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IINThODUrCT3,N 

This interim report describes . % -. . the eiirolmental asssment 
conducted -to date of the proposed ccelerated Mahaweli Development
Pxog.= The report focuses on the mjor .proposed head works. for. 
-the MabaveUi Ganga and Maduru 'Oya and'upon. the downtream irrigation*SystmsAt B, C and D. .(Se. aiur2 1). o1tiuyths
 
proj ect developments 
 comprise -the prof5osed action' -which the environ
mental assessment is concerned w± th; alternativesto -this overall p=o...posed actiaon are -not considered im this report.- 'However,...lternative.

components•th p.poe ewithin the various Co-P ~ Of* -tePosd 
... ti." eva :r~. ..ciOar
 

In generil, the presentation approach foloowed. in this rep : 
involves "stbdividing the respective discusaons f or-each of the'
 
environmental dijcipJ~ines 
 into' three--parts-.. The fjist part of -eAchMaj'Or. section is concerned with a descr ipti and analysis of the.
 
existing. conditions pertaiuing 
to the- respec.tive .e'vir*omenta.. factor. 
or topic.. The second part consists of' :aidentificatio and evalua
tipn of project impacts- related to this anvirocmenta factors.. Finky
the las-. part provlds .recoffueyded 'acioans-to either lan.imize potentia1,advefte impacts or enhanceto beneficial- aspects of.the proposed pro-. 
jects 

The ana.Lyms. presented herein are, based on -initial evalLuatio.
of existing data .and essentially r.flect specific recommendations of 
individual disciplines; therefor-e fIndings should 'be "considered tears
tiyve -and...i som cases, subject to revision-i the final report s.,ub.
.missionwhich wi.l be based on more detailed data and'a more thorough

i.ntegration of a11 
 aspects of the study. In general; however., it is

nticipated that many 
 of the basic issues wiW -remain substatiL1gy .
 

unaltere.
 

It should be noted that it regard. to the froposed irrigation
-projects, more detailed' analyses of environmental aspects are possible 

.. . .i



for only Xstems B.and C, The feasibility studies fdr Systems A an* 
D hay." ,-dt yet been submitted, and, in fact, it is not anticipated
 
tnat-tnese studies will be available prior to oampletion of the final, 
environmental assessment report. Consequcntly, In both this interim
report and, in the final submission, the analysis of environmen~tl 
impacts, pertainiug to System A and D will be of a more generalized, 
qualitative. nature. 
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SUMIRY
 

The following'tabulation presents summaries of the major pro-
Ject impacts on the human.and natural environment and a bxief descrip-
tion of recomended actions to minimize adverse impactsand/or to 
enhance beneficial Impacts. 

IMPACTS 

Successful project implementation
will result in highly benefici-' 

-social impacts in terms of amp
ment -opportunities, higher inc 
and improved standards of livii 
to,.inccming settlers as well ai

for existing residents. Poten, 

. problem areas exist which may
adversely affect the achievemei 
of the project's social object-
i-ves. A serious unresolved is 
is whether or not one hectare 

"plots n!located to family units 
will b,: !conomically self-sustz 
ing. Thie rapid imp.lementation 
rate increases the probability
t&at infrastructure and settler 
preparation may not always be 

-available at appropriate times,

Possible problems may also occu: 

due to the isolation of the 
settlers,. the limiting of women 
Toles and an inability to develi 
a sense of comm,'hity stability 
and cohesivenes=. Other issues 
of concern involve'labor short
ages, land tenure conflicts and 
changes in production systems.
These potential problems may
singly or in combination contri
bute. to settlement failures. 

REOD2MEDED ACTIONS 

.Recommended measures to minimize " 
potential problem areasi involve 
monitor.ing.fai'lure Tates and causes 
to enable corrective pl-anning 
measures to be ins-tituted. Simi
larly,, land tenure arrangements

and financial status fr settlers'. 
require supervision. Policies are 
needed to increase employment
tnities 
provide 
for the 
to other 
inherent 
should be included in-progiams o
incxeas. urnderi-tanding of the." 
household.as a financial unitand • 

the responsibilfty of that unit it 
credit programs." Proper schedul.ng
of infrastructure implementation
is essential to meet.settler needs,
particularly in the Initial settle
ment phases.. 

oppor--.,
for all family member's, t6bL 

additional. farm Labor ana 
transfer of failed settlers
 
occupations to enhance
 
community stability. Women 
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IMPACTS "",ECMENDED 

A.sigaificant increase in both

water-borne and 
 insect vec.'tO "-'(especially malaria) diseases can

be expetted with development of 
the.project. and the influx' of a
large.hu man" popuilation to theregion. 


. Investigation has shown that

large areas of the upper catch-

men0.are. being severely eroded. 

.as a result of-poor Land 
ase. 
WithX.tadequata soil. and water
coservation. prscrticas, silting-

sedimentation will continue 

to cause a deterioratiot 
of

'Lands, tanks. and villus., • 


Exis-ting forests, wilL be sharply

reduced as clearing proceeds 
 to 
prepare agricultural land. 
 Both

lumber and. firewood demands. for

the arta'will, increas 
 as the
pbpalition rises; -in fact, the

*present timber resources cainnv 

.4aE.current dometic. demands,,


,Generally, "<'* a' 
ethe qualt- of surface 

waters are. expected to be:Iiighly
suitable for irrigation, and live-
s'tock use and fbr the protection..
of aquatic life.* Localized, de-
eriorat.on ..

of water 

ACTIONS 

Health care and sanitation facili
ties are, recommended throughout
the project area. Safe, p.otable'

water supplies should be provided

for construction personnel and in
.conngTo... settlers,I.. Malaria, controlprograms: are recommended for imple

*mentation including periodic housesprayindg, -Regulation of water
.flows is suggested to limit-breed
in'.babibats of' malaria. carryingw- itoV.spece. --The overall 
health scatus of. the populatinshould. be monitored. especially in 
regard. to, insect vector and water
horne diseases.. 

A-com.rehansive soil and watershed
 management program should be ira
plemented, especially, in the upper
catchment.- General recommenda
tiong are made to develop inati-.

.ktioal. capabiities for.the'.
regulation and prot.ection. of the

watershed. Adequ.ate. drainage

systems need. to.. be installesdr and.
 
certain cultivated. areas need re
habilitati=n programs.'
 

Firewood i'lantations- are recomend
ed near planned. settlements and.
 
windbre9cs will .besuggested for

dertairr,areas.. 
 Riverine forests

should be pkreserved to ensure: that

certain troe species of luxury'

grde be. maintained and managed

for Sustained yield harvests..
 

'ul~yo " 

A monitoring program is recomended
 
to identify problem sites in thecommand areas which can be'subse
quentlk resolved with changes in. 
water applicationrates 'orimprovedquality may 'drainage. Tha program will also'o..rgut. of'inc'reased permit. the derivation ofsolid, levels in..irti i,return a conser
vation flow.flows.' Nutri-ents. and pesticides to dilute saline irriga

will accumulate 
tion return flows,, maintain aquaticin the downstream habitatsand control salinity intru-_..receiving waters. 

-

Salinity intru-
 sion in estuarine areas.sion, may be altered due to- changes
in river flows.
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A""I 'ENDEDimp. CTS" ACTIONS 
-The increased availability of '. Planning measures are recommendedaquatic habitats such as new tanks, t.o capitalize on the Increased:canAls, reservoirs and even paddy. ' potential, foi. fish 'production.fields'will result in .a concomitant Fish -farming pilot projects areincrease in fish populations end pro- suggested for investi-gation.duction. 'A Secondary 'impact will be. Recommendations are also made
the increased demand for-fishery pro- for resear-h
ducts due and applied i-;'.levelto the p opulation increase. technology to increzse overall 

fishery productiun. 

Existing fisheries in downstream • onservation flows are suggested toareas such as the estuaries end dilute toxicants; -Proper applica
some tanks may -changes im flow.megimes,be reduced due to 'tionthe'-nl will of pesticides and fertilizers.M.nmize"thei-r-.. ccumculatiou. 
teration -of -nutrient supplies and in retmZn flows. 
-theincrease in pesticides. . . • 

Alteration in river •flows will It.is recommended''that smallresult in partial or weirseven "total, or comparable s ructu'res be con-'drainage of the' swamps (villus) iii structed in the outleis of thdthe floodplains. This will In villus -to prevent thiefr dessa* "" .turn diminish the value of the! -tion luring low flow periods,'-jisvillus as wildlife habitats, would -maintain the highly-produ.-.-domestic stock grazing .areas and ive vilIu habitats$ th .cortinu;:ngfor fisheries. or perhap's enhancing 'their lyhe-... : .. .... for*grazing,.isheries and w f ia.... ' us age. 

Existing' wildlife habitats and mi-.. The -estahLishment' of --one_"o ore-ew.gratory routes will for the -most National.Parksthe preservation 4f..part be .replaced with 'the imple- existingild!ife reserves, in theirmentation of agricultural and* entirety and thedellneation'.of misettlement devlopmfnt s¢h ,s. "gration. 'C-ridors cre recommended.
Wildlife affected by this habitat as an integrated conservation ruea-.reduction include eight endangered/ sure for remaining wildlife. popula-.threatened species (elephant, leo- tions. Habitat improvement is sUgg.:'pard, .red face malkoha, mugger ested in selected areas td .,tab.lize.crocodile, bengal monitor, phython, . food supplies .f or animals -.presentlypurple faced langur and toque maca-": inhabiting established and.propo ed'que) and a total of 36 species-en- ;reserves -and for those animals;*./demic to the island of Sri Lanka. A ing at the.reserve periphs-es.secondary impact .will occur when barriers and buffer zones "for the-conflicts arise between farmers and . wildlife 'reserves and corridors
the larger mammals (especially ele-. 'recommende'd 
are
 

to limit widlife.cn-•phants) which are gradually cbn- 'flicts wi trman. The presan.t capa-,fined to small -isolated -areas. Ele- city of the epartment.of Wildlifephants .and wild boars can cau3e sig- Conservation should be increased and'nificant crop and forest damage as. .-training programs expanded. 'Distheir natural food supplies and placed wildlife including elephantsliving area.are reduced. and leopards should be-'accommodated 
in captive populations .whexe 
possible... 

• mV
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...IMPACTS REC MKMED ACT-IONS 

The change in vegetal cover will Con trol programs need to beincrease suitable habitat for a instituted to .l-imit pest prolifera..number of agricultural pest;spe- ti'on. It is r-comended that sugar•.cies including. the rose winged. cane, since it erovides excellentparakeet, two species of munia7 nesting habitat for rice consumingand -rts. : •tnias, be planted in areas distant. 
.,-or at. least buffered from, nice 

paddy: regions.. 

It should be* emphasized that the Government. of Sil Lanka has 
takcen an active. interest- in promilgating enViionrnental safeguards and 
conservation programs.. any of the recouwendations presented here ate a -result of coilaboration with the various goverument.agehcies and in
 
sbme cases. reflect the ongoing programthe agencies. have 
 iiiat~cf . 

:Economic. Perspective.. 

IW-this uid.-tern. report, (COnomic -studies. cowrise; a 3UrVeyDf the?"hatumre. of the technical data available from the..various; environmentaL.
 
discipUnes. in order to develop 
 Appropriate methodoLogies for-the economic 

"n'analy,is,of environmental impacts and plann.ing reco-endations., Preli..
. nary. analyses fror existing data relating tha impacts on foresty,to 
*.fisheries and. villus. are" presented to, demonstrate the applicability of 

-economic. analysis- in the assessment of' environmental impacts. The analysis 
methodologies wvill be formalized in the final 'report. to indicate cost 
.effective means for mitigating negative impacts and. for optimizillg the
 
u.se of' environmental resou;ces. with, am emphasis. the' evalu~tiO
on of,
 
altarnative land uses.b.
 

Integrated Eronnental Planning' 

In thi*,mid-term report, recommendations generally reflect the 
analyses- of. individual environmentaIl *disciplineor a collaboration. between 
several disc.iplines. However, assessments, relating to several environ
mental topics, including historical sites, climate, hydrology, minerals 
and pest-management control,. have. not been completed.to, date and will be
addressed in the final submission. 
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Following a thorough analys.is of all of the significant' environ
....mental aspects relevant to .the Accelerated Mahawe-L.Program, recommenda

tions will be presented based.upon an integration .of-.inputs from each of 
th'environmental disciplines. This would include, for example,--the
 
establishmeft -of coordinated monitoring programs to 
-meet the combined 

riequirements for water quality, soils, pest control, wildlife and public 
.health analysis. . Similar recommendations .may involve" training programs, 
extension services, -wildlife 'management plans, conservation flows, infra
-structural needs, etc 

In :the finar report, particular emphasis will be'plaed upon
 
deriving integrated land use .planning -recommendations'and alternatives
 

".which will take into consideration the various development strategies. 
For this purpose a -land use map will be presented showing the proposed 
land.uses and supporting infrastructure recouendations in the available 
feasibility studies and from the Mahaweli Authority. With thi-s map aa. 
a basis, -the 'positive and negative impacts will be analysed and -ltera
tives discussed. Land use recommendations will focus toein large extefit 

upon agricultural uses, wildlife, preserves, fuelwood plantations, forit 
Teserves and especially' watershed management. 'A. land. 1use/soil conse3--,'-. 
vatic. map will be presented for -the upper catchment, and recormendatius 
for agricultural redevelopment, forest plantations and soil conservatiin 

measures will be made. A sample of this mapping technique and the-, 
methpdology 'proposed for determining.soil.-erosion problem areas is 
included in .this mid-term report." 

- 'vil 



CHaITEL 1 -

ZROJECT DESCQI'TION" 

BIs.CKQD.OTD 

The Accelerated Mahaweli Development Pro6ram encopn

passes a total of 259,0100 hectares (47. of Sri Lanka) and
 

includes the construction of f ve or more large'storage reser

-voirs to provide irrigation water for approximately 123,.)GU 

hectares of new land. Il ementation of this corrrrehensive 

river basin project will enhance the nation's socioeconomic 

development by providin increased employment oportunities, 

expanding overall agricultural prodluction and creati-g needed 

hydroelectric power.
 

HISTOUICAL PEISPECTIVE 

.The diversion and use of the Mahaweli -Ganga waters 
was originally carried out by the ancient inihatitants of the

island. They diverted the river at Minipe, Kalinga and Kanda

kadu along the main river and diverted the Aban Gaigra at 

.lehera and tugamedilla. 

More recently, a rumber of Tecommedations iiave been
 

.made to divert the waters 'f'the perennin l Hahaweli Ganga in to 

the dry zone for irrigated agricultural development. PreliminaW 

studies in. this connection were first conducted by the' Irr.igati 

Department. The resources of the Mahaveli Basin were .studied 

by the Canada-Colombo Plan Projcet.and concurrently by the 

United States Operations Mission in the 1950's and early.196V"'s. 

As a result of these investigations, the F. was subsequently 

requested to prepare a Master Planfor:proposed d-evelopmeuts of 

the-Ma;naweli Basin..
 

The FAD Master Plan was completed In 1963 and the
 

first project implesented was the Polgol.la diversion. 9sisted 

by Voild Bank funds i.19;0;" the-olgokla iveiron;a,"d 

Dowatenna projects were both completed in 1976 and provided an
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additional 12,O0 hectares of irrigated land in Irrigation .System 

_MIAW I ACCMERATED PiRAI4 

In 1977, the present government decided to accelerate
 

the Nahaweli Development Program and cultivat e 1.3,-300 hectares of
 

new lands and 32,JO hectares of existing agricultural land in
 

.irrigation systems. labeled A, B, C and D in the Mahaweli and
 

.aduru Oya Basins. The Vctoria, Maduru Oya, Randeni.gala,. 

Moragak.akande and Kotmale storage reservoirs are proposed for 

construction in order to regulate 'the water for irrigation. of 

the new project area and provide hydroelectric power.. The 

.locations of the proposed reservoirs and Arrigation systems are 

shown a.n Figure 1-1. 

Headworks
 

Details of the five-major dams are presented in 

Table 1-1. In addition-, several major reservoirs also under 

consideration -include, the Rotalawel'reserveir, Ulhitiya reservoir, 

and the Kaudakadu barage. The Rotalawel reservoir- has a. full. 

stora .e elevation of' 67 meters and a storage capacity of 2.40 mill

ion cubic meters.(MO)., Similaly,."the.qlhitiya Oya.ruservoir..hax a. 

fulL storage elevation of 106.7 meters with a capacity of. i10 mcm. 

The. Kandakadu barrage.will occupy atr area of approximately Z900 

hectares. In addition, a storage reservoir on the Amban GAga 

has also been proposed at Angamedilla; however, the operating.
 

characteristics, of this. reservoir are not presently available.,
 

Downstream Irrigation Systems 

The downstream irrigation. systems will irrigate a total
 

of L75,500 'hectares as. shown in Table. I-.
 

1L-'. 



The Mahaweli scheme has adopted the pr-incipal of the-

z&&t~Tameut.4ei~elopmene -wiak -rees .to%soidatine 
well-,lanned hamlets into' a village. 

Several. villpges vill be linked in a network to eltab
lish a township. It is estimated 
that about 100 settlers,and their 
families will reside in each hamlet-on 0.2 hectare of highland. 

Family units will be .allocatee.one hectare.,of paddy laud lo'tied 

in the immediate vicinity. 

An estimated 140,000 families -and other service staff
 
totalling about I mllion people will 
move into the JAccelerated. 
Mahaweli Program area. All the necessary infrastructure -such as 
roads, schools, hospitals etc. will be provided by the Government 
and it is expected thatthe settlers will establish other facilities 
such as a shoppin, .enter, community centers eta'. through their 

.own affort. 
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TABLE 1-1. 

CHARACTERISTICS OF MAJOR DAMS 

I".
 

Major Dam Kotmale Victoria 	 Randenigala 


FSL 	M Meters MSL 
 728.7 934.5 228..7 


HFL M Meters MSL 729.0 439.*0 230.6 


Dam Height- Meters 107 108 84-


Area Inundated
 
hectares 9.7Z 2,267. 2,318 


Cap acity.Millio=
 
Cubic Meters 408 
 59 Z 776 


Installed Capacity 150 210/420 75 

MW (200) (100)
 

Annual Energy GWH 	 390 693 170 
, .
 

New 	Area Irrigated 24,000 36,000. 
Heataxes 

Date of Completion 	1983/. 1984 1985/ 
1984. 1986. 

Morag~hakanda Maduru Oya

195.L 97.6
 

197.7 99.1
 

River Section:71+ 39
 
Saddle 1 :56,
 
Saddle Z :31
 

4p049 6,28Z" 

854 	 515
 

40 9.75
 

'
 

200 36
 

20,000 47,200
 

1985/ 1982/
 
1986 1983.
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C 

System A 

A 

B. 

-D 

TABLE 1-Z" 

Ai1EAS flRIUGATED IN ACC2LEATED' -PaloGR.. 

(Hectare.,) 

Origin of Water Existing*Scdemes New Schemes-

Kalu" Ganga 
Reservoir .14,600 . 

Rotalawel'a. 
Reservoir .. " 7,300 

Pallewela1,es ervoirI•e.e." i: ,1 _ , 

Maduru .ya sup'p.,
by Victotia 2,700 47,300 

Victoria Reservoir !;-300 29/800 

(Including System G 
AD, D Part D2
DIG (System ). "1,800 
Elehera,Minneriya,. 
Kandalla, Gliltal.a, 
Kantaai, .2as 30,00) 

.39,7o0 . 13:5,800 

Total 

20,3W. 

7,300 

t14, 900 

'50 ,00q
 

31,100 

3owo 
175,500 
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CHAPTER 2
 

WATEL (Q3ALITY 

EXISTING CONDITIONS 

'General 

The available water quality data for.the project. area
 

are compiled in Table 2-1 for rivers and streams, Table'2-2 for
 

tanks, villus .and lagoons and Table 2-3"bor groundwa.ter. .These
 

.data were obtained from.a number of sources which .are coded .on
 

Tables 2-1, .2-2 and 2-3 as follows :
 

Code Source 

I- U.S. Operations Mission (1961) 

2 - Amarasiri (1965). 

3 - Amarasiri (1973Y
 

.4- Pattiaiatchi and ,de Silva (1972)
 

5 - Vater Resources Bureau (1979)
 

6 - Ceylon Association of Science, Presidential
 
Address
 

7 -Government Analyst's .nepartbnent (records)
 

8 - Irrigatin Department (records) 

National Water Supply and Drainage Board'
 
(records)
 

'It- Dr. G. Shut (field notes) 

11 - TAILS (samples collected by TA1S in-November 
1979 and analysed by Occupational Hygiene" 

/Division of the Labor Department and by the 
-Irrigation Department). -. 

Localities ,of the surfac'e water collections, according. 

to the above listed sources, are.'graphically depicted on Figure 

2-1. Groundwater sampling stations are not included on Figure 

2-14 6ecause the well and bore-hole locations have not been 

'clearly defined.
 

There have been very few comprehensive, sustained water
 

quality studies conducted for surfaca waters or.groundwater
/ 
.in the Hahaeli'Accelerated Development area. The most
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deta:. .,d studies involving seasona analyses for selected water 
quality 'parameters were completed by the U. S. Operations , 
Hissiotr (1.961> for single stations on the Upper Mahaweli Ganga, 
the-.A.mban" Ganga (at Elahera" and a few of the large irrigation
 
tanks ;p by Amar.siri (1972) for some major-.irrigation tanks; and 
by hhe-overnment Analyst's Depa'xtent at the Kotmale Dad Site. 
The. remainder-.of the. water' qualityf data ,i*derived from occa
sional,. isolted somples .ollected for-anadiysis. from various 
locations in the project area.. 

Irrigation Use Criteria
 

.Criteria, have been: rec.o-mended for the classifica
tion, of the quality of water for irrati6z use by the U.S..
 
Departmant o:" Agriculture or USDA. (1954> 
 and: the FAQ.(Ayers
and,West.ot,.1976). These, criteria are swnazzeA in Th-ble& 
Z-4-,. Z-5 'and 2.-6,
 

Cenerally, the'more commonly occuring problems with.' 
the. c-.raliI.T of irrijation_';upplics are associated with high
 
Ipvrr ls: of salinity (as r a-rad-by- b.fectrica c nductivi'ty)"
 

'and/or.a&high propo:tio. kodium. in
omof camnarison wi4th othe=
- inoranic cons tituefts chiefly; calcium, magnesium and.-bi
.carbonate.
 

-Salinity-,. Salinity problems arise if salts from
 
thei apprIe: i rri ation water accumulate in the'crop root zone
 
and y-elde- are 
adversely affected. With shallow water..tables,
 
salinljty - problems may 
 also occur, due tb upward movement
 
of water and sa-lta from the ground 
water as. the water
 
evaporates fzoqr.the, 
 soil or is-used *by the. crop.. rlcr most 
Lrrops,.. salInity problemi, due to the quality of- th irrigation 
water, do not occur at conductivity leVeLs of less. than 750 
micromhos/cm. Detailed conductivity- criteria are presented in.
 

Tables 2-4, 2-5 and 2-6. ,
 

.Very low salinity waters (conductivity less than
 
200 micromhos/cM)"can also cause problems resulting in reduced
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soil permeability"(Ayers and Westcot,. 1976). Low salinity 

waters dissolve all sources of calcium from the surface soil
 

causinr. finer soil particles to disperse, to fill pore spaces 

and sea! the soil surface. 

Sodium-Pnoblem Evaluation - In irrigation supplies, 

a high level of sodium in relation to other ions can result in 
the formation of alkali soils with very low permeability. The 

most common method of evaluating the relative amount of sodium 

in the water has been with the calculation of a Sodium Adsorp

tion Ratio (SAR), .described by USDA (1954) as the following : 

SAR- _____ 

=Ca" + Mg 
2 

where Na.= Sodium inmeg/I and Ca + Mg = Calcium plus Magnesium 

in.mes/1. Problems do not tiually occlr with waters having SAR
 

'alues up to about 10.
 

Permeability problems are also related to the
 
carbonate (CD3) and bicarbonate (HOD3) content in the irrigation
 

water. Iw ... cn ing.hbi .cocenratons -of-bicarbonate* 

there is a tendency for calcium and magnesium to precipitate 

carbonates and, .as their levels are reduced, the relative 

proportion of sodium is increased. 'This effect has usually
been evaluate by the determnation of the Residual Sodium 

Carbonate (RSC) method which involves the use of following for

mula : 

RSC n (OD3 + HOD3 ) -(Ca + Mg) 

Water with an RSC value of more than i.5 is usually considered
 

unsuitable for irri&atiofi purposea... 

Bicarbonate levels of as low as 1.5 can also caise 

problems when fruit crops are sprinkle irrigated during periods 

of very low humidity Lnd high evaporation (Ayers and Westcot, 

1976). Under these conditions, white deposits are formed on 

the fruit or leaves which reduce the-marketability of the fruits. 
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A refined procedure for, estimating potential sodiimhazards which combines the concepts of SAR and RSC has beeni
•suggested by FAD (Ayers and Westcot, 1976). This involves a
calculation of an Ajdusted Sodium Adsorption Ratio (Adj. SAR) 
as follows: .

Adj.. SAR, - Ma .... .-- 1• .(84 .... pHc)] 

where pic =(pk 2 -'pkc) + p(Ca + andMg) + p (Alk), 

(pk Z - pkc) 'is obtainedfrom Using the sum 
of Ca + Mg + Na in eeg/ 

,p(Ca + Mg) is obtai'ifn using the sum 
of Ca + Mg in meg/ Fr.d--- 

p(ALk) .is obtained friGi-ingi the.sum 
of 003 + HO3 in. meg/,,


The (pk2 pkc.)', p(Ca. +.Mg) 
 and p(Alk) values, are then con
verted to 
st ndardized units- (Ayers: and Westcot,. 1976) before
determining the pHc. The pdc is a theoretical, calculated pH 
of the irrigation water. 

Project Area Waters - alityf or Irrigation 

Where sufficient data.wre available for the project
area waters the RSC, SAR and Adj. SStR were calculated and enter
ed in Tables 2-1, 2-2 and 2-3. In addition, where possible,.
 
the waters were 
classified in terms of their conductivity and
 
SAa values according 
 to USDA (1954) recommendation

3 which are
 
given in Tables 2-4 and 
2-5. 

Rivers and Streams - From the existing riverstream data (Table 
and
 

2-1) the waters of the Mahaweli Ganga, Kot
male Oya, Amban G*auga and Maduru Oya, are at present well suited
 
for irrigation 
use. These waters are characterized by very
low aSC,. SAR and Adj. SAR values. They also exhibit low 
mineral content or salinity as evidenced by the conductivity
.levels. Most of the conductivity levels, especially from the 
Mahaeli Ganga, are less than 200 micromhos/cm which could 
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cause some permeability problems. Waters from tre Amban Ganga 

and Maduru Oya have significantly higher mineral content than 

that found in the Miahaweli Gangsa. However,-the data are limit

ed, with most. of the information on the. Mahaweli Ganga from the 

upstream hilly areas where salt levels inmost flowing waters
 

are typically low.' 

As expected, salinity levels near the mouths of the 

Mahaweli Ganga (Mutur) and Maduru Oya. (Valaichchenai) are compara

.tively high due to tidal effects. Although these locations 

are represented by single samples, the salinity levels apparent

ly would not, at times, limit use of these waters for irrigation 
purposes provided that the crops were relatively salt tolerant 

and adequate drainage was provided. 

A few of the crop toxicitX criteria (Table 2-6) are 
exceeded in occasional samples collected from the rivers and
 

streams of the project area. The most conspicuous of these 
are the exceptionally high iron levels found in the Mahaweli 

Ganga at MannampLtiya and in the Maduru Oya at the Dam Site. 

However, this may not be a common phenomena since a second 

'
sample at the Maduru-0ya Dam Site had" 'very low iron level. 

Tanks, Villus and Lagoons,- In general, water 
quality in the project area tanks indicate that these water 

supplies are presently suitable for irrigation use. Low RSC, 

SAR and Adj. SAR values are found for all of the tanks. How

ever, a few of the tanks exhibit some elevated salinity 

levels, particularly at the Allai Tank and' the Vakanari Tank 

both of which are downstream tanks located near the coast. 

Other tanks including the Parakrama Sanudra, the Kantalal Tank 

and especially the Minneriya Tank exhibit occasional salinity 

levels which exceed the Cl classification according to'the 

USDA (1954). 

Tanks, in general, have a much higher mineral con
tent' than that in the adjacent rivers and streams in the region. 

In addition, theeoiwaaal measurements made by Amarasiri (1973) 
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clearly show the effect on increasing tank salinities of thedrawdown and increased evaporation rates during the dry season 
months. 

Villus generally have waters wtich are suitable for
most irrigation purposes, although high salinities are often
found as.a result of the extensive drawdown periods which occurannuallr. 
 The salinity level ir.the Upaar Lagoon precludes its
 use for irrigation, which is expected, due to its direct ocean
connection. 
 However,. the salinity levels here are undoubtedly.

higher than they nuormally would be due to: the 'Presence of thelow culvert bridge at the lagoon entrance. This impedes normaltidal flushing, of. the lagoon, and combined with high evaporation

rates, results, in an unusual increase in-salt content. 

Groundwater.-. Most. of. the,_wells sampled exhibit.properties; which are suftable for irrigario use;. . However-,.
several of. the. wel.Is from. Sys-tem C, Including- Well- 12. (sampled8/7 y.tan Well.. 14- (sampled 7/79),, had, high salinity, levels. andvey hitgh. Pas, -SA. or A41, SAR. value&which. would. probably prevent. their use- in moat- circumstances for irrigation; 

.Simdlarly, several coastal welIs, notably at Trincomalee and Batticaloa, had very, high 3il 1--l--he'h--o3
 
limit their use 
for irrigation... Aquifers here are.undoubtedly
being recharged, at least partially, with sea water.
 

Wells sam'led "eai Hingurakgoda also exh4bited arelatively high saline content with the result that chloride
conce-trations 'are elevated which, could cause some crop toxity 
problems. 

Livestock and Domestic Use
 

Based on 
 the recommended toxic substance criteriaof the National Academy of Sciences and National Academy of
Engineering (1972) and of the U.. S..Environmental Protection 
Agency (1976), the project ! . !Iarea groundwater and surface waters 

.2-6 



(including tanks, Villus, rivers and streams) which have been 

sampled, are all suitable drinking water-sources for livestock.
 

The only exception would be the waters of the Upaar Lagoon which'
 

have a salinity concentration far in excess of safe consuMption 

levels for animals. 

Th-.. surface Waters are apparently suitable for swim

ming, bathing, clothes washing and other related domestic uses. 

However, this assumption requires confirmation with additional 

testing, especially for coliform bacteria counts. 

Similarly, the quality :of the well waters for human 

consumption needs verification with coliform bacteria, metal 

toxity and other analyses. From the existing data, it is 

apparent that several wells in the area would be questionable 

potable supplies because of'.high saline content. Waters with 

-total dissolved solids levels of more than 500 mg/I (roughly'. 

equivalent to a conductivity of about 700 micromhos/cm) and/br 

chloride levels of.over 7 meq/1 are usually considered obyarc-

tionable due to the salty. tast.i. .Project area weil.wiekh 

fall into this category include Wells 14 and 20-in Syste,:c:.. 

and some wells i a Kaduruwela, Hingurakgoda, Trincomalee and. 
Batticaloa.. The iron concentration found in th& Mahiyangana 

bore-hole also exceeds the-safe drinkingwater criteria, of 

0.3 mg/l. 

Aquatic Life Standards 

The surface waters in the project area generally 

.exhibit qualities which are above .standards normally associated 

-with health fish faunas. The data.reveal a few isolated
 

instances where safe levels for aquatic life are exceeded. These 

include an infrequent high ammonia level and the high iron con

centration found in the Mahaweli Ganga and the Maduru Oya. The 

recommended iron level for the protr&-tion of aquatic organisms 

is 1.0 Mg/l (U S. Environmental Protection Agency, 1976), an 

mount exceeded six times.in the available iron data. The iron 

, .. • 
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present however may not be highly toxic -to aquatic life if it 

exists in coubined forms. 

Pes ticides 

Until recen.tly (about 1976); chlorinated pesticide. 

including ST, BHC, heptachlor endrin, aldrin and dieldrin were
 

employed for peat control purposes throughout Sri. Lankau The 
chlorinated (or organochlorine) pesticides are vety persistent, 

often remaining for years before thay breakdown to harmless by
products. Organophosphorous pesticides, on the other hand, while 
still very toxic degrade rapidly, remaining in soils only a few 
days or weeks. 

Most of the organochlorine pesticides had been re

21aced heieby the..orgauophosphat....types; however, some. organo

chlorinf Insecticides are still. in use in the.country.. Rama
sundaram et.11 (19.79), from the CentraL Agricultural Institute 

in. Peradeniya,. have recently compleeed a datiodal survey of-Qgafo
chlorine insecticide residues and found,for example, DDT .and BHC 
residues. in 6L and 43 per cent,. respectively,, of vegetable 
sampLes examined. In this study-, water-samples. taken at several 

*acations itcJ-uding Parakrama Samudra, Gir tale Tank. and Min-
periya Tank did not contain DDT, but. had traces of BHC, dieldrin, 
heptachlor and endosulphan. 

In November, 1979, TAMS collected water samples 
throughout the project area which were a-alyredfi.r-chl-orinated 

pestqide residues by the Central Agricultural Research Insti

tute . The results of this analysis. are.. presented in Table- Z-7., 

Note that the figures are given in micrograms/L (ug/1). 

These concentrations are relatively high, especially 
for DDTand they often exceed mortality level thresholds for some 
aquatic organisms (U. S. Environmental Protection Agency, 1976). 
These data require additional verification, #%nce as pointed out 

by Ramasundarme aet (1979), water pesticide analyses are 
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easily contafinated, and the methods have not yet been standard

ized in the country. 

IMACT ANALYSIS 

Water Quality of the Proposed Reservoirs 

Thermal Stratification - Large, standing bodies of 
water comparable to the reservoirs proposed for construction in 
the project area would be expected to exhibit a thermal strati
fication between the surface and bottom waters. Thermal *
 
stratification occurs: as surface-waters 
 are'warmed' by-solar
 
radiation with the result that warm, 
 lighter water forms'a
 
layer over deeper, cooler and 
 denser segments of a reservoir. 
This creates thermal and density gradients from the top to the 
bottom of the reservoir which inhibit mixing between fhe .upper 

and lower waters. 

Typically, temperate lakes exposed to extreme varia
tions in climate -exhibit a sharply-delineated thermal stratifi
cation with summer surface temperatures of 20 - .25°C and bottom 
temperatures of only 4 C. However,-In these lakes, the seasonal 
climatic changes produce uniformsurface and boftb "temp-ratures 
which equalize respective water densities and enable winds to 
more or less thoroughly..mix upper and lower reservoir layers. 
This mixing or "overturn". may occur once or twice annually and 
sometimes more frequently... 

On the other hand, tropical lakes usually exhibit 
weak vertical temperature gradients and little seasonal change 
of temperature at any depth. However, even thermal differences 
of a few degrees centigrade in a tropical lake are capable of 
causing the formation of.. stable density layers which can persist 
throughout the year. beenThis has observed for most .of the 
man-made lakes in southern India (Ganapati, .1972, 1973). Over
turns are irregular events, and deep tropical lakea, like the 
proposed Kotmale, Victoria and Randenigala Reservirs, 'usually 
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undergo only partial mixing of the lower layers unless a storm
 

occurs with exceptionally high wind velocities. However, the
 

relatively short hydraulic retention times for the proposed
 

reservoirs combined with the-seasonally high winds in the pro

ject area will probably result in one or more complete turnovers 

for the shallower reservoirs (Moragahakanda, Rotalawala, Ulhiti

ya Oya and Maduru Oya), 

Temperature data from the man-made lakes in southern 

India reveal that surface temperatures range from 24-330C and. 

bottom temperatures from 22 to 30°C (Ganapeti, 1973). The 

vertical differences vary from 0.3 to 6.6. These differ

ences are sufficient to cause stratification because the change 

indensity for.a temperature difference of 1°C between 290 and
 

300C is 2-3 times as great as that for the same difference in
 
° 
tenmperature between 14 and. L50C... 

Surface temperatures.. far..the proposed. reservoirs 

would be expected to be. similar tQ. those. found- i .the.man-made. - . " ;:I 

•lakes of souther= India. This in general agreument with the, 

existing tanks in.Sri. Lanka (Table 2-2). Stratification 

patterns will also be similar to the Indian reservoirs,, although 

because of the great depth of the up-country.- reservoirs bottom. 

temperatures in those iakes will probably be somewhat lower.
 

hemical stratification - In addition to thermal 

stratification, the proposed reservoirs will exhibit vertical 

chemical stratification as well. The main parameter of concern 

is dissolved oxygen. Oxygen levels in the uppermost layer of 

the reservoir should be relatively high due to the contact of 

surface waters with the atmosphere and because of the photo

synthetic acivity of free-floating algae. Oxygen is an end 

product of photosynthesis and is released by algae into the 

water. On the other hand, oxygen concentrations in water 

below the upper layer will decline significantly. This will 

be du to two principal factors. One is that as depth in

creases in the reservoir, the effectiveness of sunlight pene
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tratiou decreases rapidly. This limits photosynthesis act
ivity, and thus oxygen releases, to a zone of water relatively
 
close tO surface. 
 Second, the chemical process involving the 
deccmpsition of organic matter, especially algae, as it settles 
to the bottom of the reservoir, consumes oxygen. These chemical 
processes will occur at a faster rate in tropical reservoirs in 
comparison to temperate ones; because at the expected bottom 
temperatures of the proposed reservoirs (roughly .2C300 C), the
 
rate of biochemical reactions will be 4-9 times greater than in
 
*atemperate reservoir which.will have a deep water temperature
 

of 4 )-100C (Ganapati, 1972).
 

As time passes, continuous decomposition activity 
depletes dissolved oxygen in the lower layers of a reservoir. 
Overturns will annually replenish oxygen throughout a.reservoir 
due to turbulent mixing and exposure to the atmosphere, However, 
if partial overturns occur for the deeper reservoirs, the bot
tom waters may have very low oxygen concentrations for long 
periods of time. 

In the southern India lakes, oxygen concentration it
 
the surface waters are usually high, ranging from 3.5 to 8.8
 
ma/l.(G~cnapati, 1972). However, the bottom layers exhibit
 
considerable depletion in all of..the reservoirs-j-especially
 
in the.summer months when oxygen levels may drop to iess than
 
1 mg/l. These reservoirs range in depth from 9 to 43 meters.
 

Similar oxygen gradients would be expected to occur
 
within the proposed project area reservoirs, The upper zone
 
of higher oxygtn concentration may be extended slightly down
ward in the lower cr dcwnstream part of the reservoir. This
 

may occur since turbidity causing sediments will settle in the
 
upstream reaches of the reservoir; thus permitting deeper light
 
penetration and a corresponding expansion of the area of photo
synthetic activity. Consequently, the proposed reservoirs 
would be expected to have mtygen concentrations of between 5 to 
10 mg/1 occurring im surface waters and down to a level of 
roughly 10-15 meters of water. Below this point, dissolved
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oxygen will be reduced and may fall to less than 1 mg/1 at the 
bottom of the reservoir, particularly during.the dry season, 

The virtual absence of dissolved oxygen from the 
deeper pcrtions of a reservoir will result in the formation of
 
reduced chemical ccmpounds such as odor-causing hydrogen sulfide 
and ammonia. These substances will be. formed mainl- from the 
leaching of organic sediments which have -accumulated on. the 
bottom of the reservoir. Thus, the'se compounds would be 
expected to appear in higher concentrations- near the bottom* 
with a diminishing gradient formed as the oxygenated surface. 
layers are approached..
 

For most fish species and other aquatic life, expo-. 
sure to. less than I mg/l of dissolved oxygen and/or to even small 

--amounts of hydrogen sulfide. and other reduced substances, 
results in mortality or at least. strong. avoidance behavior, 
Thus, most aquatic organisms., especially fish. species.,. which 
are present in the reservoir will find suitable habitat con
ditins in only the upper layer near the surface.; Only the more 
tolerant species will inhabit the deeper- resp.roir, waters. 

Downstream Reservoir Releases - The quality of the 
immediate downstream releases will be dependant upon the water
 
quality conditions within the reservoir and, in particular, at
 
the depths. where the intake release structures will be located.
 
Due to the anticipated nature of the thermal and chemical stra
tification of the proposed reservoirs, water released from the 
surface over the spillways should.be of relatively high quality,
 
i.e. well oxygenated and buffered.
 

On the other hand, water released from lower levels 
of the reservoirs will be of comparatively poor quality. Oxygen 
concentrations may be very low and reduced substances such as 
hydrogen sulfide will be present. Water of this nature usually 
has a dark color, and often an objectionable odor; it may also 
be harmful to aquatic life. 
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bue to head.requirements for power generation, it is
 
expected that water will be released from lower levels of most
 
reserv,.irs. Thus, relatively-poor quality water will occur
 

below the dams. 
 However, because of the high gradient, torren
tial nature of the rivers, water released from the dams should 
be .reaerated, and quality improved within a short distance
 
downstream.
 

Level of Productivity -
 The degree of production
 
of organic matter within the reservoir ecosystems will be
 
largely dependent upon the availability of nutrient salts to
 
aquatic plits and especially to floating or attached algae.
 
The level of productivity can affect water quality conditions
 
throughout a reservoir including the rate of oxygen depletion
 
in deeper waters. Higher production implies increased de
composition rates as -algae die off, and thus a.more rapid 
reduction of oxygen concentration occurs.
 

In the filling stage of the reservoirs a large
 
amount of nutrients will be available from topsoil, leftover
 
vegetation or ashes remaining after clearing 
and burning. 
Thus, in the first few years of reservoir operations algae
 
growth vould be expected to be very high.
 

* Typically, most reservoirs, especially warm tropical
 
ones, will be highly productive during the initial 4 or5 years
 
of operation. Following this period, the proposed reservoirs
 
would be expected to exhibit a decline in production levels as 
the nutrients available from the inundated land settle to the 
bottom and are prevented from recirculation by density strati
fication. Consequently, the deeper up-country reservoirs 
which are likely to undergo only partial overturns will lose a
 
substantial amount of to thetheir nutrients bottom sediments. 
Thus, these,reservoirs will.probably be less productive than
 
the shallow. low-country reservoirs where mcre complete over
turns are Axpected which will replenish the surface water
 
with nutrient salts needed for algae production.
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Following the initial years of high photosynthetic
 

activity, productivity in a reservoir usually levels off and
 
there_;ter depends upon the supply of nutrients, and in parti
cular phosphates, which are recycled from sediments or which
 

enter from outside sources. Phosphates and-other nutrients
 
enter a resetvoir from leaching of natural minerals, direct
 
absorption from the atmosphere,.. rainfall, human and animal
 
waste disposal and from runoff through fertilized cropland
 
and pastures.
 

The. available data are too limited :to acurately. 
predict nutrient loadings.for the proposed reservoirs. The
 
few phosphate readings from the project area waters indicate
 
that nu-trient salt concentrations are relatively low, although 
sufficient to stimumlate algae growth. Observation& of dense
 
algae- blooms on many of the existing. tanks im the region
 
indicate. that nutzient7 supplies are relatively- higir in some
 
localities.
 

All of the proposed re6srvoirs- will act. as- nutrient 
,(and sediment) traps, retaining nutrients which would normally 
.reachdownstream areas. Due to the sequential arrangement of 
the reservoirs, a progressive dC-wnstream reduction in the river
supply of utri nts will occur. Thus, downstream reservoirs 
will have to rely to a large extent upon nutrient inflow from
 
their individial catchment areas. 'This may be particularly 
evident foi"the Randenigala Reservoir, since the Victoria Reser
voir will prevent.-river nutrients ftom reaching it. However, 

if withdrawals from the Victoria Reservoir are near the bottom
 
of the lake, then some of the nutrients trapped on the bottom 
may be released into the Raudenigala Reservoir and thus increase
 
its fertility. k similar series of events may occur below the
 
Randenigala Reservoir and the Ulhitiya Oya Reservoir in relation
 
..to the nucrient supplies to the further downstream reservoirs,. 

An additional source of nutrient salts will be avail
able .tp the proposed reservoirs because of the anticipated annual 
drawdown of the water levels. This will expose inshore sediments,
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leaf litter and other organic debris which will oxidize 

due to atmospheric contact. *The Lusuing inundation of the 
exposed drawdown zone will then provide nutrient salts in a
 

f rrm suitable for algae usage. If drawdowns are of a suffi

•cient length of time,. terre.tial herbs may take root; when the
 
area is re-inundated the decomposition of. thi grassy vegeta

tion will provide further nutrients 'to the reservoir. Similar

ly, an important source of nutrients are those asuimilated from 
dung originadugfrom grazing animals along the shorelines or 
even within the..drawdown zones of the reservoirs. 
 This is
 
obviously one of the mCst significant nutrient, sources for 

many of the existing tanks In the ..project area. 

Summary. of Anticipated Reservoir Water Quality - All 
of the proposed reservoirs are expected to undergo vertical 

thermal and chemical stratif-ication, with reduced oxygen levels 
occuring in the bottom waters for some part of the year. 
The
 

reservoirs will probably overturn once or more annually al

though the deep reservoirs including-Kotmale, Victoria and
 

Randenigala will not have the thorough surface to bottom mix-
Ing expected in the shallow, low-country reservoirs. The 
latter, due to increased nutrient availability through re

cyclin,,. and drawdown should be more productive than the deep
 

reservoirs.
 

Impacts Related to Irrigation Use
 

Quality of Initial Sources - The quality of the 
initial .irrigation supply sources includirg the new proposed
 
reservoirs and the upstream river sections should remain high

ly suitable for irrigation'purposes. They are not expected 

to undergo any significant water quality changes which would 

alter tMir value for irrigation usage. These waters, due to 

their.very low mineral content, could cause some soil permeabi

lity problems,. although impacts of this nature are likky to be 

very localized. High iron content of these waters could alao 
be detrimental to crop yields, but further investigations will
 

2 - 15 



be necessary to clearly identify iron levels since this metal 

forms many complexes with other, ions. 

Effects cn Major-Tdnks -- Likewise, the major tanks 

in the project area, including Parakrama Sam-dra, Minneriya, 

suitable quality forKaudulla-and Kantalai should maintain 

irrigation. The quality in these tanks should improve slightly 

due tp the increase in the water. volumes which will pass through 

2-8). This will tend to dilute salinity concentrathem (Table 

tions in the tanks. According to NEDECO (1979) ANNEX B, none 

of these tanks should receive appreciable.retur flows from
 

upstream irrigation systems. This.will tend to preserve the 

present high quality in these tanks. 

Effects cn- Medium Tanks - Cenerally, the medium and 

smaller sized tanks within the project area are expected to con

"tinue. ashigh quality sources for, irrigation of their command 

areas. 

However, some.degradation of the. water. quality in 

the" downstream tanks suchr as Punai, Vakaneri and Allai may 

occur, particuarly during dry- season mouths, as return flows 
frour utrea rLrrigat.o..systems enter them. The return flows 

undergo a progresaive downstram accumulation of salts which 

may result in am increase in. the overall -solids content in 

te.? tanks. The salinity ir Loth the Vakaneri and Allai 

Tanks is already relatively high. However, the, data to 

supprt.t!4s are limited, and, im any.-evemt, a substantial 

increase in salt concentrations would- be necessary to inhibit 

their effectiveness as irrigation supply sources. 

Return Flow Reuse - In a few localized areas water 

quality in return flows may deteriorate significantly, prevent

in& their immediate reuse for irrigation. This may occur where 

salt accumulates due to improper drainage or in areas, where 

sodic sub-soils exist which, when irrigated, release sodium 

into drainage watews. However, in most cf the project area, 
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adequate drainage and the'flushing action of heavy rains during 
the wet season should prevent salt build-up in the sois or
 
high sc.dium problems.
 

A detailed water quality study of the irrigation and 
drainage water.within the recently implemented System 1 :Cs near
ing completion. 
 The study is being conducted as a combined
 
effort of the chemisitry department of the Colombo University
 
Campus and the UNESCO Man and the Biosphere program. The data
 
produced from this work, when available, will provide a base
 
for the evaluation irrigation reuse problems in the project
 

area.
 

Impacts of Salinity Intrusion - 'There isno avail
able infcrmationdescribing the nature and.extent of tidal intru
sions in the lower Maduru Oya and Mahaweli Ganga estuaries.
 
However,.. it"is anticpated that the proposed water regulati 
f
 
scheme will result in an alteration of downstream dry season
 
flows. The planned annual diversion of water from the Mahaweli
 
Genga and the Maduru Oya i- likely to result in a significat. 
reduction of dry season river flows with a-corresponding in--*
 
crease in the extent of the tidal wedges.
 

Increased salt concentrations in the already highly

saline lower river Sections would probably -ake 
these waters
 
unsuitable for irrigation use. More impcrtantly,.perhaps,
 
the salinity levels in the adjacent groundwater could increase
 
and result eventually in salinity accuulations in the soils 
in the downstream areas near 
the mouths of the rivers. Both
 
of these areas presently have fairly extensive paddy cu,.tiva
tion operations. 
 Increased soil salinities could reduce rice
 
yields in these fields. This could be particularly si3gnifi
cant in the mouth of the Maduru Oya if the irrigation supply 
from the Vakaneri Tank were tc increase in salinity from up
stream return flows. -. Thus, high salinity irrigation water 
would be applied to saline soils, further reducing crop 
ou tPu t9
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Effects of Altered Nutrient Supplies 

Nutrignt Lodding on Major Tanks - The existing major 

Farakrama Smawdra. Miinneriya, Iaudulla andirrigation tanks, 

Kantalai, will undergo significant changes inwater balance
 

with the implementation of the Accelerated:Schems. The exist

ing and proposed morphological and operational characteristics
 

of. thase. tankvs are presently in Table 2-8.. Althcugh the high 

and low water levels ill'not differ appreciably from the.exist

ing ones, the amount. of inf low and outflow for the tanks will 

increase signif fcdntly. 

In order to evaluiie.-the-ipact on the potential 

change in eutrophication of the tanks, a sensitivity analysis
 

was made using the nutrient loading model derived by Vollen-


This simplistic model has been used-successfully
weider-(1973). 


on many reservoirs for determining phosphorous loading levels.
 

which, whe exceeded, may result in undesirable eutrophic con
'and
 

ditions (i.e. algae blooms.,,. aquatic weed prolificatict, 

Vollenweider empirically-defined
deteriorated water quality). 


-:i"dangerous" loading tolerance levels-based on encountered.
 

times.ranges.r.f mean reservoir depths"and hydraulic retention 

The derived formula far. the dangerous level of phosphorous 

.Xoading is t 

L W.0.022 + 0.30
 
Tw
 

where L.- phosphorous loading, in "g/m /yr, 

" " - mean depth (volume t- area of the lake)*, and. 

outflow volume).
Tv - hydraulic retention time (lake volume I 

Absolute values for existing phosphorous loadings on 

the. tanks cannot be made due to the *paucity of data. However, 

the Vollenweider m6oel can'give an indication of the effect on 

phosphorous loading due to the proposed changes in inflow-outflow 

volumes for the tanks. .For each tank, the hydraulic retention
 

time will decrease, i.e.the flushing rate will increase. The
 

resulting effect on phosphorous loading will, in each case,
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be tQ lessen the effect of the present dan'ger levels (Table
 

2-8). Thus, the proposed alteraticns in tank operations to
 
meet increased irrigation demands are unlikely to adversely
 
affect the potential for increased eu trophication of these 
lakes. Infact, the increased flow through volumes of water 
should decrease potential eutrophication rates slightly for
 
most of the tank.'
 

Effects of Return Flcw Nutrients on Smaller Tanks
 
and Villus - Unlike the major irrigation tanks in the project
 
area, many smaller tanks and especially villu..s are expected to 
receive relatively large amounts of nutrient salts from
 
irrigation drainage waters. 
 The irrigation return flows
 
will contain high nutrient levels due to the fertilizer runoff
 
from paddy and other crops. This will .probablyresult in a
 
significant increase in eutrophic conditicns for many small 
tanks and most villus. Algae blooms and an overall degrada
tion of existing water quality is likely to occur in these
 
water bodies.
 

Impacts on Estuaries - The construction of a serie. 
of large reservoirs on the mainstream Mahaweli Ganga and MadriuT 
Oya wi. result in a significant reduction of nutrients. which 
normally reach the estuarine portions of these two rivers.
 
The reservcirs'will act as effective nutrient traps. 
 On the
 
other hand, irrigation return flows are likely to contribute
 
nutrient salts to the rivers which will be 
 carried down to the 
estuares, However, these will be inorganic nutrients; much
 
of the organic nutrients will remain in the upstream reservoir
 
sediments.
 

The net effect may be an increase iu inorganic
 

nutrient salts which could stimulate algae blooms and a 1oas 
of organ4c nutrients which play'a separate role in the estua
rine food web. This, combined with a change in river flows, 
vill result in an o%erall alteration of the organic producion 
and energy cycles of the estuarine ecosystems. Normally, 
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changes in the nutrient balance and cycling patterns in estuaries 

have a detrimental effect on aquatic life, especially fish and 

shrimp -species which utilize estuaries as breeding or nursery 

grounds. 

Impacts cn Livestock Use/Aquatic Life-Standards 

Most of the effects due to water- quality changes as 

they pertain- to aquatic life have been. discussed in prior sec

tions or will be covered in the chapter on FISHERIES. However, 

one' particuler seribus: potential impact on 'aquatic life not 

previously mentioned is the likely increase of pesticide 

levels in project area waters receiving agricultural runcff. 

The proposed large scale cultivation.schemes will require con

siderable pesticide use to enhance crop yields. Organochlorine
 

pesticide. Ievels may already be relatively high in projec.t area 

waters... An. increase in these pdsticde- concentrations in
 

tanks, villus, rivers- and estuaries may have significant
 

adverse impacts- on fishery resources and other aquatic life.
 

-Impac.ts of this nature are often exacerbated. by the continuous 

acemulation. of pes.ticide residues.. in the tissues of aquatic 

organisms. 
/ 

Similarly, an increase in pesticide concentrations 

in project area surface waters, especially in villus, could
 

limit their use for livestock consumption. In addition,
 

increased tidal intrusion may render some downstream river
 

sections.and groundwaters unsuitable for livestock drinking
 
purposes.. In general, however,. water quality alterations in 

the project area waters are not expected to significantly reduce 

livestock usage.
 

Impacts on Domestic Use 

Surface waters in the project area, including those
 

in the proposed irrigation and drainage systems, should remain
 

suitable for swimming, bathing, clothes washing and related
 

domestic uses. However, the use for bathing and swimming
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will depend upon the provision of adequate human waste disposal
 
systems. 
 Without them, it is likely that ccntamination of the
 
surface waters with human wastes will occur and thus increase
 
the putential for the sprea, of various*waterborne diseases 
(See the chapter on PUBLIC HEALTH for further details)# In
 
addition, it isunlikely that surface water in the project area

will be suitable for human consumption, especially the return 
flows from irrigation use, since these waters will have high
pesticide concentrations and elevated nitrate levels which can 
cause serious, and occasionally fatal, poisoning of infants due 
to methemoglobinemia..
 

The latter problem may also arise in existing wells
 
which are downstream from irrigated crop lands. 
 Percolation
 
into the aquifers of irrigation waters can result in high

levels of pesticides, nitrate and other toxic substances 
 .z
 
appearing in wells which are used as drinking water supplies
 
Salinity may also increase to unpalatable levels in ground-
water via the same 
transport.mechanisM. 
 These should be rei 
tively isolated impacts, although potentially significant ones,

especially where present wells already exhibit ccmparatrvely...
poor water quality conditions (Table 2-3).
 

RECOMMENDED ACTIONS
 

Proposed Reservoirs
 

There is little which can be done to prevent-or sig
nificantly improve the poor water quality'conditions which are 
anticipated, due to stratification, for the deeper parts of the 
reservoirs. Artificial reaeration of the bottom layers of
 
reservoirs with great depths.would be impractical and would
 
not be economically feasible.
 

Immediate downstream releases from the.proposed
reservoirs are also expected to be of low quality. The quality
 
of these releases could be improved by means of installation"of
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multi-lIvel towers for reser4oir outlet releases; however, the 

hydro-power requirements of.'the proposed reservoirs preclude 

use 6- these type of towers. As stated above, the release
 

water should be reaerated by the natural steep river bed
 

gradients. However, this may not occur for all of the 

proposed reservoirs. In the latter case, it may be advisable
 

to install an artificial reaeration- device, such as a baffle 

system, downstream from a dam which would facilitate oxygena

tion of the water through atmospheric contact. The need for
 

this type of structure can be further investigated following
 

ccmencement of operations at the reservoirs.
 

Due to the nutrient trappingeffect of the dams, 

the productivity of'some downstream reservoirs may be diminish

ed by a reduced nutrient supply. To tncease. potential 

productivity of the reservoirs, cattle grazing should be
 

encouraged on the shorelines and within the drawdown zones
 

•of the. proposed lakes. Lake productivities can be further
 

enhanced by'seeding the drawdown areas with fast growing herbs,
 

which will produce a large amount of organic.detritus following 

re-inundation. Productivity can als6 be increased by the
 

introduction of sewage or other organic wastes or possibly
 

-by means of an artificial upwelling pump.
 

Qality of Water for Irrigation Use'
 

Soil salinity, permeability and perhaps even toxi

city problems (high iron levels) may occur due to the quality 

of the irrigation or reuse water in some localized cultivation 

areas. -Yield reductions which resul- from these kinds of 

problems can be minimized by altering cultivation or ir-iga

tion practices. This could include.some of the following 

- more frequent irrigation, to maintain better water 

availability in the upper root zone;
 

- improved drainage cf surface and sub-surface 

waters;
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- use of more salt tclerant crops; 

- change cf irrigation method;
 

- improvement of the slope or level of land to
 

allow for more uniform water application;
 

- determination of leaching requirements and use 

of extra water for adequate leaching; 

- alterati6n of seeding patterns, fertilizer 

applications, etc.; 

- change or blend water supplies; and 

- addition of chemicals such as gypsum, sulphuric 

acid and sulphur dioxide to irrigation water to 

improve the sodium to calcium ratio.
 

Conservation Flows 

It is recommended that dry season conservation flows 

be maintained in both the Mahaweli Ganga and Maduru Oya to limit 

salinity intrusion near the mouths of these rivers. At present, 

it is uncertain what the dry season flows will be in the rivers 

follow'*g reservoir construction and diversions for irrigation 

usC. -%eturn flows will contribute to the dry season river 
discharges, but the amount of water which may return to the 

river systems after irrigation application is estimated at from 

20 to 30 per cent (NEDEOD ANNEX B, 1979). Thus, releases from 

the proposed. reservoirs may be necessary to augment the dry 
-sesonflows. 

In addition to controlling tidal intrusion, the con

servation flows will also provide the following benefits :
 

- prevention of the formation of isolated pools
 

in the river bed which are prime anopheline mos

quito breeding habitats;
 

- dilution of saline return flows; and 

- maintenance of riverine habitats for aquatic 

life. 
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It is recommended that a salinity intrusion study
 

be made of the existing tidal range in the lower Mahaweli Ganga
 

and Ma-*iru Oya which would include s~mpling for temperature and
 

electrical conductivity or salinity in the estuaries. Samples
 
need to be collected in depth profile along an axis of the low

er river beds at high and low water slack periods, for both
 
spring and neap tides, and for various freshwater discharges. 
Once the extent of the present tidal wedges have been identified,
 

same conservation flow recommendations can then be formulated.
 

Pesticides
 

The large proposed cultivation schemes may result 
in a significant accumulation of pesticides in various receiv

ing waters. This could have serious effects due "o-the cumula

tive magnification of pesticides through the ford chain en
 
fish, wildlife, cattle and even local residents.
 

A strong reccnmendation is made here'.to limit the use
 
of the persistent organochlorine pesticides throughout the
 

project area. Organophosphate pesticides degrade relatively
 

rapidly, and thus, their hazardous effects are considerably
 

less than those of the organochlorine varieties. Organophos

phate pesticides should be employed where possible and, if
 

nccessary, the use of organochlorine pesticides should be
 

strictly controlled.
 

Water Quality Monitoring Program
 

It is recommended that a multipurpose water.quality
 
monitoring program be implemented for the project area. 

This program should include repeated sampling within 
the project area to establish more reliable haseline data on existing
 

conditions, especially as they pertain to agricultural use.
 

In this regard, detailed studies should be made of the present 
irrigation systems. These studies can provide clues to the 
quality of return flows which can be expected from planned 
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irrigation in the area, 

Once cultivation programs are underway, monitoring 
should be made of irrigation supplies and return flows to 
identify potential salinity, sodium or toxicity problems. 
These problems can then be ameliorated by changes in various 
irrigation or management practices to improve crop yields. 
Also, proper fertilizer and pesticide application rates and 
techniques can be investigated. 

The monitoring program should also investigate
 
downstream reservoir releases to determine the -need for
 
installation of reaeration devices. Nutrient analyses should 
also be conducted and productivity evaluated for the proposed 
reservoirs in order to determine the need for nutrient enrich
meant of these water bodies. 

Monitoring should be extended to include analysea, 
of domestic use sources, including potable waters. Close
 
surveillance should be maintained for coliform bacteria, nit-m
rates, pesticides and other toxic substances whic may enter
grouncwater supplies f.ollowing implementation of iLigation
systems ad settlements.
 

At present, there is no governmental agency Which is 
conducting a.water qualty sampling program in the Accelerated 
Program Area. Laboratory facilities are limited, either by 
staffing or equipment. Anew laboratory will be necessary to 
conduct the proposed monitoring program. It is suggested'that 
this laboratory be combined with a soils laboratory and 
centrally located within the proj ect area. The laboratory
 

could be directed through the Irrigation Department, Central 
Agricultural Research Center, Water Resources Board or other 
government agencies. 
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Table 2 - I 

Water Quality from the Project Area 

Rivers and Stream 

mC / neq/l MC/A Agri. 
Sarpo 
Location 

SapeTa.D.C 
Date n 

T .D 
C 09/1 PH 

ad.Hd 
mwil E.C. 

T 
mgA 

! 
aG/i 

otr 
JTI 

As 3 re Ca Kg. Ns K CO 
3 

HC03 C1 30o)4N0s 
4?U 

RSC SA A3ds.1.SI 
De

Clams Coments 

rahavel Ganga, 

at Cicigathena 
None 6 6.8 10 15 10.50 14.50 0.17 CI 

Pabaxell angas 

at Olnigatbana 
10/79 It 24.5 7.8 7.6 32 Ca 

Mairv-eli Gangs 
at Ilapane 

10/79 It 23.5 7.0 7.1 30 CI 
Yahoell Gangs at 

Feradeniya 

5/78 9 7.0 13 35 24 25.5 5.0 0.220 0.23 T 0.08 CI High F 

ahaveli Canga at 4/79 9 7.6 33 78 53 10 0.6 0.80' 0.23 T - CI 
Teradenlaya 
ahaweli Gangs 

at Getembe 

None 6 6.8 15 20 14' 26* 0.11 C1 

K.ahaveli Conga at 
Primrose Hills. 

11/60 1 7.6 35 0.15 0.14 0.13 0.51 CI-3I 

Phawel Cangs at 
Primrose Hills 

12/60 1 7.7 50 C1 
YAhuweli Gangs at 
Primrose Hills 

1/61 1 7.5 60 
GO 

rataveil Cangs at 
Prmrose Hille 

3/61 I 7.4 55 C1 
rahaveli Gangs at 

Priarose Bills 
4/61 1 6.9 35 C1 

Nlhavell Gang& at 

Primrose Bills 
5/61 I 7.6 35 C1 

P' awell Cags at 

Primrose Hills 

6/61 I 7.3 30 0.34 0.08 0.03 0.19 C1-31 

Malaveli (Maga at 

Primrose Hills 

7/61 1 7.0 40 0.2! 0.11 0.02 0.31 01-41 

"ahaveli Gangs 
at Polgolla 

5/79 9 6.2 25 115 74 64 1.6 0.720 0.39 T 0.13 c1 Low pH,HigLh F. 
PMahosei Gang, 6/79 9 7.2 45 30 20 0.4 .28 H.40 Pe 

at Polgola - C 
Fahaweli Ganga 

at Folgolla 
Hhaweli Gangs at 

Ukuwela Power Outlet 

7/79 

5/79 

9 

9 

7.4 12 

7.0 20 

52 

45 

34 

30 

15 

8 

1.2 

0.7 

0.40' 0.23 

0.160 0.34 

? 

T 

0.55 

-

CI 

C1 

High MN. 

Kaboweli Cang at 

Victoria Dam Site 

11/79 11 24.5 8.0 6.8 60 0.35 
0 

0.13 0.12 0.61 0.I3 0.24 0.10 Cl-SI 
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Table 2 - I 

(Continued) 

Sample 
Locatim Date o 

Temp.D.0.D... 
bc m/l p 4/1 ijc*. tiiUS W- Turb. An 

-g/1 

9 ?s Ca g IN K 

ii.'l 

CO BCO3 c 5 N, 

891 

o _/C s SM 

Agri. 

..Clad Come at 

abhaweli Canga 

at Nshiyngane 
Mabeveli Cang 

at Manampitiya 

11/79 

4/79 

II 

7 

26 7.7 7.0 

8.0 50 

95 

1810 1270 110 <0.02 0.20 12 

0.53 

0.85 

0.22 

0.16 

0.15 

0.65
+ 

-

-

1.15 

1.29 0.28 4 I 0.04 

0.40 

0.28 

0.24 

0.91 

0.24 

1.00 

CI-S1 

C1-SI High Fe 

)Ahaveii Conga 

at Nanampitlya 
ahaealI Oangsa 

near Chundankadu 
Fahavel Cangsa 

at Nutur 
Walaeli Ganga-Eot 

Fork at Verugal 
Kotmale Oa at 

Dan site 

11/79 

11/79 

11/79 

11/79 

3/63 

II 

II 

11 

II 

7 

28 

30 

29.5 

29 

7.2 6.8 

5.4 7.0 

5.4 7.0 

5.7 6.9 

7.2 14 

90 

132 

2120 

107 

40 35 35 45 

0.53 

0.66 

1.23 

0.50 

0.22 

0.34 

0.20 

0.21 

0.22 

13.2 

0.18 

-

-

-

-

0.94 

1.35 

1.81 

1.15 

0.24 0.17 T 0.02 

0.19 

0.35 

0.45 

0.34 

0.31 

0.30 

0.27 

0.34 

0.27 

Cl-SI 

Cl-SI 

C3 

CI-SI 

C1 

High HC03 0 
salini ty 

Kotals Oya at 

Dan site 
Kotmale Oya at 

Dan site 
Kot-ale OYa at 

Dan cite 
[otmale Oya at 

Danmcite 
Wotmale Opa at 

Dasite 
Kotamle Oyp at 

Dam site 

6/63 

6/63 

3/70 

9/77 

12/77 

10/78 

7 

7 

7 

7 

7 

7 

7.2 

6.4 

7.2 

7.2 

6.7 

6.7 

10 

10 

9 

10 

10 

25 

50 

50 

18 

19 

27 

'25 

40 

22 

17 

13 

24 

20 

90 

20 

10 

140 

e 1.2 

-

0.3. 

Z.05 

0.10 

0.46 

0.12 

0.08 

0.04 

0.07 

0.23+ 

0.25
+ 

0.33 
+ 

0.20 

0.20 

0.16 

0.16 

0.18 

0.30 

0.17 

0.28 

0.17 

0.20 

0.23 

0.17 

3 

3 

3 

T 

T 

T 

0.01 

0.04 

0.26 

-

-

0.11 

0.77 

0.50 

1.07 

-

-

CI 

CI 

C 

CI-31 

Cl-S1 

C1-S1 

Low pH 

High xf 

gotmals 0ya at 

Dam cite 
Kotmals Oya at 

Talawakells 
Kotaile Oyp at 

Talavakells 

10/79 

None 

10/79 

11 

6 

It 

22.5 

21 

8.2 

8.6 

7.0 

7.1 

7.1 

10 

32.5 

15 

30 

10.5- 9.50 0.14 

CI 

CI 

CI 

Trib. to otmls Oya None 6 7.0 10 12 8.4' 11.60 0.14 Cl 

Trb. to Kotaals Oya 

at Namboda 
10/79 II 20 8.2 7.0 16 

CI 

Trib. to Fabaueli GOnga 
at Nt. Pleasent 

Bulu Canga at 
Radulels 

gone 

4/79 

6 

10 24.5 

7.0 

7.2 

10 40 

49 

.28' 18' 0.17 C1 

CI 
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Table 2 - I 

(Continued) 

Scation 

S 

o".?eaa .O. Bard. TESS 7r1. au 

bell 

B F CaC0 

-eq/1 .1/1 

IBulu Conga at 

?eldenja 
lraOya at 

BunasgirlyaEurudu Oyu 

at WatuaullaUlbItiya Oya rear 

eligalla 

Daeatoa" 

None 

llon. 6 

6/79 9 

11/79 II 

pn c 

7.0 25 
Tleys702 

7.0 10 

7.0 20 

27 7.4 7.2 

E.C. 

40 
40 

27 

35 

158 

n1 

28' 
29 

10.9. 

24 

j] 

2002-0.20 

13.10 

JT; 

6 

Ae 

0.50 

0.84 0.31 

Na 

0.46 

K CO RCO3 

0.26' 

1.73 

C1 

0.23 

0.i7 

504 KO3 VS 

T 0.04 

po 4 ISC 

0.58 

3AR 

0.61 

Adj.
SAR 

0.79 

Use
Class 

CI 

CI 

CI 

0-3i 

Coaaiants 

nich sco 
ftban Gacea 11/60 1 7.4 75 60 

a t E l h ra 0 .21 4 0.17 0. 09 0.52 0-3 1 
.r.ban Can-a 
at Elahera 

12/60 1 7.7 175 110 

L manCanra 1/61 1 7.7 170 Cl 
at Elabera 7 1 

L tar, C a znga 2/ 61 1 7.6 110 70 2 Cl 
at El,.herm 0.02 0.17 0.05 1.08 0- .5 

a-MtbnCanga 
at Elahera 

3/61 1 5.0 200 125 

Ambn Canga 
at Clahers 

4/61 I 
at E 
8.1 

beCt 
225 146 CL plF 

Amban Granga 5/61 I 8.0 200 125 C 

at Elahera 

Azten Canca 6/61 I 7.7 180 115 1.9e 0.31 0.04 03 

at Elaera1 

A 1an a hCa~C 7/ 6 1 1 0 .0 170 10 5 1 .7 50 .320. 

tC.20 0.03 
.m--an canes 
at Elahera 

d/79 10 29 7.3 270 

0.21 CI-SI 

Amban Can- a 11/79 It 26 7.8 7.0 E2 0. 
at glahera 0.52 0.24 0.14 0.98 0.22 0.23 0.21 C-31 

Amban Caria 
at Rattota 

Ron. 6 7.0 15 40 28- 240 .14 01 

Ashen Cana 
at Rattota 

1972 4 00100 
Amban Gan~a 4/79 10 26 6.3 108 

Trib.
at Rattotato Amban Gana ,/79 10 30.5 7.3 370 

C2 

at Naula 
C2 
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Table 2 - I 

(Coctinued) 

sample 

Locatlom 

Naduru Oya 
neat Vagavtta 

Maduru 0ya 

at Damnsite 
ddU u Gat at 

Madur u m at 

Date 

11/79 

4/79 

5/79 

11/79 

0 

I1 

7 

7 

II 

Temp. 

cc 

27 

29,5 

D. . 

ma/i pH 

7.5 7.2 

7.8 

7.3 

5.4 7.4 

m/I~Ads 
Hard. TD5 GS Turb. .kg B 

mg/i C.C. mc/i m/i JTIP3 

82 

23 1360 95' S5 <.02 O.O 

53 227' 159' 6 4.01 <0.10 

30 

r 

10 

0.16 

Ca 

0.40 

0.30 

0.62 

0.92 

Ag 

0.19 

0.16 

0.44 

0.42 

ueq/ 

Ma K 

0.34 

0.7+ 

1.42 

0.76 

CC , IlCO Cl 

34S3N 

-1.03 

1.29 0.28 

1.70 0.71 

- 1.77 

29/1 

S 4 Ns 5oH 3P 4 

0 

2 0.08 

4 0.08 

ESO 

S 

0.44 

0.83 

0.64 

0.43 

SAN 

BR 

0.63 

1.81 

1.95 

0.93 

Agri.Ua.o 
SAi C ass.ents 

BRCas 

0.57 CI-SI 

1.45 Cl-SI 

2.15 C-SI 

1.21 C2-81 

CoA 

Cmet 

High Fo 

Nigh nCO, 

High BCO 

Raduru Gym at 
Vai1chcbenal 

11/79 II 31.5 7.1 6.9 1700 1.21 12.6 - 1.73 C3C3 High HCO3,ihty
salinity"o 

- Calculated 

T - Trace 

* = Combined values 
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'-.l= 2 - 2 

:A rtrC - try '-)t this Proje ct :.rc a 
T". l;:, Villu rnd L.,joons 

mc/I asq/l ag/h 
Agri. 

o To. D.0. Bar4. TDS Tur. SL Al A. p Fe Ca Kg Re K COA BCO, Cl 804 103 4 CC 

Upear Lagoon 11/79 II 

Lc 

31 

ajl 

7.1 

pH 

7.5 

w&/i E.C. mg/I 

32430 

JTU 

3.29 

AR BAR z-Clss Coaents 
ngh HCO, 
oolinity 

Ceangla Villu 11/79 II 29 3.7 6.7 175 0.68 0.36 0.69 1.64 0.60 0.96 1.15 Cl-S1 High BCO3 
araFolsvin 11/79 II 31 5.7 6.7 260 0.64 0.42 1.00 1.56 0.30 1.26 1.51 C2-S1 High HCO3 
utuc.alla Villa 11/79 11 32 6.4 6.8 875 1.68 1.21 1.60 1.07 - 1.33 1.86 C3-S1 High salinity 

Velankada Villu 11/79 II 32 5.0 7.1 500 2.4: 1.80 1.40 0.41 5.27 0.99 0.96 2.11 C2-S High C03 
Velankada Villu 11/79 II 30 5.9 7.3 180 0.94 0.51 0.30 - 2.06 0.61 0.35 0.49 CI-1 High BCOD 

Inlet Stream 

orabor soae 11/79 II 32 9.6 8.1 175 0.64 0.35 0.77 - 1.93 0.94 1.09 1.31 C1-1 igh 1CC3 
Girandurnlotte 11/79 5 7.4 134 300 276 1.70 0.990 0.72 3.21 0.20 T t 0.52 0.62 1.12 C2-St High HCO3 

Tank 

Alai Tank 11/79 It 30.5 4.7 7.7 525 0.90 0.42 0.63 - 1.85 0.53 0.78 1.01 C2-1 High BCO3 
Piaburttava Tank 5/79 7 7.0 57 1941360 1 L.oi .4o.I 0.08 0.72 0.41 1.06 1.70 0.40 1.5 0.04 0.57 1.41 1.55 Cl-SI High BCO3 
Vakaneri Tank 11/79 II 33.5 11.0 8.4 425 0.79 0.394 1.20 - 1.73 0.55 1.56 1.87 C2-S1 High BC 3 

Parakrme Samudzu 11/60 I 7.9 190 120 0.42 0.19 0.08 0.41 CI-SI 
Parakyams Samudra 12/60 1 7.4 190 120 C1 

Parakram Samudrs 1/61 I 7.4 190 120 Cl 
Perakramm Samudra 2/61 I 7.5 160 1o 40.29 0.26 0.05 0.68 CI-SI 

Parakraum Smdra 3/61 I 7.9 110 112 CI 
Parakra a Saundra 4/61 I 8.0 190 120 CI 

Parakraam Samaura 5/61 I 7.7 200 125 C1 
Parakrawi Samudra 6/61 I 7.9 PM0 125 2.07

+ 
4. 0.45 0.07 0.44 CI 

Parakram Saudru 7/61 I 8.5 .-5 146 2.22 0.40 0.06 0.38 Cl 
Parakramn Samudrs 8/65 

8/66 
3 8.2 221 9.55 1.12 0.78 0.37 0.09 2.22 0.24 3.0 0.32 0.38 0.57 CI-SI Averages of 

1 yr samplee 
Nigh RCC3 

Parakrama Samudra 12/65 
2/66 

3 175 Cl Average 

Parakrams Saudr 6/" 3 263 C2 Average 
8/66 

Parakrea Saimu, 11/79 i1 30 7.3 7.7 165 0.92 0.49 0.27 2.14 0.73 0.32 0.48 Cl-S1 .igh iCC5 
Parakras 5amudre 
Doanitream Irri-
gtiom water 

5/64 2 8.1 225 8.90 0.02 0.02 1.06 0.84 0.38 0.06 2.25 0.36 0.02 0.35 0.39 0.62 CI-l1 Average of 
I yr samples 
High 33 
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Table 2 - 2 
(Continued)
 

R 

3 rleLoalmDate 

Almner i,. Tank 
Niamarla Tank 

Uinneriya Tank 

Ninnorlya Tank 
Iinnerya Tank 

lnneriya Tank 

Uimerlya Tank 

Ainnerlya Tank 

U'nmerlya Tank 
4innerly Tank 

!/60 

12/60 

1/61 

2/61 

3/61 

4/61 

5/61 

6/61 

7/61 

8/6 

Tom.0 od-

1 
1 

1 

I 

1 

I 

I 

1 

1 

3 

D.O.UdLl PR 

8.4 

8.0 

7.9' 

7.8 

7.6 

7.9 

8.0 

8.1 

8.3 

8.2 

Nord. TD Turb,,A1mgl XC-,g/1 JTq] 

250 160 

230 148 

200 125 

220 145 

250 160 

250 160 

250 160 

250 160 

250 160 
240 6.70 

Al 

mg/I 

An B Fe Ca Rg 

1.05 

l.70 

2.19k 

2.25 
1.20 1.09 

Ba 

0.64 

0.31 

1.33 

1.20 

0.44 

ro-j/l 

K 

0.29 

0.07 

0.16 

0.14 

0.11 

C0 1CC3 Cl
3SC3C 

2.52 0.39 

8
04 

3.5 

ad, 

0 4 
1103 F4 RC 

0.23 

A 
SX 

0.88 

0.33 

1.27 

1.13 

0.41 

d . Cso
Aj s 

S0.8 C-lC 

C2-31 

Cl 

CI 

C!-1 

C2 

C2 

C2-S! 

C2-31 

0.70 01-SI 

e 

Average of 
I yr samples 

dlnerl a Tank 

fioaeripa Tank 
JU1nerlya Tank 

.Annerlya Tak 
D.EntraT Irr/-

Cation water 
*.audulla Tank 

T40k 

:antalai Tank 

12/65 3 

2/66 

6/66 3 
8/66C211/79 11 

5/64 2 

11/79 II 
8/65 36/66 

12/65 3 

30.5 

29 

8.2 

6.3 

7.1 

8.0 

7.2 
8.0 

191 

3Ar 
312 
95 

272 

155 
210 

163 

6.35 

4.80 

0.05 

0.04 

0.52 0.29 

1.11 1.13 

0.81 0.45 
00talai 
0.88 0.82 

0.17 

0.58 

0.30 

0.43 

0.00 

0.13 

-

-

1.15 

2.52 

1.61 

1.97 

0.54 

0.45 4.0 

0.03 

0.34 

0.28 

0.35 

0.26 

0.27 0.57 

0 
0.55 0.06 

0.3 80.49 

0.47 0.66 

C 

C1-SI 

C2-l 

C- 1 

Cl-S1 

BIa bvera 3 

wrg 
r 

Righ 3C03 

ighB C 

0 

Average of 
I yr samples 

-Amtalal Tank 

R a talat Tank 

2166 
6/66 

8/662 
11/79 

3 

It 32 7.7 6.9 

286 

162 0. 73 .51 0.31 1.81 0.57 0.39 0. 55 

C 

C 

- S 

Ig BC03 

vrg 

vere 

1 b CO , 

a- Calculated 

- Trace 
- Combined values 
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Table 2 - 3 
'ater Quclity from the Project Area
 

Oroumdwa ter 

Sample
Locatlo Date i 

Hard. 
/i N.C. 

TM3 
Mg/i 

58 Turb. i'l 

FeU 
meq/l 

___ 

0 

__ 
m/A 
__ __ __ __ 

Adj. 

igri. 

use 

Rahiyangane 6/79 9 6.8 225 150 16 
SFe 
1.0 

Ca Fg me IK HCO3 
3.60-

C1 
0.34 

304 no3
T 

1XR C SA SAS Class boummntih 0. 

Bore hole CI High BC0 3 To 
System C 

v.11 5 

8/78 8 8.4 423 2.42 2.50 0.88 0.07 5.28 0.49 0.36 0.56 1.29 C2-t1 Dub HCO 

system 
Vell 

C 

6 
8/78 8 6.5 138 0.34 0.21 1.15 0.03 1.00 0.55 0.53 

05 
2.19 1.53
.915 

C1-,I
I3 

System C 

Well 7 

8/78 a 7.7 169 0.55 0.25 0.89 0.05 1.17 0.73 0.37 1.41 1.27 Cl-S1 

SymtemC
Vell 8 

8/78 0 7.5 176 0.32 0.69 0.71 0.10 0.'70 1.03 - 1.0 0.80 C1-SI 

System C 
eil 9 

8/78 8 7.6 114 0.34 0.38 0.80 0.05 0.83 0.24 0.11 1.33 1.20 CI8I 

System C 

Veil 10 

8/78 8 7.6 85 0.42 0.11 0.50 0.01 0.98 1.25 0.45 0.97 0.68 C1-81 

SysteCi 

Vell 11 

8/78 8 8.1 367 1.55 1.29 1.90 0.04 1.56 0.97 - 1.59 2.54 2-81 High CO3 

System C 8/i8 8 8. 578 
Veil Ii 

;.02 1.08 1.70 0.03 6.65 1.03 4.55 1.66 3.32 C2-31 Very high RSCI Hih. 
dJ. SAit, 8003 

System C 8/78 8 7.4 104 0.53 0.06 0.46 0.01 1.17 0.24 0.58 0.85 0.68 C-SI 

Weil 13 
System C 

Veil 143 

8/78 8 7.3 106 0.42 0.28 0.71 0.02 1.76 0.73 1.06 1.20 1.44 C1-1 Nigh 300, 

System a 

Veil 16 
System C 

V.11 17 

8/78 

8/78 

8 

8 

8.1 

7.9 

176 

155 

0.55 

0.69 

0.62 

0.57 

1.10 

0.58 

0.02 

0.02 

2.35 

1.78 

0.49 

0.73 

1.18 
11 

0.52 

1.44 2.02 

.4Ng 

0.73 0.95 

CI-SI 

C1-,1 

Sigh NC0 3 

C 

High C03 

Syotem C 8/78 8 7.9 367 0.81 3.39 2.00 0.03 3.72 1.03 - 1.38 2.90 C2-,1 nSIh 3003 

System C 

Veil 193 

8/78 8 8.2 324 2.04 1.31 0.75 0.05 3.72 0.97 0.37 0.58 1.16 C2-81 High HCO3 

System C 
Veal 20 

System C 

Well 21 

8/78 

8/78 

8 

8 

7.4 

7.8 

190 

310 

0.64 

0.76 

1.06 

1.23 

0.49 

1.80 

0.C2 

0.04 

2.32 

3.33 

0.97 

0.85 

0.620.53 
06 . 
1.34 1.80 

0.800C-I 
.0C-1 

3.06 02-SI 

Nih 3003 
Bc C 

High SC, BC0 3, Adj. SAN 
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Table 2 - 3 
(Cont inued) 

Sample 
Location tt 

Hard. T153Hm~BC.m~ 
W N.C. a/i 

5~l 
of/, 

TurN-J.U 
j 

o 
Fe 

o 
CL 

F H 

.,'1qI 

K 
K 

.eO C1 so 4 
4 

3/1 

1103 WH R Q Ad.At 
SAN 

Agr. 
Usee 

Clas 
Comeents 

System C 7/79 5 7.2 98 400 373 2.15 1.81 1.09 0.00 4.41 0.31 T - 0.45 0.77 .62 C2-2 High CO3 

Veil1 

System C 
Veil 6 

System C 
Veil 7 

System C 
Veil 11 

7/79 

7/79 

7/79 

5 

5. 

5 

7.0 

6.8 

7.4 

107 

91 

150 

300 

250 

370 

242 

183 

310 

1.65 

l.U0 

I.1'5 

0.49 

0.e2 

1.15 

1.00 

O.e3 

O.96 

0.05 

-

-

2.72 

2.02 

3.33 

0.34 

0.31 

0.28 

T 

-

24.0 

-

-

-

0.58 

0.20 

0.33 

0.97 

0.87 

0.78 

1.55 

1.31 

1.48 

C2-,11 

C2-S1 

C2-31 

High BCO 

High HCC 

HiNh BCO3 

System C 
Well 12 

System C 
Well 14 

Sytel 1 
Voil 16 

7/79 

7/79 

7/79 

5 

5 

5 

6.4 

7.6 

6.2 

72 

208 

60 

180 

1600 

170 

156 

1284 

142 

0.70 

1.3i 

0.3' 

0.74 

2.00 

0.9O 

0.78 

11.96 

0.78 

-

0.69 

-

1.79 

13.37 

1.59 

0.17 

0.25 

0.27 

-

96.1 

-

-

-

-

0.35 

9.22 

0.39 

0.92 1.29 

8.30 20.75 

1.01 1.21 

C2-31 

C3-32 

CI-81 

8ich HCO3. Low p2 

Very high RSc.Adj. SARi, 
IWO 3. alinity 

High BC0, Low pH 

System C 
Veil 17 

7/79 5 6.4 60 200 182 C.55 0.66 0.96 0.08 2.10 0.28 - - 0.89 1.23 1.60 Cl-SI High COs, low pH 

Syateu C 
Veil 4 

7/79 5 6.8 500 C2 

3pate. C 
ell 20 

System C 
Veil 20 

System C 
Well 22 

Polonnaruva 
Veil 

Polonnarua 
Vell 

Imdurubela 
Veil 

Kaduruvela 
Vell 

7/79 

7/79 

7/79 

None 

Ilone 

None 

None 

5 

5 

5 

6 

6 

6 

6 

6.0 

6.6 

6.6 

8.1 

7.4 

7.4 

7.2 

300 

260 

355 

390 

500 

750 

570 

600 

480 

480 

650 

420r 

336' 

336 

4550 

180 

96' 

960 

350 

0.10 0.82 

0.65 

0.65 

2.18 

0.01 

C2 

C3 

C2 

C2 

C2 

C2 

C2 

Low pH 
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Tabe 2 

(Continued) 

Samp 
Location 

!ingurekgoa 

Veil 

Dat 

None 6 

p 

8.1 

g 

95 

S.Card. TL/ 
.C. g/i 

200 1400 

SS 

0' 

Turb. 
10 

Fe Ca VC N K HCO CI 

0. 31 

SOA 
S SC "A dj.

AR UseClams 

C 1 

Coment 

H ngu zagoda 
Veil 

lone 6 7.2 850 150D 1050. 210. 
7.62 C3 ih Cl High salinity 

Bingurakgoda 
Veil 

ingurakoda
Veil 

None 

1972 

6 

4 

7.2 685 1700 1190. 

500Vel0.20 

280' 
4114.11 

2Vr 
2 

C2-31 

ve 
i h I ih m lnt 

ryhigh C . High salinity 

Kinneriya 

Dutch Point 
Well 

1972 

tons 

4 

6 7.2 300 

300wn0.80 

600 d20' 52 2.14 

C2-31 

C2 
Trincomalee None 6 7.2 255 1250 8750 656 

Wl l 6 .3 2 0 3 i h C , a l i n t y 
TrincomleeWell 

Vallchchana 
well 

None 

None 

6 

6 

8.2 

7.7 

e25 

145 

7500 

350 

5 500 

2450 

410. 

1000 

59.24 

0.87 

-

C2 

Very high Cl, salinity 

PolaeennaduWell gone 6 7.4 300 500 350' 620 1.04 C2 

hatticaloa 
Veil 

None 6 7.6 250 500 350- 142 1.24 0.03 C2 
hattioala 
Well 

None 6 7.8 650 5000 3500 ' 0. 

KalledyWell Wane 6 7.2 60 125 88' 3e0 
.47.96 
0.34 

04 
C1 

Very high Cl, salinity 

- Calculated 

7 - Trace 
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Table 2 - 5 

Significance and Interpretation of Quality Class Ratings 

Presented in Table 2 - 5 and for Residual Sodium Carbcnate 

-SALINITY 

Lcw-salinity water (Cl) can be used for 
irrigation with most crops on most soils with 
little likelihood that soil salinity will 
develop. Same leaching is required, but this 
occurs under normal irrigation practices except 
in soils of extremely low perneability. 

Mediuum-salinitv water (C2) can be used if 
a moderate amount of leadcing occurs. Plants 
with moderate salt tolerance can be grown in 
most cases without special practices for 
salinity control, 

Hich-salinitv water (C3) cannot be used on 
soils with restricted drainage. Even with 
adequate drainage, special managermnt for 
salinity control may be required and plants 
with good salt tolerance should be selected. 

SCDIU4 

La.-sodium water (Sl) can be used for 
irrigation of almost all soils with 
little danger of the development of 
harrful levels of exchangeable scdium. 
However, sodium sensitive crops such as 
stone-fruit trees and avocados may 
accumlate injurious concentrations of 
sodium. 

Medium-sodium water (S2) will present an 
appreciable sodium hazard in fine
textured soils having high ..cn-exchange 
capacity, especially under ig-leading 
conditions, unless gypsum is present in 
the soil. The water may be used on 
coarse-textured or organic soils with 
good penreability. 

Very high salinity water (C4) is not suit- High-Sodium water (S3) may produce harn-. 
able for irrigation under ordinary conditions, 
but ray be used occassionally under very 
special circumstances. The soils must be 
pezneable, drainage must be adequate, irriga-
tion water must be applied in excess to pro-
vide considerable leaching, and very salt-
tolerant crops should be selected. 

RESIDUAL SCDIA 

ful levels of exchangeable sodium in 
most soils and will require special 
soil mmagement-good drainage, high 
leaching, and organic matter additions. 
Gypsiferous soils may not develop 
harmful levels of exchangeable sodium 
from such waters. Chemical mrend
ments may be required for replacm-ent of 
exchangeable sodium, except that 
amendents may not be feasible with 
waters of very high salinity. 

Very High Sodium Water (S4) is 
generally unsatisfactory for irrigation 
purposes except at low and periodic mediu 
salinity, .h-ere the solutimn of 
calcium in the soil or use of gypsum or 
other amendments can make the use of 
these waters feasible. 

level (me /l) 	 Classification 

< 1.25 	 Generally safe for irrigation use 
1.25-2.50 	 Marginal for irrigatim use 

> 2.50 Not suitable fr irrigation purposes 

Source : U.S. Department of Agriculture (1954) 
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Table 2 - 6 
Guidelines 	 for the Interpretation of Water Quality for Irrigation. 

From Ayers and Westcot (1976) for the FAD. 

Degree of Problem 

Irrigation 	Problem No Increasing Severe 
problem Problem Prcblon
 

Salinity 

EC (icrarhos/cn) <750 750-3000 >300 

Specific ion toxicity (affects sensitive crops) 

Sodiun (Adj. SAR) < 3 3-9 > 9 

Chloride (meq/l) < 4 .4-10 > 10 

Boron (mg/l) 	 <0.75 0.75-2.0 > 2.0 

Miscellaneous effects (affects susceptible crops) 

NO3-N (or) NH4-N (m;/l) <5 5-30 > 30 

HOO3 (neq/l) - overhead sprinkling <1.5 1.5-8.5 > 8.5 

pH Normal Range 6.5 - 8.4 

Recam nded maximum levels 

For selected trace elements 

AlumInium - Al (mg/i) 5.0 

Arsenic - As (mg/i) 0.1 

Iron - Fe (mg/l) 5.0 
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Table 2 - 7 

Chlorinated Pesticide Residues in Project
 

Area Surface Waters 

(Results are in micrgra, ./liter) 

Sample Location 
Aldrin Dieldrin (Total 

ICH) 
Endcsulfan Total 

MT 

Mahaweli Ganga 
at Victoria Dam Site 0.01 0.06 0.17 - 0.05 

Mahaweli Ganga 
at Mahiyangana 

Mahaeli Ganga 
at Mananpitiya 

0.03 

0.01 

0.04 

-

0.15 

0.13 

0.14 

-

0.23 

0.07 

Mahaweli Ganga 
ear Chtrdankadu 0.14 - 0.23 - 1.63 

Mhaweli Ganga 
at Mutur 0.07 - 0.22 - 0.41 

ahaweli Ganga 
East Fork at Verugal 0.06 - 0.21 - 0.34 

}(otxnale Oya 
at Dam Site 0.02 0.04 0.21 0.06 0.47 

Ulhitiya Oya 
near Beligalla 0.04 0.05 0.17 0.02 0.07 

Maduru Oya 
near Wagaaatta - - 0.13 - 0.17 

Maduru Oya 
at Welikanda 0.04 0.20 0.16 - 0.20 

Maduru Oya 
at Valaichchenai 0.06 - 0.19 - 0.38 

Upaar Lagoon 

Gengala Villu 

Karapola Villu 

Mutugalla Villu 

Velankada Villu 

0.06 

0.04 

0.07 

0.12 

0.02 

-

-

0.06 

0.13 

-

0.19 

0.24 

0.19 

0.19 

0.20 

-

0.03 

0.10 

-

-

0.31 

0.21 

0.38 

0.22 

0.14 

Velankada Villu 
Inlet Stream 0.01 0.14 0.20 0.04 0.27 

horabora Wewa. 0.02 0.04 0.17 0.07 0.06 

Allai Tank 0.07 - 0.15 - 0.48 

Vakaneri Tank 0.07 - 1.56 - 0.14 

Parakrara Samudra 0.04 - 0.22 - 0.13 

Minneriya Tank 0.04 0.03 0.17 - 0.25 

Kaudulla Tank 0.02 - 0.18 - 0.12 

Kantalai Tank 0.06 - 0.23 - 0.53 

Source: Sanples were collected by TAMS in Noveiber, 1979 and analyzed by the 
Central Agricultural Research Institute, Peradeniya.
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Table 2 - 8 

Morpological and Operational Alterations" for Existing Major Tanks 

arakramra Samudra, Minneriya Tank Kaudulla Tank Kantalai Tank 

Characteristics - Fe- Prz- Fu-." Pre--' Pre- .. uu-
sent ture sent ture sent tuzxe seit" "ture.
 

high water level 
Elevation (m) 58.5 58.5 93.7 93.7 69.5 69.5 56.9 56.9 

Low water level 
Elevatiai (m) 51.5 51.8 82.1 82.4 64.0 64.3 46.5 47.4 

Elevation. 
(M) 55.1 56.1 90.3 89.7 66.9 65.9 54.5 53.8 

Mean Area. 

Water(n Storage 15. 17.6 17.0 15.8 12.5 8.8 13.7 12.1 

Level (n)
Mean Depth 

57 73 81 75 27 18 51 44 

(M) 3.8 4.1 4.8 4.7 2.2 2.0 3.7 3.6 

Natural 
Mean Inflow 26 26 61 61 21 21 69 69 

Irrigation 
Annual Return Flows 0 0 - 0 0 0 0 0 

Inflow Releases from 
upstream 123 197 480 604 157 306 109 184 
source 
Total 
Inflow 149 222 541 665 178 327 178 253 
Irrigation 
Releases 145 213 143 149 173 322 164 245 

Mean Releases to 
Downstreamn 
Tanks 0 0 392 504 0 0 0 0 

Annual Lvaporatio -

Outflow 

Eapotrans
piration 
Flood Spills 

6 
0 

6 
0 

6 
-

6 
3 

6 
0 

5 
0 

5 
9 

5 
2 

(nan) ______ 

Total 
Outflow 151 220 541 663 179 327 179 252 

hydraulic 	Retention T.me (yr) 0.38 0.33 0.15 0.11 0.15 0.06 0.28 0.17 

Dangerous Level of Phosphorous 
Loading (gm/m2/yr) 0.52 0.57 0.70 1.24 0.62 1.03 0.59 0.77 

Sorce : 	 NLDO (1979) Annex B 
Vollenweider (1973) 
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CHAPTER 3 

FISHEIRIES 

EXI STIIC CONDITIONS 

Fish Fauna of Sri Lanka 

There are about 60.species of fish found in the freshwater
 
of Sri Lanka,(Munro, 1955; Fernando and Indrasena, 1969; Fernando,
 
1973), 
 About half of these species are cyprinids, Including small 
very abundant minnowsifike Barbs, Rasbora and Danio which serve 
as forage for large--carniverous fishes. 

About 20 of the freshwater species are valued as food fish
 
(Indrasena, 1965; Fernando and Indrasena, 1969). 
 These are the
 
following : 

SCIENTIFIC MNAME 

Barbus dorsalis 


Barbus sarana 


Carassius earassius 


Cyprinus carpio 

Labeo dussumieri 

Tor khudree 


Clarius teysmanni 

Wallago attu 


Ompok bimaculatus 


Heteropneustes foasilis 


Macrones 22p. 


Ophiocephalus striatus 


Ophiocephalus marulius 
Etrophis suratensis 


Tilapia mossambica 


Anabas testudineus 


Osphronemus -gora-m 

;3-1.. 

COMMON NAIM 

Long Snouted Barb
 

Olive Barb
 

Crucian Carp
 

Common Carp 

Common Labeo 

- hashier 

Spotted Catfish 

Freshwater Shark
 

Butter Catfish
 

Stringing Catfish
 

Catfish
 

Striped Snake Head
 

Giant Snake Head 
Banded Etroplus
 

Tilapia
 
Climbing Perch
 

Giant Gourami
 



SCIENTIFIC VIAtZ COMMON NAME 

Glossogobius giuris Bar-eyed Goby 

Macrognathus aculeatus Lesser Spiny Eel 

astacembelus armatus Spiny Eel 

At least 15 foreign species have been introduced as potential
 

food fish..(Fernando, 1976; NTS, 1979) of which 4 have establis'id
 

sizeable populations. These are Common Carp, Prucian Carp, 

Tilapia and Giant Gourami. Tilapia (T. Moaaambica) has increased 

freshwater catches significantly since its introduiction, and
 

this species-normally comprises 50 to90.pe-cent of the catch 

by weight from tanks and villus (Fernando and Indrasena, 1969; 

Department of Fisheries and Department.o.f Census"abd Statistics, 

1973; Fernando, 1976).
 

Endemic Fish Species
 

Crusz and Nugaliyadde (1978) report that Ehere are a 

total. of 16 endemic fish species which occur on the island of 

Sri Lanka.. Most of these can be found in the wet zonie of the 

Country... 

Data on endemic fish species (as well-as other endemic
 

flora and fauna) pertainin,6 to their distribution within the 

aMahaweli Accelerated Program area were gathered at workshop 

as part of the "Endemic Species Seminar" sponsored by TA14S in 

December, 1979 and held at the Natural History Museum in 

Colombo. The data collected represent the most up-to-date 

tnformation concerning the distribution of endemic fishes within
 

the project area. These data are summarized in Table 3-1 along 

with other relevant ecological information about the species. Of the
 

8 endemic fishes listed in Table 3-1, all but one have relatively
 

widespread distribution in other parts of the country. The Sri
 

Lankan Barb, which is a newly identified species, is restricted
 

to a few small tributaries within the Amban Ganga drainage. 
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_____________ 

Most of the endemic fishes inhabit small up-country
 

torrential streams. Two species, Two Spa': Barb and Mountain
 
Labeo undergo annual upstream spawning migrations. The
 
Mountain Labqo may in fact move out from tanks and up the main
 

rivers to its breeding grounds.
 

Inland Fisheries Development
 

The Sri Lankan Ministry of Fisheries has recently
 

established an "Inland Fisheries Division" with the basic objectives
 
of promoting and developing fishing activities on inland water
 

bodies (including brackish'water-areas). Various development
 
plans are presently being formulated including the assemblage
 

of reliable statistics,.upgrading of existing breeding stations
 
and the sponsoring of some research and pilot projects. In
 

addition, this new division is associating with the Nahaweli
 

Development Board to cooidinate fisheries development for the
 

entire accelerated program area.
 

The Ministry of Fis*3ries has set a production target
 

of 50,000 tons for inland fisheries which it plans to attain over
 

the next 5 years. The total inland fisheries production is
 

presently estimated at about 16,000 tons per annum. A general
 

breakdown of the proposed production increase is as follows :
 

TONS
 
* 41 ,

Freshwater Present Target 

Major and medium tanks 12,000 35,000 

Minor tanks 1,000 5,500 

Others -. 1,000 

Brackishwater
 

Deep lagoons and estuaries 2,000 6,500 
Shallow lagoon and tidal ... 1000 2,000 

Tottls 16,000 50,000 
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Rive,: Fisheries
 

Data concerning the fish fauna of 
rivers and streams
 

Interviews recently conducted
 
is very limited for Sri Lanka. 


with local residents and biologists 
reveal that the more
 

commonly found fish species 
in the Mahaweli Ganga are 

the
 

following S
 

COMON NAME 
SCIENTIFIC NAME 

Long Finned Eel
Anguilla ebulosa 

Filamented Barb
 Barbus folamentosus 

Olive Barb
Barbus sarana 

Common Carp
Cypicus carpio 
Common Labeo
Labeo dussumieri 

Mountain Labeo
Labeo fisheri 


Common Rasbora
Rasbora daniconius 

Mahsler:
Tor Zudree 
Stone Sucker
Gauga lamta 
Freshwater Shark 

Wallago attu 


Dwarf Catfish
Macroues keletus, 

Butter Catfish
 

tmpok bimaculatus 

us. Giant Snake HeadOphiocephalUs tiarc 


tratus Striped Snake Head
Oghiocephalus 
Tilapia
Tilapia diossambica 

Giant Gourami
Osphronemus gouramy 

Spiny Eel
Mastacembelus armatus 


Local residents also report the capture 
of large freshwater shrimp
 

(Ma o-brachium) from the river 
at different times of the year....
 

In addition, in the lower reaches 
of the river a number of salt
 

water species are often found including 
sharks, rays and an
 

Several of the river species are 
known to
 

occasional sawfish. 


undertake annual upstream spawning 
migrations, especially the
 

Labeo species and the Mahsier.
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There are no commercial fisheries operations on the Mahaveli
 
Canga, Maduru Oya nor any other stream in the project area. Even
 
subsistence level fishing activities are limited except in the
 
mainstream Mahaweli Ganga. Here occasional handline fishing is
 
observed.; some sport fishing occurs 
in the Upper Mahaweli particularly
 
for the Mahsier which.can reach a size of up to 25 kilograms.- No
 
records are maintained of the fish catches from rivers or streams in
 
the country. An arbitrary estimate of fish yields from the country
 
rivers and streams was given by Indrasena (1965)"as roughly
 

5 kg/ha/yr.
 

Villu Fisheries
 

Villus in the lower reaches of the Mahaweli Ganga form a
 
major part of the river floodplain. Villus are highly productive anx
 
are excellent spawning and nursery habitats for many fish species. 
A number of fish species tend to spawn in these warm, shallow watersr
 
as they rise during the wet season, Consequently, eggs hatch
 
simultaneously with the inundation of surrounding 
 land which resultw..
 
in the availability of 
a large amount of organic water for feeding
 
the juveniles (welcome, 1979).
 

S Few studies have. been conducted on the fisheries of the villus. 
Fernando (1969) reported that at the Karapola Villu (near Manampitiya), 
fish catches from 1960 to 1966 ranged from 25 to 50 tons or a.
yield of
 
roughly 35 to 70 kg/ha, respectively. The comon species in the 
catches were. Tilapia, Labeo, Freshwater Shark, Butter Catfish, Banded 
Etroplus,. Snake Giant and .A recentHeads, Gourami Barbs. interview 
(November, 1979) with fishermen at the Karapola Villu indicated that the 
same species are still being captured plus the freshwater shrimp and
 
a few eels. There are 25 virtually full-time fishermen presently 
operating at the villu. Gill nets set from canoes are the main gear 
utilized. 
During the peak fishing season (January - April), fishermen
 
take about 10 kg par day; in the remainder of the year, average daily 
catches. are about 2-3 kilograms. Combined with part time fihing. 
activities, the total annual catch in recent years has been about 40 
tons/year, or around 57 kg/ha.
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These figures compare favourably with others given
"-


Indrasena (1965,1970)
as estimates for villu fish yields. 


gave an average catch for the Mahaweli Ganga floodplain 
of
 

about 34.kg/ha. The Ministry of Fisheries uses an estimates
 

of 56 kg/ha (50 lbs/ac) for all villus when determining
 

annual national catches.
 

Paddy Fields and Irrigation Channels
 

During floods, paddy fields, ,like villus, serve as
 

large areas of open water where mauy fish species breed (Fernando,
 

.1969).. Considerable-numbers of small sized fish have been-

-caught in this habitat, and Fernando (1956) reported a total
 

ofZ4 species occuring in the.western lowland rice fields.
 

Larger, food fishes including Butter Catfish, Common.Labeo
 

found in. the irrigation canals.and- Freshwater Shark have, been 

Tank Fisheries 

More than 80 per cent of Sti. Lanka's inland fishery
 

catch is from tanks*, mokTeof.this is. from the lowpcountry 

major irrigation tanks. The deep, up-country reservoirs
 

have.very low, often negligible, fish yields (Fernando, 1969;
 

Fernando and ftstado., 1975).. Low-country, medium tanks also 

inland, fishery output, but activities in these
contribute to 

and the smaller seasonal tanks are usuaLly confined to occasional 

or -subsistence leveL fishing.. 

Fishery.operations, of varying intensity,. using gill
 

nets and beach sinta -a have been underway at the major tanks.
 

for 25-30 years (Fernando, 1969). . These .remain -the prevalent 

catch methods, although cast nets, handlines and occasional
 

traps are also employed. Fishing is done from the shoreline.
 

or from canoes and small rafts. 
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At most of tha tank-, fishermen sell their catch directly
 

-after capture to traders or vendors who transport the fish to
 

nccrby mrket centers for sale. The Department of Fisheries and
 

Department of Census and Statistics (1972) reported that 65
 

per cent of the landed catch was sold fresh to consumers, 32 per
 

cent was sold after salting-and drying or smoking, and 3 per cent
 

was used for home consumption.
 

With the introduction of Tilapia (T.Nossambica)in 1951,
 

commercial fishing became well established at a number of the
 

major tanks. Miarine fishermen migrated to the freshwater tanks,
 

at first seasonally, and later duveloping full time fisheries
 

operations. The seasonal -emigration of marine fishermen to some
 

tanks still occurs.
 

Tilapia expanded rapidly after being stocked and.comprism*
 

up to 90 per cent of the catch at some tanks. Other species which-

contribute appreciably to the catches include the Banded Etroplus,.-


Labeo, Barbs, Freshwater Shark, Giant Gourami and Catfishes. The
 

distribution of species by weight in catches for the major Sri
 

Lankan tanks is given in Table..3-2.
 

The major tanks in the project area include Parakrama 

Samudra, Minneriya Tank, Kaudulla Tank and Kantalai Tank.. These 

tanks, especially Parakrama Samudra, contribute'a significant 

amount of the inland fish catch for the country. Available 

information concerning catches, number of fishermen, etc. for 

these tanks is snmnarized in Table 3-3. In general, catch data 

for the existing tanks are of varying reliability. The Ministry 

of Fi-sheries is presently re-structuring the catch data gathering 

program to improve the quality of fisheries statistics for future 

management platming. 

The existing data does reveal several trends. One is
 

that catches increased significantly since the introduction of
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Tiliipa to the tanks. Further, there appears to have been no
 

significant decline in any of the indigenou'is fish fauna following
 

the stocking with Tilapia (Fernando, 1969). The catch data also
 

indicates that many of the existing tanks are underiexploited.
 

In addition, fluctuations in catch probably reflect the nunber
 

of individuals fishing rather than natural variation in the
 

fish stocks. This is evident from the changes in catch which.
 

result from the periodic migration and emigration of coastal
 

fishermen (HTS, 1978).
 

Data provided by the Ministry of Fisheries (1979) indicate
 

that the major tanks in the country had fish yields in 1978 ranging
 

from about 20 kg/ha to over 500 kg/ha. The average yield for
 

these tanks.is estimated at 182 kg/ha (163 lb/ac). Collectively,
 

more than 1000 fishing crafts operate on the tanks with an
 

average annual catch of about 11.5 tons per boat.
 

Comparable data are not available for any of the medium
 

or smaller seasonal tanks. The Ministry of Fisheries estimates
 

that t"-ese tanks produce yieles of about 56 kg/ha (50 lbs/ac)
 

This estimate is conservative; Fernando and Ellepola (1969)
 

report yield figures of 79 and 112 kg/ha (70 and 100 lbs/ac)
 

for two small tanks near Polonnaruwa. Seasonal "mud fishing" 

i.e., hand collection of fish, is common where small tanks dry 
out annually (Fernando, 1969).
 

Estuarine Fisheries
 

Fishing activities are well developed in the estuarine
 

portions of the Maduru Oya and Mahaweli Ganga. These areas,
 

like others along the coast, provide nursery grounds for shrimp
 

(Penaeus sp.). On the east coast, shrimp fry enter inshore waters
 

in December-January and the peak catches are made from March to
 

May (Ministry of Fisheries, personal communication).
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Princi.jle fishing 
grounds are 
the inshore lagoons and estuaries.
 
Shrimp yields for Sri Lanka-have been estimated at roughly
 
17.' I../ha for the inshore waters (Ivannov, 1964).
 

Thi estuaries are also breeding, nursery of feeding
 
grounds for a number of economically valuable food fish species,
 
tincluding Anchovies (Anchoviella), Whitefish (Chanos Chanos,
 

Bonefish Elops, Mullet (Ifugil), Perch (Lates), Snappers.(Lutjanus)
 
and several Jacks (Caranax). These comprise the main fin fish
 
catch from the intertidal waters on the east coast (Ministry
 
of Fisheries, personal communication).
 

According to the Department of Fisheries and the
 
Department of Census and Statistics (1972), there. are over
10,000 fishing management units.(boat gear and crew) operat
ing from Trinc-malee.. Of these,. about 350 fish inshore
 
waters, chiefly in Koddiyar Bay.. About 150 full-time fisher
men were recently observed from the town of Mutur. 
A similar
 
number conducts fishing activites around the Valaichchenai
 
area. 
The main gear employed are.cast nets and gill nets
 
worked from canoes. Beach seines are also used.
 

Aquaculture
 

Fish culturing or farming is very limited in Sri
 
Lanka4 At present, eel and shrimp .farms are being operated 
by private concerns; but these are only on an experimental 
basis. 

Several other culturing operations have been attempted,
 
mainly by the fishery research stations which are maintained
 
by the Ministry of Fisheries. One successful attempt produced
 
nearly 2,000 kg/ha of mullet and milkfish at the Pitipana
 
Station (Pillai, 1965). The fishing stations, have successfu-lly
 
bred a 
number of species including tilapia, common carp,
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chinese carps, gourami and others. In addition, several pilot projects'
 

have recently been initiated including polyculture of carp and tilapia
 

in ponds and cage culture. 

However, with freshwater fish market prices low, it is unlikely 

that interest can be generated in pond-culture operations, and for the 

present, the status of aquaculture development in Sri Lanka may be 

considered only experitwmntal. 

IDPACT ANALYSIS 

Formation of Proposed Reservoirs
 

Changes in Species Composition - The formation of the proposed 

reservoirs will result in the replacement of riverine ecosystems with
 

lacustrine ones with a subsequent elimination of some fish species and 

an enhancement of others. Species which prefer running water habitats or 

require highly oxygenated, hard gravel substrates as breeding or feeding 

grounds would not be expected to survive a transition to a lake
 

environment. On the other hand, fishes which occur in the rivers, but 

are found primarily in quiet waters along the shoreline or in backwaters,
 

will not only survive the impoundment but may increase their population 

sizes substantially..
 

Changes in species composition following inundation of rivers
 

in Southeast Asia have been reported by Bhukaswan and Pholprasith (1976),
 

Natarajan (1976), Sreeuivasan (1976) and Sirinivasan and Sreenivasan 

(1976). Generally, these studies report a significant increase in
 

catfish and carp species after creation cf reservoir..pools.. Concomitently, 

there was a decrease in the abundance of many riverine species, with a 

.noticeable disappearance of some fishes, particularly the !ahsier. 
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Comparable shifts in the fish community structure 
are'anticipated for the. proposed. reservoirs. The fish 

species which are likely to dominate the reservoirs are
 
those which. presently inhabit tanks, villus and other
 
quiet water habitats. Thus,. the predominant-natural reser
voir food fish populations will be comprised.of Tilapia, 
Banded Etroplus, Labeo, Barba, Giant Gourami,. Snake Heads
 
and the catfishes especially the Freshwater Shark (Wallago
 
attu) which has appeared in large numbers in several man
made lakes in Asia.. On the other hand, it is likely that
 
Mahsier and. a 
number of other species will be eliminated
 
from the river sections which undeirgo impoundment.
 

Projected Yields -Several 
estimates have been 
made of annual average potential fish yields for the proposed 
reservoirs. These are the following :. 

SOURCE, ESTIMATED YIELS'
 
kg/ha/yr 

ACRES (1979) 150
 

HTS (1979) 100
 
NEDECO (1979) AIR= F 400 
Ministry of Fisheries (1979) 280 

These e.stimates vary considerably, reflecting the basis of.
 
their selection. All of them a-e arbitrary estimates
 
established by a compwison with the present yields realized
 
from tanks in the country.., These yield estimates have 
been applied uniformly to all of the proposed reservoirs
 

(except the ACRES estimate, which was selected for the-
Maduru Oya Reservoir only). 

In order to account for individual morphological and
 
productivity differences in the proposed reservoirs, a seperate
 
method of estimating potential fish yields (i.e. the potential
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harvestable fishery resource) is applied here. 
The method takes into
 
consideration anticipated phksical and bio-chemical features of the
 
proposed reservoirs. 
 It is based on a ratio involving the electrical
 
conductivity (or dissolved solids concentration) and the.mean depth
 
of a reservoir.
 

This ratio was described initially as a "morphoedaphic index"
 
(MElI). by Ryder (1965) for use as a rapid mathod of yield assessment 
for northern temperate lakes. 
 The IMl has since been modified for
 
application to tropical lakes through a regression analysis by
 
Henderson and Welconae (1974). MEI hasThe been widely- used as an 
approximation of potential yields for reservoirs in Africa, South 
America, United States and Canada (Welcolne and Henderson, 1976).
 

A regression analysis relating IM 
values and fish yields from
 
tanks Sri Lanka was recently completed by Wijerat-na and Costa (1979).
 
The relationship is as follows •
 

C - 19.0677.MEI 7 

where- C - potential fish yield in kg/ha/yr; and 
MEI -. conductivity in micromhos/cm Jr mean depth in m. 

Using this formula, the av4ilable water quality and the
 
reservoir morphological.information, the potential fish yields of
 
each of the proposed reservoirs was caculated. These figures and 
the supporting data are presented in Table 3-4. 
Total annual esthates
 
for potential fish landings at the proposed. reservoirs are also
 
included in Table 3-4 and were based upon 
 the mean areas of the 

reservoir. 

The calculated yields clearly- indicate that the deep, 
up-countrW reservoirs are likely to be much less productive in
 

• .. terms of fish output than th. shallower, low-country ones. 
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This corresponds well with information concerning fish yields
 

from other reservoirs throughout Southeast Asia and within
 
Sri Lanka (Fernando and Furtado, 1975"; Fernando, 19.7.6). The
 
deep reservoirs in Southeast Asia produce law fish yields of
 
only 10-40 kg/ha in comparison with the shallower lakes. 
Low
 
fish yields in deep reservoirs are the result of low levels
 
of incoming nutrient supplies, pronounced thermal and chemical
 
stratification and a l::mited shallow inshore area which i-s
 
usually the most highly productive zone of a reservoir.
 

Fisheries yields from a reservoir are of course
 
affected by other factors besides mean-depth and total
 
dissolved solids input. An important factor will be.the age , 
"
 
..
of the reservoir. In the first 4 or 5 years, .yields are often
 
substantially higher than in.later-years. One reason for this
 
is that during the Initial flooding large amounts-of organic
 
matter are suspended, serving as direct fish foQd or as a
 
nutrient supply for algae. 
The subsequent large"algae growths
 
may trigger a chain reaction in the food web of the reservoir
 
which can be manifested by accelerated fish grmwt:7. and repro
duction. An additional reason for high initial fish production
 
could be that-the rising waters stimulate mearly continuous
 

s;awning behariour,in.some species. 
 The onset on river flood
ing stimulates. iumediate spawning -responsives from many
 
species, and thus, this behaviour miy beaccentuated by reserv6tr
 
filling. 
However, initial high fish yields.in Asian reservoirs
 
have not always occurred. This may be due to a lack of suit
able fish species in the areas inundated.or a failure of
 
fishermen to mobilize soon enough to take advantage of the
 
high productivity in the first few years of reservoir
 

operations.
 

Other factors which .will affect fish production
 
include an irregular shoreline which may occur along thet ddges
 
of the reservoirs. This will enhance fishery development by
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prov' Lng added cover and feeding grounds. On the other hand,
 

the anticipated steepsided character of the up-country
 

reservoirs will limit the amount of shallow inshore areas
 

which are common Spawning grounds for many species.
 

Drawdown can also have a deterimental effect -In
 

fisheries by exposing eggs and nests of inshore areas. How

ever, this should not be a significant factor, because most
 

species which will inhabit the proposed reservoirs will
 

spavm during periods of reservoir filling. Drawdowns may,
 

in fact benefit fish populations by providing organic
 

detritus for feeding juvenile fish as waters rise.
 

In summary, the proposed reservoirs, are expected
 

to exhibit varing fish yields, with much higher catch realized
 

from the shallow, low-country reservoirs. Potential fish
 

yields in the reservoirs whould range from about 20 to 35
 

kg/ha/ya for the deeper reservoirs and from around 100 to
 

300 kg/ha in shallow ones. All of the reservoirs will produGe
 

fish yields which are significantly higher than that presently 

taker. in the river sections they will inundate. The yields 

there are probably 5 kg/ha/yr or even less. 

T1,acts on Migration Patterns
 

The series of dams which will be constructed on the
 

rivers and streams in the project area will effectively block
 

upstream fish migratory movements. Several species will be
 

adversely affected, although it is difficult to adequately
 

assess the overall effects on fish movements because little
 

isknown of the migration patterns in the island watcrs.
 

One species which may be 	 significantly affected is 
game. fish. The lahsierthe Uahlie; tTgr" .udree) a popular 

has been observed by local residents and biologists to
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uncergo seasonal upstream spawning migrations. The presence of
 
._the proposed dams combined with an inability of the Mahsier to-'
 

adapt to lake habitats will probably result in a significant
 
decline in the population of this species in the Mahaweli Ganga.
 

Other fishes which may be adversaly affected by
 
interference with migration patterns are probably the endemic
 
Mountain Labeo (Labeo Fisher) Olive Barb (.iarbus sarana) and
 
LongeSnouted Barb (Barbus dorsalis), 
'Thes' pecieo are 411 believed
 
to migrate annual ly up the main rivers to spawn in very small
 
hill streams. The Barbs'often leave tanks or villus to enter
 
upstream rivers and streams. 
Occaisonally Iar-ge concentrations of 
these fish are found in very small streams. 'The'numbers are often 
so large that monkeys have been obsedrv'd- aptuniig "em by hand 
(Dr. W. Dittus'personal communication). 

Young Eels also migrate upstream annually, returning
 
after several years to spawn at sea. 
 The higher upstream dams
 
will undoubtedly block their passage, although they may be
 
capa ..of negotiating the smaller downstream ones.. 

Xt addition ro risn species, the freshwater shrimp 
(M-acrobrachium) will also have its migratry patterns affected 
by the dams. This impact may be mostly due. to the canstruction 
of the downstream Kandakadu' Ba'rrage ."which ,could block breeding 
migrations -to and from te -estuary.. .. 

Downstream- fish movements will also) be blocked .by ,
 
the proposed-dams, 
 However fish'may be swept -over the.-spill
ways or drawn into. the power intakes. Generally, about-75
fish which pass through power turbines. -wlt rv!'_ tezi'mainder
usually perish due- to physical injury.. 
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Impact on Tank Fisheries
 

Major tanks fisheries should be littled affected by the
 

Flushing rates will increase, but other operations
proposed project. 


should not change appreciably; and return flows from irrigation
 

systems are not expected to enter the Parakrama Samudra,
 

t.inneriya Tank, KaudUlla Tank or Kantalai Tank.
 

Some of the medium and smaller tank fisheries may be
 

the inflow of pesticide run-off from
adversely effected due to 


irrigation projects. In particular, the downstream tanks such
 

as the Vakaner and-Alhli tanks_ may eyentually be seriously
 

affected as pesticides. accumlats.in tissues of food fish species.
 

A number of tank fisheries will be benefitted by the 

project due to increased availability of water. This impact 

will be more adequately investigated for the final report.. 

Impact on Villu Fisheries
 

Since many of the villus will receive irrigation return
 

flows, pesticide accumulations could become a problem for the
 

villu aquatic biota. The increased nutrient inflow from
 

agricultural run-off will affect the productivity of the villus,
 

very likely accelerating if to produce. highly eutrophic
 

conditions. The resultant deterioration of water quality in the
 

villus would have overall negative impacts on the fisheries
 

resources such as' changing species composition, inhibiting life
 

cycle pattern, causing partial fish kills of tainting fish flesh.
 

A reduction of overall downstream river flows will
 

result as a corresponding decrease in the water surface areas
 

of many, if not all of the villus. This, of course would limit
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fish yields from the villus accordingly. If, for example, the
 

._present mean annual villu surface areas (about 8,200 ha total)
 
were decreased by 40%, the loss in fish yield (based on a present
 

yield of 50 kg/ha) would be over 150 tons per year. This
 

represents a loss to the villu natural capture fisheries.
 

In addition, villus have a high potential for fish',
 
culture (see following section), provided water levels are
 
maintained for a growing season (6to 8.months). A drop in
 
villu water levels due to river flow reductions"would
 
significantly decrease the value of these habitats 
for fish
 
culture operations.
 

Impacts on Estuarine Fisheries
 

The alteration of natural flow regimes coupled with a
 
downstream acc-mulation of agrochemicals is likely to have on
 
overall negntion effect on the estuarine fishery resources at
 
the mouths of the Mahaweli Ganga'and Maduru Oya. This may be
 
especially evident for the shrimp nursery grounds, since shrimp
 
juveniles require a delicate balance of organic:matter cycling.
 
Changes in the nutrient loading of the estuaries is liable to
 
upset this balance with an overal4-dewibental effect upon
 
"shrimp and fish populatious. A more detailed assessment of
 
impacts on the estuarine fisheries will be u dertaken in the
 

final report, (See, CHAPTER 4 WETLANDS)' 

Impacts on Endemic Fish Species
 

Most of the endemic forms occuring in the project area
 
inhabit small, upland streams. Some of these habitats may be
 
inundated by the up-country proposed reservoirs i.e. Kotmle,
 
Victoria, and Randenigala Reservoirs. This would probably
 
eliminate endemic species occuring there, since few of these
 
fishes appear to be adaptable to reservoir habitats. In general,
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the loss of these habitats would not be considered a highly
 

significant impact, since the endemic fish species affected also
 

occur in high numbers in many other river drainages throughout
 

the country. The endemic species populations'in tributaries of
 

the Mahaweli Ganga and Maduru Oya which are not inundated,
 

are expected to remain unaffected by project developments.
 

The Mountain Labeo (Labeo fisheri) may, in fact, be
 

doubly affected since the proposed dams will inhibit its normal
 

upstream migration route. The Sri Lancan Barb (Barbus Srilankensis),
 

the most restricted of the endemic fish in the area, should be
 

relatively unaffected by the project; since no developments are
 

presently planned which would involve the Kalu Ganga drainage 

system. Two endemic species, Leaf Lates (Belonita signata)
 

and especially the Smooth Breasted Snake Head (Chana orientalis),
 

will probably benefit by the project since they prefer cmuiet
 

waters, and thus their populations are likely to expand with
 

the formation of the reservoirs and the presence of large paddy areas.
 

REC0 "-71ATIONS 

Planning for Fisheries Development
 

Overall, the potential for fisheries development in the 
project area is very high and its realization, in fact, may 

become essential as the demand for protein increases in the future 

years of settlement growth. Fish presently are the predominant 
source of protein in the rural communities of Sri Lanka. The 

average annual per capita consumption of- fishby the rural 

population is about 12 kg. With full development of the Mahawell
 

Accelerated Program area, an additional 12,000 tons of fish
 

beyond the present production will be needed to meet the annual
 

demad of the incoming settlers.
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Some of this demand can be met by improving yields
 

from existing sources; however, maximum yields are already
 

being harvested from the marine fisheries operations and the
 

present freshwater catches (mostly from the major tanks) are
 
all marketed and consumed locally. Consequently, it is likely 

that the majority of the required 12,0C. tons wiln have to come 
from the development of new fishery resources. 

It appears that a master plan for fisheries development
 

within the project area is needed. Some programs, including the
 
development of a new fish breeding stations, a stocking plan
 

and permanent settlement of fishermen, have been initiated in
 

varying-degree-for.the existing system H irrigation project. 

These programs are being developed through the combined effortsof
 

the Inland Fisheries Division and the MDB. However, comparable,.
 

planning for the accelerated program area has only been at a very
 

prelimina-.- level. In the following sections, recommendations are 
discussed for the mitigation of adverse project impacts on
 
fisheries, some new potential fishery resources to meet future 
demnds and for fisheries development planning in general for
 
the project area. These recommendations and the cost of various.
 

implementation plans will be elaborated on further in the final 
report.
 

Proposed Reservoirs
 

Contribution to Required Demand - The .total capture
 

fisheries yield which could be provided from the combined outputs 

of the major proposed reservoirs (Tdble 3-4) is estimated at 
roughly 2570 tons per annum. However, the yields from the three 
up-country reservoirs (Kotmale, Victoria and Randenigala) are 
likely to be marketed outside the agricultural development regions 

of the project area. This could reduce available yields to the 

new settlers to about 2,450 tons/yr. 
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Further, if the proposed 
Rotalawela.and oragahakanda Reservoirs
 
are not constructed, the available yields will decrease to
 
only 1,640 tons/yr.
 

It is apparent that the estimated need for fish
 
products within the project area will not be met solely by the
 
natural capture fisheries of the new reservoirs and other sourees,
 
discussed in following sections, will have to be utilized. 
In any
 
event, the potential yields from the proposed reservoirs will be
 
subtantial. 
Moreover, in order to capitalize upon this
 
potential resource, several planning 
measurel may be necessary.
 

Nature of the Reservoir Fisheries 
 - It is recommended
 
that planning for fisheries development of the new reservoirs be
 
conducted with the aim of promoting small-scale fishery operations,

comparable to those on the existing major tanks. This would
 
involve the use 
of sma.ll fishery management units, consisting of 
a single fishermen with perhaps an assistant operating from
 
non-motorized canoes and using pftmarij gi-lf'ne-ts along with
 
han'ilinqq,cast nets, beach seines or traps where they are applicable.
 

This type of fishery is labor intensive and attracts
 
more individuals, since input costs and maintenance are 
low.
 
Use of large, relatively expensive boats especially ones equipped
 
with outboard motors, are not recommended. The additional costs
 
for the boats, motors, fuel, etc.. and especially maintenance
 
problems are an unnecessary burden to the fishermen. Further, 
the small scale operations are well suited to effect maximum
 
exploitation of the fishery resources on what will be relatively
 
small sized reservoir areas.. Collection gear, however, can be
 
modified, with new gears introduced to harvest the different
 
fish stocks.. It is recommend that gear selectivity studies
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be initiated once the reservoirs are operational in order to
 

determine the most appropriate gill net mesh sizes, the best
 

trap designs etc.
 

Subsidy and extension programs will al'so be needed,
 

to fully develop fishery potential on the new lakes. These
 

programs have been proposed as part of the Inland Fisheries
 

Division's plans for country-wide fisheries development
 

(Ministry of Fisheries, 1979). Likewise, the programs are
 

intended for implementation to enhance all forms of fishery.
 

development in the Mahaweli Accelerated Scheme.
 

Removal of Reservoir Vegetation - The MDD has planned
 

to clear as much vegetaton as possible from the proposed reservotr
 

sites. There are various issues concerning fisheries development
 

which require consideration in the planning of vegetation
 

removal from a reservoir site prior to inundation. Trees
 

and other woody vegetation which remain within a reservoir
 

after flooding often impede lake.navigation and usually
 

prevent or limit fishing activities because of damage to nets
 

and other gear. On the other hand, this vegetation provides
 

a suitalle substrate for food-chain organisms used by fish for
 

food and also serve as protective cover and spawning sites
 

for many species.
 

Recommendations made here take*both of these conflicting
 

aspects into consideration along with the nature of the
 

proposed reservoirs. It is essential that much of the woody
 

vegetation be removed from all of the proposed reservoirs if
 

effective fishing of the natural stocks is to take place.
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Mo.-e.yer, to enhance natural fish productivity in the reservoirs,
 

especially for the deep up-country ones, it is advisable to
 

permit small tracts of forest to remain in selected areas of the 

reservoirs. Approximately 57. or perhaps slightly more of the
 

inshore drawdown zone vegetation should be maintained. However,
 

it should be subdivided into small blocks of 5 and 10 hectares,
 

which are seperated by open water (where vegetation has been
 

removed) zones of one-half kilometer, or more.
 

A clearing pattern of this nature will permit
 

utilization of all types of fishing gear with minimal 

risk of damage and simultaneously provide a feeding and nursery 

area to replenish natural fish stocks. This clearing plan will 

be well suited to small scale fishing activities.. Fisherman can
 

employ cast nets and seines in the cleared, shallow inshore
 

areas, use gill nets at the edges of the vegetation blocks
 

and traps within the vegetated areas.
 

tntroduction of Species -. While"iidigenous fish 

populations are likely to contribute a sizeable portion of the 

reservoir yields, it.is likely that other species will have
 

to be introduced in order to maximize outputs.
 

The most likely candidate for stocking in the new 

-reservoirs is the common Tilapia species, Tilapia mossambica
 

which is already prevalent in many of the freshwater areas of
 

Sri.Lanka. The MDD in colhboration with the Ministry of 

Fisheries is planning to construct a new fish station in
 

Dambulla for the purpose of producing Tilapia fingerlings to
 

stock in the waters of the System H area. The ,DD has
 

indicated similar intentions for the accelerated programs
 

area, and the Ministry of Fisheries is embarking on a program
 

to raise and stock Tilapia in many of the island inland waters

mostly tanks.
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It is suggested that within these proposed planned
 

stocking programs, consideration be given to the fact that
 

Tilapia mossambica is a prolific breeder in Sri Lankan waters
 

and that repeated stocking of the species into-tanks and
 

reservoirs may be unnecessary since its own reproductive
 

potential may be sufficient to maintain high populations in the
 

reservoirs.. Thus, Tilapia mossambica may be introduce~d into
 

the proposed reservoirs in order to allow the establishment
 

of self-sustaining populations, while other species can be
 

considered for annual stocking and restocking programs.
 

Tilapia mossambica has been introduced widely 

throughout Southeast Asia and is likely to"appear inmany of the 

new reservoirs even if'it is not intentionally stocked. One 

problem which is often associated with Tllapia introductions 

is that due to its high reproductivity, crowding may occur which 

results in stunting-of the growth of the individual fish which 

in turn limits their marketability. This has been observed in 

a number of reservoirs and especially in small ponds in Asia. 

Howe .r,it is not known to happen with Tilapia populations 

in Sri Lankan resirvoirs (Fernando, 1976). This may be due:to 

high fishing intensity and/or high predator pressure, both of 

which control Tilapia populations and thus prevent or limit
 

stunting (sreenivasan, 1967, Balarin and Hatton, 1979). In fact,
 

predators are often deliberately stocked with Tilapia to
 

control their growth rates in fish culture operations. Natural
 

predators which'are -likely to occur in the proposed reservoirs
 

include the Snake Heads and various catfishes, especially the
 

Freshwater Shark (Wallago attu). The latter is an especially
 

voracious predator which may reach up to 6 feet in length
 

and whose stomach conteuts have occasionally been observed to
 

include human limbs (Alikunhii 1957).
 

Since TilapiA have not been found to stunt in Sri
 

Lankan reservoirs and natural predator control is apparently
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adequate to limit over-population, it is recommended that
 
Tilapia mossn bica be stocked initially into the proposed
 
reservoirs; although repeated annual stocking is not
 
recommended since the species should establish permanent
 
breeding populations.
 

One further concern in the stocking of Tilapia
 
mossambica is that the !,pecies is 
 unlikely to be successful
 
in the three up-country reservoirs. Its growth and
 
reproduction have been very low in the existing hill tanks
 
(Fernando, 1976). 
 On the other hand, different Tilapia
 
species which are better adapted for deeper waters and/or
 
colder habitats may be amenable to 
the up-country reservoirs.
 
These Tilapia species include Tilapia sparmanni, an omnivore,
 
and Tilavia aalilaca which feeds on phytoplankton.
 

Common Carp (Cyprinus carpio) is.. also a likely candidate 
for the upland reservoirs.. However, it is not recommended to 
stock this species in shallower reservoirs, since it often •
 
destr-ys inshore fish nests. 
 Crucian Carp (Carassius carassius) 
would be another possible species for introduction into deeper 
reservoirs since it breeds and thrives well in that type of 
habitat. 

For the low-country reservoirs, exotic species which 
may be considered for introduction would include other Tilapia 
species (Tilapia rilotica and Tilapia zillii, 
 both of which have 
been introduced here previously), the Indian Carps and the 
Chinese Carps. A more detailed evaluation of potential fish 
species for reservoir stocking will be made for the final 
report.. Some comparable data may be available then on a
 
proposed experimental stocking program involving Tilapia and 
Carp species in various combinations presently being initiated
 
by the Ministry of Fisheries. This type of polyculture
 
exermentation is highly endorsed, and it is recommnended
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that further trials be attempted in order to develop sound 
stocking policies for both the proposed reservoirs and the
 
existing tanks in the project 
area. 

Additional introductions in project area water should 
be considered for the control of mosquito larvae since malaria 
may be a substantial problem. Mosquito fish or Gambusia
 
have been recommnended for introduction to assist mosquito control
 
(iTS 
ANNEX Z, 1979), but a species native to Southeast Asia
 
called the Lesser Top-Minnow (Panchax panchax) is .ansidered-
superior to Gambusia (WHO, 1973). This species is native to
 
Sri Lanka and could be easily captured and transferred to the
 
project area waters.
 

Fish Ladders
 

At the present time, it is not recommended that
 
consideration be given to installing fish ladders or comparable
 
conveyances to permit upstream passage of fish during spamning
 
mig '-tions. There are few species adversely affected by
 
blockage of migration routes; and none of these species are
 
of exceptional economic value. 
If further study warranted by
pass devices, it is likely that thpy could be installed after
 
the dams are constructed. One area in which investigations
 
should be considered is for -the Kandakadu Barrage where the
 
continued passage of estuarine species including Macrobrachium 
may significantly benefit upstream fisheries. 

Rivers and Estuaries
 

The negative impact on river and estuarine fishing
 
resources due to the accumulation of run-off agrochemicals can
 
be mitigated in part by the maintenance of downstream conservation 
flows, the judicious application of fertilizers and the use of 
rapidly degradable pesticides in place of the persistent
 
organchlorine types. Further recommendations and discussion
 
on these topics can be found in CHAPTER 2.- WATER QUALITY.
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It is not reconmendad that any measures be instituted
 

to further intensify fishing activities in the estuaries of the
 

M haweli Ganga and Maduru Oya. These areas are presently
 

heavily fished.. In fact, some regulations may be warranted
 
in terms of mesh size or limited fishing seasons in order to
 

protect fish and shrimp stocks.
 

Tanks and Villus
 

The major irrigation tanks in the project area have
 

been designated for improved fisheries management programs by the
 

Inland Fisheries Division. This includes additional stocking
 
and subsidy programs for boats and gear. However, even with
 

these plans, the Ministry Fisheries (1979) estimates that
 

increased fishery output for these tanks above present yields
 

will probably be less than 500 tons per year. 

Medium and smaller tanks are also scheduled for 
future upgrading of their fishery outputs. Roughly, the areas 
of t!--se tanks in Systems B and C total about 3500 hectares 

(ACRES, 1979; HTS ANNEX X, 1979). Assuming thar there are 
additional unexploited tank areas of 1,5)0 hectares within
 

the project area (details will be provided in the final report),
 

and using the average yield figure from Table 3-4 of about 130
 

kg/ha/yr, then the wedium and smaller tanks potentially could 
produce 650 tons for consumption. This amount could probably
 

be increased, even doubled to 1300 tons, with high intensity
 

stocking and proper management of the smaller tanks. 

Villu fishery resources, along with those of some of 

the downstream medium tanks, may be adversely affected by the 

runoff of pesticides and fertilizers. Monitoring of these
 

chemicals is recommended as mentioned in the previous chapter 

on WATER QUALITY. In addition, it may be feasible to route return flows 
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around some villu and tank areas to prevent their pollution
 
with agrochemicals. 
It is suggested that this possibility
 
be investigated along with the potential feasibility of
 
installing 
-weirs at-villu mouths to prevent their dessication
 
in the dry season (see followtng chapter concerning WET LANDS).
 
Increased fishing intensity at the existing villus is possible,.
 
provided gear and markets become available. Yields could
 
probably be doubled from roughly 50 to 100 kg/ha/yr which
 
would increase the overall output by over 400 tons per annum.
 

Irrigation Canals 

Fisheries, at least at the subsistence level, can
 
also be developed within the irrigation canal system. 
The
 
canals themselves will support some species, while pools or
 
backwaters which are created naturally or for storage along
 
the canals may be very suitable habitats for food source
 
.species. 
Stocking of these waters is thus recommended where
 

feasible.
 

Aquaculture
 

From the preceding sections, an estimate of the
 
overall potential..yields from new fishery resources within
 
the project area can be determined as follows .:
 

SOURCE POTENTIAL YIELD (tons) 

New Reservoirs. 2,570 

Major Tanks. 500 
Medium, smaller Tanks 1,300 
Villus 400 

Total - 4,770 tons 

3 - 27
 



Consequently, even assuming full reservoir development 

and 'proper efficient management programs, the project area 

waters will still produce less than one-half of the 12,000 

ton/yr future demand. Thus, additional sources of fish 

production will be necessary.
 

A program to investigated aquaculturai potential within 

the project area, is highly recommended, if future fish' 

product demands for the region are to be met. A series of 

... pilot projects should be implemented to determne the most 
feasible fish farming techniques which can be used for the 

area. Some of these, including cage culture. and -a -fei. vpd 

experiments, are under way or at least planned by the Inland 

Fisheries Division'.. A more extensive program is needed 

however. Particular attention should be given to the use of 

small seasonal village tanks which follow an annual filling 
and draining cycle which is easily aduptable to many fish
 
farming methods.. The Ministry of Fisheries (1979) estimates
 
that small reasonal tanks can yield over 1000 kg/ha/yr if
 

stoc-ad with 6000 fingerlings per hectare. 

Some additional pilot studies to be considered would 
include : 

integrated poultry or pig rajing and fish 

farming systems; 

- polyculture experiments vith different 

combinations of various species including 

tilapia, Indian carps, Chinese Carps, shrimp, etc. 

- development of shrimp and mullet farming in the 

estuaries, and 

- use of pen enclosures for'ralsing high 

value species. 
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The latter proposal has met with a high degree of
 
success in number of Southeast Asia countries, Fish pens installed
 
in shallow water bodies have been highly productive*. For
 
example, -use of pens on 15% of the villu surface-area in the
 
?region could produce a total of about 2,500 tons per annm
or more. 
This could contribute significantly to regional
 
fish demands and a study of the feasibility of pen culture is
 
highly recommended for the project area waters .including
 
new reservoirs, existing major and -medium tanks and villus.
 

Stocking Program
 

Many of the recommendatio.s made to improve fishery
 
yields in the project area waters,-will be greatly dependent
 
upon the availability of fingerlings.and/or fry to stock uew
 
water bodies or to augment existing fish populations. The
 
available fingerling supply from existing fish stations in
 
the country is about 5 million per year. 
The Ministry of
 
fisheries (1979) estimates that to achieve the goal of
 
50,"'"' 
 tons/yr for inland waters, a fingerling supply of from
 
50 to 75 million will be required.
 

Similarly, a large number of fingerlings will be needed
 
to fully.develop fishery potential in the project area. 
This,
 
in turn, will necessitate the construction and operation of
 
one 
or perhaps two fishery research stations or hatcheries
 
to produce the fingerling supply. Estimates of the
 
fingerlings and hatcheries required will be made in the next
 
phase of- this study.
 

Settlement of Fishermen
 

To fully realize potential fishery fesources in the
 
project area, a relatively large numbers of fishermen will need
 
to be mobilized. 
Acres (1979) estimates that about 200 full-time
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fi-hermen can be supported in System B following project imple

mentation. With full reservoir development and improved
 

management of other inland waters, the estimated 4,770 tons/yr
 

yield could support around 1,300 full time fishing families.
 

Settlement plans for fishermen have been made by the
 

IDB for the System H area. These include attracting coastal
 

fishermen to migrate to the inland tanks and then settle
 

permanently there in specifically designated fishery villages.
 

The fishermen will also be given a small plot of land for
 

agricultural use. This concept may be very successful in
 

establishing permanent fishing communities near the larger
 

tanks, since it eliminates the landless status which
 

fishermen are often relegated to and promotes stability ?y
 

providing added family income. A comparable scheme is thus
 

recommended for the.accelerated program area.
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Table 3-1
 

Endemic Fish Species in the Project Area 

- DISTRIBUTION
 

-SPECIES and 	 HABITAT . COMME TS 
* ABUNDANCE 

TWO SPOT BARB .Commaon in vet zone S 11, clear., The endemic 'status 
especially Gin, Kalu substraterocky 	 'of this species .is 

(Barbus and Kelani Gangas. streais of up to 
 somewhat In' 
Present in upper Maduru Oya 5 m in with. question,since it 

bimaculatus) -ant small tributaries of Moves up torrents may als0 occur in
 
Mahaweli Ganga. Found at 
 all the.way to southern India. 
the bottom and top of stream head-waters 
Gunner's Coin. -to spawn. 

CU1.WIU G'S TWO Very common throughout Small,clear, fast,
 
the wet zone -and the flowing hill
 

BANDED nARD *North Central Province. streams.
 
Could possibly occur in up

(Barbus stream tributaries of the
 
cumi) aMhaweli Ganga.
 

SRI L= . Very restricted 	 Small streams. This species-*has
BARB 	 distribution. Confined Gem operations been just recintl
(Barbus within Amban Ganga Drainage and resultant discovered.. The 

-	 o several small tribu- siltatiou is description of
srilan'kensis)
... taries to the Kalu Ganga. causing-dis- this species wasnsruption 
 of its submitted for-press
 

limited habitat. in.January, 1,30.. 

CHERRY BARB. Very common in wet zone 
 ..Small, ofteni very
 
(Barbus drainages even down to narrow streams down
 
- tidal areas. Could possib- to 0.25 m wide.
 
titteya) ly occur in the upper part Clean water, pool


of the Mahaweli Ganga habitats -wLth 
Dtaiuage. dense"aquatic plants. 

LEAF LATES Very common and wide- Inhabita both 

(Belctia pread in the wet zone. streams -andponds.
Found in the Amban Ganga" It is a predator

•sigynata) and Mahaweli Ganga Sys tem, and is even found
 
in paddy -fields.
 

SMOOTH BREASTED Very-common in the North 
 Found i,'ponds or The endemic
 
SNAKE HEAD 
 West, -North Central and turbid backwaters status of this 
(Channa, Western Provinces. May . adjacent to species is some

occur in the Mahaweli Ganga streams'. Prefers what in question,
orientalis) Drainage, 	 quiet waters with since it may also
 

large amounts of occur in India.
 
detritus.
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Table 3-1 

(Continued)
 

SPZCIE= • DISTRIBUTION HABT --
 COMM. S'
 
.and
 

ABUNDANCE
 

Very. Co=on in all wet zone. Found in 1oth ..STONE SUCKR drainages. - Probably the 'small hill streams
 
'Marra ost wide-spread of .all. and An lc*er main
endemic fish species. 
 'ound "stre.ms. Prefers.az)ta in dry zone rivers as well -rocky substrate'.
 

including Maduru Oya and
 
Mahaweli Ganga.
 

Relatively widespread. 
 Prefers clear,.". .tWfAIN LABEo Found in the Natale Oya fast flowing water."ILabeo 
 system near Dambulla. )Iay migratelisheri) 
 Occurs in Mahaweli Ganga upstZam to spawn.
 
-Systaemincluding the main
 
river below. andy.
 

Source E
Endemic species seminar sponsored by .TANS in Decemer, 1979..
Data on fishes provided by H.H. Costa, "P.R. Karnnaratn1 , R. .ananfyake,
S.a. Silva, G. Shut.. 
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Table 3-2
 

Species Composition of Fish Catches from Different Reservoirs and a Villu in Sri Lanka
 

Percent Fish Caich by Weight 1;
 

Introduced Indigenous to Freshwaters Introduced
 

Reservoir or Villu Year(s) Total Catch Tilapia Etroplus Labeo Wallago Other Barbus Goramy Common
 
(kg) Predators Carp
 

North Central Province
 

Parakrama Samudra 1'c64-66 1 516 010 77.4 6.6 15.3 0.7 1.0 0.6 0.1 0
 

Hinneriya Tank 1964-67 563 906 90.7 1.4 5.0 0.4 1.2 0.6 negligible 0
 

Karapola Viilu 1964-67 84 490 65.0 3.7 10.3 5.4 8.3 2.3 4.9 0.06
 

Eastern Province
 

Senanayake Samudra 1961-64 498 592 40.3 8.5 44.7 4.5 0.05 1.6 negligible 0
 

Southern Province
 

Huruthawela Tank 1974 21 223 81.0 4.0 0 0 5.6 6.4 2.7 0
 

Ridiyagama Tank 1974 541 641 95.0 1.3 0 0 2.0 1.0 0.08 0
 

Badagiriya Tank 1974 648 485 91.0 2.7 0 0 2.6 1.4 1.3 0
 

Udirkiriwewa 1974 48 008 2.0 71.0 0 0 10.7 11.4 4.8 0
 

Java Province
 

Chandrikawewa 1974 33 570 84.0 5.2 0 0 
 3.7 3.5 3.7 0.001
 

Java Sabaragamuwa
 

Frovinces
 

Udawalawe Reservoir 1974 473 597 96.0 0.5 0 0 2.0 0.3 0.7 0.02
 

Source : Fernando (1976)
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Th4a 3-3 
Mta ppttnipj to ; 

; 

Exs pgip1pr Tar1s in tbp Project Area
 

Tane Year (4) yield OuputtNqmber FLsI;n
8 	 of
 
(1B/h4/yr) (Tops/yT) 	 CraftF 
 isliernen* 

I q4 to 1044~ 225 
1972 260 
 49 	 88
 

Parakrama 
 1975 
 475 	 10201
Samudra 
 i976 
 498 1 .237 	 52-93
 
1977 
 452 	 112?4
 
1978 1
322 800
 

1955 to 1967 75 564
 
1972 	 82 
 25
 
1975 219 
 559
"innerlya 	 1976 
 127 	 319 
 15-38
 

Tank 	 1977 110 
 775
 
1978 159 
 400
 

1972 28 
 20, 	 34

1975 
 405 	 4,028


Kaudulla 	 1976 257 
 640 	 48-65
 
Tank 	 "1977 -54 383
 

1978 120 300
 

1961 to 1962 50 	 96
 
1972 	 44 02 	 64
Kantalai 
 1976 18 	 42 
 12-20


Tank 	 1977 18 42
 

Sources ; 	Hendis (1964),.Deparetne of Fisberies apd Pepaitment of .aisus qd Statistics (1972),

Hendis (1976), iTS Alppe; (1978)? V4nIsPry of F sheries (1979)
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Table 3-4 

Estimated Potential Fish Yields 'for the Proposed Reservoirs Based
 
on the Morpho-Edaphic Index from Wijeratne afid Costa (1979).
 

MEAN 	WATER LEVEL Electrical 3/ ESTIATED FISH YIELDS
 

Elev. Area Storage' Mean- Cg/ha/yr Annual
 
Dep.h •'Reservoir
 

RESERVOIR 2 Micromk s/ . Total
 

m km mcm m 	 Tons 

KOTTIALE .690 5.2 -120 23.1 33 2.5 .* 1.3. 0 

VICTOflIA 420 13.0 624 48.0 60 .22 .28.6 

RANDENIGALA 219 19.5. 810 .41.5 95 	 66.3
34 


MORAGAHAKANDA 176 18.0 280 15.5 169 , 103 
 185.4
 

.ROTALAWELA 63 .25.0 .70 2.8 .108 250 625.'0
 

.AAGE.290. - 2.5 136 .319305 

925.1.
BARJAGE 

ULHITIYA/ 05.6 20.2 122 6.0 107 145 292.-9 

RATKINDA OYA 

MADURU•OYA 944 34.8 536 9.7 
 138 124 431.5
 

I/ 	 Mean water elevations, reservoir areas and reservoir storages are estimated 
from area-capacity curves and using the 50% levels presented in the duration 
tables in NEDECO (1979) ANNEX.O. RUN 372 was selected for Kotmale, Victoria 
and Randenigala Reservoirs .and RUN 374 for Moragahakanda Reservoir. Estimates
for Rotalawela Reservoir-were derived from anaverage of the high and low 
water elevations and using the area capacity curve in NEDECO (1979) ANNEX 0. 
The Kandakadu Barrage ds assumed to always remain at full storage. -Data for 
Ulhitiya/Ratkinda Oya and Maduru Oya Reservoirs, are from NEDECO (1979) 
ANNEX B. 

2/ Mean depth is calculated as mean storage -.. mean area, except for the 
Kandakadu Barrage where the mean depth is approximated since storage data 
is not avalable. 

3/ 	 The .EC values uned we'e taken from available water quality data. Mean values 
were-used wher, possible and/or simple mass balance estimates were made 
using inflow dtita from NED!CO (1979) ANNEX B. 
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CHAPTER- 4 

WETLADS AND A(CJATIC WEEDS 

INTRODUCTION* 

Wetlands -are !areas which.areacovered by water or .have. 
saturated so. l moisture .'conditions over .a.-significant .io"
 
the annual cliaiatic -cycle. TheiT characteristic feature is an
 
Importance of'or. do iznce of water 
toleran; plants ,(yrophytes) 
"in-the biological c6munity. In this way -they differ from more 
-erma-ently wet and usually deeper water covered area '
 
lakes 'and from-less often wet, essentially terestrial 6ibitas
 

nbut :ther" are -frequently rather subtle intergradations etween
 
these different kinds of habitat -as -will*be 4vident' in -this 
consideration of :thdwetlands of the'Mahaweli Caga A.a-'a. -Wetlands 
vary considerably in their characteristics .adcording to factors 

such -as duration of wet condition (hydroperiod), d4pth of
 
.flaodingi salinity of water .and quantities of -uutri.enis.,
 
available.-.
 

•..A 
.Certain kinds of wetlands., especially "those of alluvial .. 


= =•

foodpluis, deltaic plins ,. 

•and. tidally affected•arelnds, 
the most:hghly pr6ductive zones of the biosphere..- 'This. *as' 
'the conclusion of Whitaker and *Likens (1977)'-,--i their-survey
 
of primary productivity of world ecosystems. -They found that
 
such swamps . and mnrshes have a mean net primary production -of

3000 g of ,oganic matter (dry'veight) per, m per.ar. Thi3
 
fgte is.20 
 percent higher than the *next,highest category which 

Is'thq algal reef ecosystem and three'.times higher than the 

mean for all wo.rld ecosystem. "Thus there can be no doubt Jthat. 
these vetlinds are a very important cmponentof the' b*.osh.re. 

'Their high net primary produ tion sustainis numerous othe?. 
organisms, .ncludir'g humanbeings, by complex 'ood web 
relationships. 
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-This-tendency for-high production under-wet conditions 

has shipeid human, culture in. iarioiis ways. Wit riceagriculture 

is a notable.example. To engage in this practice people have 

over-millenia engineered various ways of using wet areas and.. 

other.artificially created wetlands for this. purpose.: As in. any 


species have proliferated
form.of agriculture numerous. unwanted 

as-weeds in the paddy fieIds, irriiatio~i systems and drainage 

systems,and have caused great hindrance-.t achieving high" 

"producton 

SThe followin'section describe existiiig conditions and: 

fuiure anticipated conditions with regard to.wetlands. in the 

and the*proJect.area 'includj'ng wet paddy -cultivation areas 

*areas: o. aquatic. w+eed that are associated: with them.: 

Additionally, measures will be. suggested for dealii&with, some. 

problems thiLt'already exdi.t or may- later arisi 

MSTIN1G CONDITIONS: 

G;nez:.L Desciption of- Wetland 'andi Aquatic Weed Habitats 

in the. Lower Mahawel-i.Marsh3- areas, or villus., occur 


floodplain and deltaic: plain and, occupy depressions between
 

nituraL-: levee ridges of the. channels-of the Mahawli. and, its.
 

varwu active And., forter distributaries or between these&.
 

levee ridges:. and-adjacent- upland areias;.. The floodplain.
 

villus are ty0ically characterized by water tolerant; grasses.
 

and. a. wide-variaty of aq~iatic pl:Ants.. 'he, deltaic pliin.'.
 

villus: tand to have 'trees as wellr, especiallLi along. their

marins*. 
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The first "of th.e villus going..downstream are tde'
inter-coMected Handapan and Bendiya Villus .a few kilometers
 
.upstream.from the Maaweli river bdge near Xanamptiya'. -

At this point the alluvial .v-y'hey begins. 'The. deltaic plain"may be said -o begi .dh "first' 

beinwihthe irtdistributary.# -the 
dadu 

Ari, hh takes off ftom the' Tight b 
inid

and flo 'n' %
•western"side of the Mahawli before ttrejoinsnot theMabaweli 
but .anotherMahaweli*distributary, the. Verugal A . "locations 

S -t v-, are.phown on•f.igure,-4-1; 

The combined: flow- of -these merge atreams- eer s.the.aea near.Verugal. Some of this water -isdi.verted at.the "Verugal.anicut for -i rigation.works. Below .th "eVer-ugalAu 
hee.s "
 anctfrte 
one 'Aru there is.other major distributary, the.Xoddiyar..Aru, which reaches
the coast at Hutur; Both 'this and th main channel discharge
 
.into .Kddiyar Bay,' 
a large -and deep re-entrant'.of :the.-,

continental margin formed 
at 7he iead of a -submarine canyon.

The -3hore region .ofKoddiyar Bay near the mouths .of 
 the Mahllii 
Gangsa Is a sandy beach ridge terrai* of variable wdh .rh mangrove swamps fringing smal lagoon.-and -tidal strew. 

* The shore"Gf extreme western Koddlyar Bay epens into-the .
 
elongated and 

. .
 
shallow. Tambalagam Bay ;and its surroudingi' . , 

"mangrove swamps.. Tambalagam Bay is of 'interest because It
receive, run-off waters 'and .irigation return los fr the 

-XantAlai Tank of Sysiam'-D *and will zcieadtoaxeeie aioa i~nsmou 
*after pro3ect 'Implementaan.t 'M~angrove*aap also 0*cC'ur ' n.
arious 'large and. small lagoons along the.'Idia Ocean shore
 
The southern iit.'of 0the mangrove.area'of concern inreport is 'the thisestuary, at '.the-.mouthl. bf the Maduru .oakn, 

As the Valaichch•enai Aru4, 
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'Extensive tracts of'wet paddy cujivation exist in
 

areas i-rigated by water whichi'.i, stored i.the,several large

,tanks, and numerous smaller tanks of the area. These areas
 

are cropped-prinarily in the wet season and a smaller afea is
 

cultivated in the drier period as well.'. Aquatic weeds. invade.'. 
these. paddy fields-i,their associated. irrigation channels and. 
drains",. and the smaller tanks. In a few areas these aie chronic 

problems,"but generaly' their: abundanceI . is limited . by. the dry • 

season. conditions. Only.where water, i abundauh T'""a. large 

part of the year such as'in areas of obstructed drainage,. 

certain smaller tanks, double cropped areas and. villus., do the
 

weeds tend to be persi'stent.*
 

T?." tanks, especially shallow ones, are wetlands. of a. 
kind.; So e. shallow tanks. have, many resemblances to- villus.-at
least inr. their aquatix. pLant comunities,.. But'suc, shallow
tanks..are seldom'more- tha fe6s hectares in. extent.. The. 

AZIa£"Tank-of System. AA.s. aL. notable exception. This large 
shallow. tank- has. many of the features 'of a. Lllu which apparently 
is whal" it r-nbefore ft became a. tank,., as Aggeste by.-fia.. 

morphomat--, 

The deeper tanks (which are generally the larger 

tanks) *dwy havie little or no resemblanc to any of the. kinds 

.-* itlandi' described here. This. appears -to be the case' 

* riri£ly.becusa of their ather= exteme fluctuations. of water -' 

:reva"I ' deep watir"tolerant wetland species suib as 
byrnphaea "do notl. do well in the high water cbnditions; an. low 

Swiar "conditionsLead to extensives dessicatioi of the. tank. 

,beds. When: expoaed; the fe grasses: and anuals. that- can. invade

the. drawdown zone are subject to heavy- grazing. For.these 

reasons the drawdown zones of large tanks tend to have a barren
 

appearance due to their thin vegetation covere.
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VIl'lus. 

Water Levels - Water-which enters the villus comes 
fromc*tree.-source's., There are. rainfall, runoff from adjacent. 
higher areas and river water which enters: durirg high river
 

stages.6 "The, fluctuation;of water level in the. villus. is: a 
complex result of changing rainfall patterns and river stages., 
Durin& rainy periods, water levels in the villus may be higher 
tham. 
ath.;iver, loval'and where. there, are, .nte nnecting channel& 

theme is.- am outwar flow to the river., .When £he river is. high, 

.th. fIo. may b& the reverse, although- hiavy- rains- may produce.. 

out .warL,flow even. durinir high#rive.ar stages... When vitlus. are'
 
receiv-ing river waters, their water, is, quit-. turbid with.
 

rine-textured river borne sediment.. At.'other times the water
isi usual3 'quite clear althoueh heavy rains. may carry.. in much
 

sediment. from, adjacent -uplands.
 

-Most of fhe villus have direct. connections to the..,
 
MahaweiL 
 or. ts various didtributaries by means of' small.
 

chaninmeil,. Whe the river is l i but usually ot,.
me,. .,. 

of the -te=.of- the.'vil-lu. may flow out through these channels'.
 

tUsuallythese channels are; so small, and. shallow that a ~ti
 
amount.ofwater remains in the villu.. This water may aLso be.
 
toat~ through .evaporation and,'transpiratOu. during. the driest.
 

months', buv sOme.',of tha villus do retain, certai amounts of: 
Y; tar rundu~ln: ms:years.. Others become dry- or 4irtualy- so

f short:'peziodsnearly every year. rven whew surface water is 

gone there may- still be wet si conditions.. 

74getatiotr -..The distrIbutioir of vegetation in. the; 
vIllius'o' the aliuval valley-tends. to- show'4 characterist .ic

pattem which. is related&to the.hydroperiod and' the depth of 
,flhod. .0: margins, where" wat. 6onditiOthe- s . -are briefand
 

depth of flooding slight,, there are creeping grasses such as.:
 

Cynodon dactylon and various essentially terrestrial annual 
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plants which are capabke of surviving the brief inundations or
 

can produce new growth from seed rapidly enough to- occupy
 

this zone. during drier period . . Father from- the margin, the, 
.depth of-flooding.Lncreases,. and various truly hydrophytic
 

species appear including some that can grow well in tCerrestrial 

conditions, also.- Alternanthera sessilis and Polygonum sp-. are. 

comnon in this' zone and may be found. at different -times"growing 

in or-out of the watert. Jussiaea tepens, Scripus grossus, 

-Iuncus effuses,. Ipomoea,aquatica: and Monochoria hastata -are.
 

.coomonly,present in this zcie. The commonest species are 

various grasses, inc'luding Pauicum repens, Hygtohiza aristata,
 

Brachiaria. spp..' Sacciolepsis interruDtai: Echinocloa colonum, 

Paspal m vaginatum,,ryza app. and Paspalidium spp. Soma of'. 

these grasses, especially Hygrorhiza, extend into deeper water 

wiere' floating' leaved forms, such. as Aponogeton crispum. A.. Uatana, 

Vymyhoides'sp and the submerged. floating plant Ceratophzllum 

demerm, occur . Nelumbo nucifera which has floating and. 

emergent "eaves is. sometimes "abundan,. in this zone. Beyond. 

thL s zone in stilL deeper water and more prolonged - :operiod 

am associatm of Nympaea. stellata, and Ceratoph, m demersum. 

Is,.chaiarcteriz tic. 

The floating aquatic plant community can move- in and-: 

out of. all of these zones with the xising and falliing of water 

leveL.; Comoh floating plants- are. Salvinia- molesta and Ta 

bipiosa. Pistia. stratiotes. and. Azolri pinnata are sometimes 
abundaut. "Spirodela polyrhiza. and Neptunia oleraces. occur"
occasionally. . 'Some-v.illus re at times heavily covered .by-

Skivin .ia (floating fezn.. 

Some- treea occur. in wet conditions- around the mcgins, 

of the floodprain villus. Aong these are Tirminalia arguna, 

Madhuca: longfolia,. Barrin'tonia.asiatica and Mitragyna parviflora. 

In the deltaic plain villus, depth of inundation at times of 

flood peak3is not so gea~t since the flood waters spread far 
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and wide over the delta lands. 
 Here trees are more common and
 
mora widespread over the villus and incluoe, besides the
 

.above, extensive areas of Hibiscus tiliaceus. Villus in,this
 
area are.transitional with what are essentially areas of
 
swamp forests. 

Area of Villus - Since complete aerial photographic
 
cuverage of the. arpa. is uot yet.available,. it is-. not poisible to 
give an accuratie estimate of the- area'6f villus at the ptesent 
time.. Fro estimaes. of the area of vtllus made during
 
feasibL~ity studies of'-the 
Ltriga tion, systems composing the. 
project.area,; it is apparent tha t they-comprise approximately 
1Z,000 hectares., The report by !unting Surve-,s, Ltd. (1961)
 
states- that: there- were- 40,.000 
acres" (16,200. hectares). at that 

te.whifch woula. imply thiat a.- sizeable . diiwdnution of,villu.
 
area. miy have.already occured-
 A Fisheries Ministry' pap.r
 
ourdeveldpmient 
 of inland fisheries (Fisheries Ministry,, 1979) 
gwve an estimate of 10,00- acres (4.,05 hectares) which is. 
obviously- an underestimate. 
Without detailed vegetation
 

sure- it is not possible- to make an accurate extimate .of the
size-of sw .mp.fbrestareas,.but it is probably around: 3,00" 

fiecta~, 

,Livestock and Wildlife 
- Water buffalo and cattle
are ver' important species in.vil l 
 ecolbgy due, to. their . 
ieavy- u.tilization- of these land- for gtizing.. F.i 

iam. important activity as well.. " opli also gthaer edible plants 
fro the. villus tD a- certain xtent as well.as materials used 
im weaving,. 

The-. iLIu. suppr" larger variety of-wildlife, year' 
round and are- espeially important habitats- to many other 
species duringthe- dry season when surrounding'an.di are " 

particularly non-productive and lack water. Details concerningwildlife, in the projectarea ari presented-in Chapter 9. 
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Mangrove Swamps 

Distribution - *Mangrove swampsoccur.in a narrow
 
coastal strip. 7'Those likely to -bi' affected by the p-,oject.
 
extend from Tambalagam 3ay along the southerm shore of
 
Koddiyar Bay and'down the Indian Oceam 
 shore alm6tt._to.
 
Batticaloa (Fiuire. 4-1). The mangrove swamps have already
 
been substautially impacted by cutting,,.conversiou to. other use,-. r 

% .'* , .' ,


and obstrufto-6f'tidajl 
.
 

change.. The recent cyclone
 
(November'1978).also .did considerable 
damage to the remaining 

mangrove forests especially-in.the southerm.part of the 
area. The remaining mangrove. swamps theand estuarine water
 
bodies around which 
 they exist support importantfisheries 

. resour=es- ir.the. Koddiyar Bay area, the VaIaichchenai Aru.
 
estuary at the. mouth of 
the .Maduru Oya 'and in the coastal
 

vaterSo between. these. places.-.
 

f ' Varius- authors have described mangrove associations 

fbr particular areas' of Sri Lanka. or- in; a general way for- the. 
island as. whol (Tennant 15, 'Abeyvwickrama 1763, Aruchalvazm 
1968,,and, Ku gathasa .1969), None. of these. studies. specifically

refers. to7 the- area: of.concern in. this' report. It is clearfrom.: 

the~se and other studies. (Gaussen- et al., 1968) that mangrove
swampa throug outr.Sri Lanka. have,been -subject to- heavy

exploi tation.. for a long time and that. ".rtually no.effort
 

h"s been, made to. protect or reforest- these- areas.
 

angzove Vegetation -.. It: i'& apparent that the 
mangrove swamps adlacent toL the project area are substantiaLly. 

-d~ifefrent.froz those described:.. ftbm other part#- of. the! island, 
This £.TrefleCteF,.±u . less diverse. groupr of species among 
whcb. only. a, few account for most o'f the vegetatibn .cover. 

Some species have probably, disappeared entirely from the 
area but since previous accounts are, lacking, this beannot 
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proven., The gernis Btuguiera which is-a valued source of,
 

firewood, charcoal and pole timber throughout tropical.
 

Asi*4 and which is represented Isewhere in Sri Lanka, is
 

absent-or rare in the area, probably due to'everexiloLtatiou..' 
.", 

Some. typer of mangroves., including Bruguiera, do not reproduce. 

welr fr6m see'd especially when heavy cutting7 lea s to extansLve
 

clearing.. The seedlings-are heavily preyed"on by drabs' and
 

-other organisms and, clearings &ay also be quickly invaded by 

spedies, which form. exceptionally dense thickets sUch as. 

Acanthus iicifolius and Hibiscus tiliaceus which firther 

reduce: reseeding of cut over areas.. Thickets. of thes.e, two 

species ar. very- comorn in the area. in cut over areas where. 

'stumps of other species are still present indicating that 

these changes have occurrext.. 

The major' pecies whic-h exdst-in the area are.
 

.izophora mucronata, Avicennia marina. and Acanthus- iricifolius.
 

Lunmnitzera racemosa, Aegiceras corniculata and'Scyphiphora
 

hydrophy'llacea arL-'relatively comon,, Sofineratia caseolaris
 

is.a= ncosnon species.. 

According to Dr.. Balasubrmaniam of the. botany" 

..depatmenut. at the.tliversity bf Sri Lankitat Peradeniya there
 

is a- ye-y.rar endemic species.,. Sonneratia aperala, which' is"
 

known to!-e 'st only- fr9a-several, specimens: iW the. poJect area
 

neazHutf ., Thi- w.'s.. reported' to: him by- the DrW.Macnae, ne
 

of the world's - leading authorities on nangrovL- s "ps..'
 

.,Nangpv& associates, including Acrastichun aureum and 

*Hibiscus tilosceus , exist along- th nn margins. of the mangrove
 

swamps im'the. zone, of transition to riverina forest. Just: inland
 

o these thqre. are. scattered' smalL sitands of the 'iant reed,.
 

Phraegites karkis. The higher, les - fr&quently- f'lboded parta.
 

,of the tidal lands are hypersaline barren flats which are 

extinsive in' the- area. Along the fringes, of thesd,' halophytes such 

as Arthroceemum indicum.and Suadea monoica are common along with
 

Acanthus ilici folius.
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Other Wetlands.'
 

Smaller shallow tank of' the area often support'an 

aquatic plant community that is similar to. the villu. community 

.-but usually of a- reduced variety. of species.'. Such tanks may 
have wide fluctuatiohs of water lvet and may becone'- completely 
dxy ii the. dry- seaso-whch. resutts, in':a; select6n for species. 

capable of withstanding dessicated conditions. Those with

rhizomes..:that, endure: the dry' period tend to- becom& domlnants. 

elumbonuci'fera is.a. gpod example and. it is often the-.Principal 

speciesiz. the.,shallowest *tanks' r i= the- shallower, parts- off 
*tnks..In..deeper water situations Nymphaea stellata, another.
 

form wlZh. drought resistant rhizomes, is common. Species of 

Aponogeton are also. comon Ln shallower and intermediate. 

depths.and are- alsb favored by their drought resistant 

underground organs-,- Other plants- that can survive dry-, 

conditionsi for prolonge& periods Are- also abundant, These " 

include_-many, of the same. grasses typical. of the villus- and 

.fot.m such-as: Polykanum sp. In such: tanks, Ceratophyl-lum demersum 

•is common.. Floating- fbrms are also abundant, in some. of the... 

more permanent tanks. including"the problem species, Salvinia,
 

molest....
 

The!'high. level irrigation, canals whic distribute the
 
water- fro- larger tanks in. thL-. area usually &re constructedwtrth
 

butnds b. .' Where they .cross. terrains . of*
01? dowaslope side.. 

i~awslop.e,.water may,spread.over ida. areas. or thle. opposite.: 
sie, .. :and wetland. areas- characterized by, various grasses and-. 

T javanica. gix't-. Certain, other areas of wetlinds, exst 
whiera.bunds: of trriKgtiow channels crosi depressions, in. the 

ta.rrga:.and. 'cefite. impounded drainagie. budi tions. -Typically 

theao, becoiue. ariias for water weeds ancl wiliL ha,. described in. 

the. section, following. 
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Areas 6f Water Weed Infestation 

Water Hyacinth.- The occurrence of water hyacinth 

around the- Kaudulla Tank s an. informative case to cbnsidei"as. 

an. ill.stration of how. these. weeds 6an be spread and established 

itr. at arer.. Since bther occurrences. -in. ths surrbunding. area." 

are nrt known, it appears probable, that this plant was'introduced 

into. the&area by human aency probably prior to."1969. That. it 

survived, and. began. to. spicad owes muc4 to .certain, conditions" 

.-oud& In this area.. The. Gal O¥.and. the Mnneiya-Kantalai. 

iodda.a which: intersect i this, wicini t3y provide- water- and. 

nutrients, to. the area year round, Impounded drainage on the . 

w sida. of result, of. bunds-and. otheriestern the. Yoda. Ela*as.a 

obstructiOns to..flow created' s'lack :water- areas. favorable toq 

waterweed proliferation-.' Humansettlements in this: area may-'.have 

adde& nutrients to.'these. impounded areas. and stimulated. -grh 

or water-.weeds. Ther.blockage' of the. Gal Oya 'just below Ga.Z!Ova' 

:'Junctio~b a. road crossing whict al1ows only culvert" flow..,at 

•oe an. example ".erver.stages: is of the. kind. of obstruction. 


that.-cnm favor the.- estabitslhmet:at of water weeds .This. fzkediat:e
 

are&:seems to be the..centewfrom hich the. water hyacinth: has:
 

. . Figurer• 4 ° 

..-What'is alreAdy- happening in. iystea fl Ls a- very.good
 

ilUstratidn of-what .thit*impact, of'a. water hyacintli inv7&sfon 
 ' 

cam" be ika.. f=.the vicini ty oEGaL Oya. Junction. wter hyacinth. 

they: present. time, Lt occuple&extensive areaa 'of water surftce: and
grows iir very- robst fr-om-with.' leaf.petoles-up, to nealy.a , 

meter- in'length.*i-a soim. Specimens.., Dentser. f-1oating& mats Are 

heavily' invaded".by' Mikania- scandens~a vine whidh;j tsines about. 
•the.hyacinth; plant to 'form- a.,tagledm.. typa ft. even'p.asent 

it this- mat:... 
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•Water hyacinth extends from.Gal Oya Junction along

th- Minneriya - Kantalai .'oda- Ela and is 
 said by Irriga~tion

engineers .in 
 this. district to .enter the Kantalai Tank frequently

,although.itis not_,presently knowm to have escaped from the 
K'talai Tank, into its' command area. as- it did fro " the"Kaudulla.'
Tank.. The Minnriya-Kantalai Yo.da Ela is a- principal fea'ture'
 
of the dntire .proj'ect.. The occurrence-'of watewliyacinth 
in'' 
this important artery- for transport of iirigation water has.
 
very' serious. implicatioa. .
 

D• wstree of. the Kidulla Tank. water- hyacinth is. 
extensively,spread. 
In the Kaudulla Oya, the principal

drainage way below 
this" tank, water hyacinth roots in the
 
sOil 6f the banks when the- Water 
 is- low and grows as a terrestrial

.plant. Only to renew- its aquatic. habi.t when the water rises.
 
..From this channel and 
 also through the irrigation channeli it
 
has- entered- the. 'smaller scale. irrigation' and drainage. ways 
 '
 
where, its effects. are, .most damaging.. 
 'I these, drains.. it
 
-frequently occurs. together with dense stands. of -Scirpus g'rossus
 
and. frzi quentl wit -heavy-.growth' of rpomoea aguatica, Buffalo
observed feeding in. these draius were selectively feeding on
the'6moe 

. • . and- leaing. the water. hyacinthh atone..oeorlss 
h :The-.growths 

may.beso thick. that they more or lesscompletely b6lock
drainage- and' backed-up, drainage- water 
the
 

overflows into fiaid "
 
cartying the.water hyacinth with it-_
 

&Severa.l iles. downstream of thei Kaudulla' Tank Local
residentssay 
 that it arrived in. their 
.year- Ago..(1975,) .. It: now occurs, virtuafly throughout the,
 

cmnand area. close 
 to:the principal drainageway.. is.. "
 
- , 1 ., . a . iesttiMated that ts removal. at p:esent eosts about 2500 

rupes. per acre 
of water"surface covered, bugenirally,. fmda
 
are. inadequate" to" reove more. than a- min6r'part,of, it. Local. 
residents have been asked to' remove it- themselves, but such 
efforts have seldpm materialized. "
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There. is" no- particular reason o be1ieve. that what. 

has'happened in System D will"not also happen Va the other 
sy~s~ems. When it does extensivecrop losses can be expected. 

;TWLKaudulla Oya.dischargis7 into, the. Mahawelti 'Ganga in which 
waier hyacinth can be expected to-spread into.alL-connected"
 

water bodies downstream br. the river currents.. 

Floating aquaticq plants. may provide the: substrate to 
support the-, growth of other wetlanda species. with a non-floating 

'habit,. gcd. example- of this can be seen at' the al O.

.Juncrtion- arwhere the. derme stands of robust water hyacinth 

heavily overgrown by the-tra Iing vine l4ikania scandens-which 
.binds. togather the water hyacinth into- stable"mats,.. Padicum 
repens and even Typha is rooted. in. this mat.. Such.aggregations 

• of fIoatiqg- plants .with non-floating species rooted in them
 
are referred to- as. sudds,. a name. derived from' the.. large swamp
 
i" 'the, Sudan. known a&. the: Sudd where- such octurrences are comnon. 

Foati'.. Fern .- .Tanks, in Systen AB* ch have heavy

.growtI-is f floating ferns (Salvinia) often show:.-sud& formation. 

' . thase ,. small. sedgesc (Cyperus sp.), tpomoea aatc,
 
Polygonum and Panicum species coloni.ze, the. dense- floating,
 

growth.. Patches- of' this' aszemb-laje, of plants CaI
of. Sal~fnia. 

be. seen -floating7 abou t on the- tank surface where they often
 
cover ueary the entire area.
 

.. ,.. .... :; • . • . .. . .. . ". 

Savinia moles t- s 'widep'read thro'ughout the area..
 
.., frquently cover& the. 
surface of. small tanks. and. .viLlU*,' 

Areas of impounded' drainage' due to bunds associated. with 

irrigatiom and o contro rks ar usualy- wholly or partly 
,.,covered.. rn"mauy- areas: t:.occurs fL rc-t fiedas. aspeciarily'
 

thsa 0E poor d na or those that have:been affected bi,
-.

IfLOding.. .. is.vat abundant along the lower. MahaeI" Gang& 

- driftin. anr'in the. current..and- becoming ! stranded in.larg
 

massta i.thav egetaioo .of th. banks.'
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•-It should be noted for those not familiar with
 
Sri Lanka,, that Salvinia is usually present here in its. third
 
phase- growth form which ° is ,.quite-different in'appearance and 
far morp- robust than the second phase erowth form tisually seen 
in more. temperate. latitudes, 

Other Aquatic Plants •Typha",anica is also 
widespread- throughout. the- area.. It-is.especially common in. 
rice.fields with poorer drainage conditioni and some such areas* 
have',ben vix aIy-.abandoned to. this weed It..occurs as. 
'wei. theminor irrigation: and drainhge works where its flow
 
Sbiockage, effects, are sevee Owing to the tough, solidly
 
•rooted abundance or rhizomes characteristic .of Typha. it is
 
extremely difficult to eradicate. "
 

I., . fields with poor drainage. have, a -large variety
 
-'of aquatic. weeds 
besides the. above'. Even. Nymphaea stellata 
is'seen. in, extreme cases.. Such places are usually ,being actively 

. r by a-.' Nymphoides indicum, Asteracantha longifolia. 
*and. 's grossus, may. be common., These fields are only'
 
m.rginally productive and. are. often abandoned.but remain,as"
 
'centers'for spread of aquatic plants to nearby 
areas.. 

Rice' fields of. better drainage may al'so' have large. 
tzmbers of weeds with. large. numbers. of sedges and grasses 
.amon9 them. These.include species of' anicum and Echinocloa,
 
large nubAr=- of.sedges of the genii erus, Leersia hexandra,
 

and'Eragrostib tenella.
 

Larger, and: -intermediate, scale irrigation channels 
somatime. wood- problems.. *The banks.' are usuaIllimdb 

Panicum and Echinocloa species which float dutward over. tha. 
water surface. 'pomoee aai c n. also'send' long streaming 
shoots .dtiover the water._surface. 
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Potamceton sp.. occurs in some areas as a submergent that. 

floats near the water surface.. .Hydrlla verticillata and 

Valli-neria spiralis are'sometimes extremely abundant. 

Aponogeton crspUs,'p. natans., A. moriostachyon, Najas Minor
 
and Jussiaea repens are sometimes comonu. 

The nor irrgation ditches :which feed the rice
 

fields: have heavy'growths of various water tolerant,° plants
4 

whic.h'must regularly be clear'ed by the farmers.. Panicum and 

Echinocloa specie4 are, again. very abundant +, T is con. 

as-wall, and in mani aiea-k P'ennisetum typhoides is. very- abundant 

ir. the ditches. Other- commoM forms are Conmneline salicifoia, 

Alternanthera sessilis and Mimosa pudica.
 

Many of the same species which occur in. the better. 

drained, paddy and in the minor irrigation. works occuras wel 

on. the. paddy- field: bunds. These bunds cover a largre area. of land' 

"ndmlehe:"they are not kept trimmed,. whith is more ofte: tam " 

not! the case,: -they represent.-an: abundant"source of seed for 

wads. This is also true: 'if t.ey are. on-ly trimmed' after seed 

has-already matured.'. 

DIAC ANALYSIS 

Effecit of -AtChanging'."RiverE. Flow:o . . ..... 

.' elopwat o1 the diversion scheme& described: 

by-'MDEPO" (L979) about 60' percenit of the. totl 'aniual Mahai;4iL
 

.Gang fLow Cu measured at: Manmpitiya) will be diverted.
 

Mfn.r oe.'this, flow w:lL1 divertdd.,t other drainage basins and."
 

not ratri.t" 'the Maawik Gangs,;. Of' the remainder probably
 

=;y. ZO-30. peti is likl~y- t. re-enter th,.MahaweLi. as
4 . . . * A ' .. ", : . . 

irriadoi 'reu~nflow and. perhaps. less than. this during the. 

dry- se7&0so; Although the- NEDECO study in- its; environmentak, 
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section (Annex K) states as a recommendaion. for protection of' 

fishieries that !'the minimum discharge of the Mahaweli should 

not-drop below.the historical mihniumV it fs nowhere clear

frm.the:various project reports .that such a drop cau'be avoided. 

Hicirical.y;:. the- minimum discharge of the 'lower' 

river-,udu,&ly ccurs in March., Since this will be imediatel 

after the period of greatest water ;accumulation i'n the reservoirs 

Itmay b6 possible to. keep the flow for.14arch at.their 

hi'storicat level's "bu'then will followlai "sf:i moth -'" "' 

(April. taSeptember) of heavy ddmand for ,diversion waters. with 

no net accumunation inthe -resirioirs (except far a minor 

increment in August>. It is difficult to forsee any other 
resuit'.than & fall of Iriver flow during much- of tbis period 

.t6 levels even lower. than the March level. This -low water 

levet'will not only be lowe -but, more. prolonged. as well**
 
*During exceptionally dxy years there may0 be. almost no. flo in
 

_ea. . ther a'.amotn-lw 

the lowen river.. 

iEf.ECO- (1979) indicateas that in e.arly stages of the 

Mahaweli scheme (pror*t fulL diversion) there may be, more dry. 

season .fIow than usual .in- the lower river.. This. may be- based 

on the view'that return flogs will be large in tha dri. season. 

This may not ba.substantiated and ueds further- do'umentatiVon, 

butiat~any rate,. this would only pos;.tp.one.dry seaioa river flow 
* . . , .• .'reductions.- for ashr time. flonger range plans- for greater 

diverulon of-watar. froi. the Mahasieli basin. are completed.. 1ni 

this studj iLt imuuzt b&assumzed that they will. bik., 

&tar balance studies are hot yet. available which 

.. pridlct: the effects "the proposed' diversion wilt hiv on river 

s.tages in. thei lower.Mahawli (f6r. instance at the anampitiya 

.,aging statiLon).) ThLs'xould allow much better judgement of the 

effacts on. the floodplair lands. Lacking.this, it.is. necessary
 
.to. poceed qualitatively in. a descriptioz" of the 'rnvivonmental
 

ipacts. of changed river flows. 
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Villus - The annual cycles of rainfall and river 

fiooding are basic..factor; in the existence of villus in'their 

presi.. forms. These- bring about, prolonged periods of. flooding 

in the- low-lying areas and. a-lso transport nutrients into them, 

supporting a. high level- of"net primary- productivity which in 
turn: supports high populations- of wildlife and 'fish, . Around. 

the. villus. there are also sizeabli populations of domesticated 

grazing. animals. which depend largely on this primary production. 

sou'e. s do those families whos. food or livelihood depends 

upom grazing animl. or fisheries resources., This. dependence 

oanimals. and humans on. the- villus is especially critical, 

during the dry season .and drier than normal periods. 

The impact of the. reduced flow of the lower Mahaweli
 

ot. the .vilIlus.will, be a substantial reduction. in. their area bF
 

an. indeterminate, but probably- large amount.. The. reduction. of
 

hi.gh tiver flows wilrmean. that. the higher,' less frequently 

flooded areas _of the..villgs wili no longer-be subject, to 

inundation' and wilL.no, longer. have the characteristics of 

Swatlands. .1 Dilfferent kinds- of-terrestrial.- *... 
vegetatl-o= /• will 

•ba.coeme established, or the' vilIa may- become altered in other ways. 

sucL aa by- cultivation of paddy- or utiliz tLo for ot.her. purposes., 

Reduced dry season. flow. will lead-to prolonged exposure 

64 some--baorly water covered. villu areas. to. such an extent' 

that evenr Iar areas may essentially Lose*their character -

a.wetlands.. These. areas -ill be flomded only briefly by the 

.iminished river floods-.. Much reduced .areaswill. retain 

essentially wetland.characteristics-. 

ThE dedline. in. area. of,these im rtant*habita.ts. will 

Lead- . a loss of wildlifa. from- the area-in- terms of number of 

-indviduala and probably in. numbers. of species as wll.. The 

- saMe can beiexpected: with fish and oter aquatic organisms 

including those exploited locally in fisheries, Cattle and 

' waer buffala will decline in numbers due to the loss of area 
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of hi .)hly productive grazing land',. aggravating-a trend that 
already is affecting- the area. The.buffalo,population -inSystem
 
D has declined by tW- hir.ds"and. the:cattle population by one 
fourth- in the last several years largely as a result of loss 
of*grazing land.. The-reduced areas,of villus wilt be subject
to,. very in tense:..grazing until the number. of-aninials' declines " 

to. anew'equilbriudm level.. 

The.buffalo is.anoespecia
 

vfilin- ecology-aodlias special importance%i-n human ecology, as
 
..wt ."sinc. .it"provides: draft power, fertilizer and. food "Pathak 
(1979 ) has. shown. that when, buffhloes, are used 'fTo tillage and 
threshing the ratio of power output to power' input for paddy
pxoduction 'is highef than when tractors or human power alone. 
is. used-.. Pathak. notes that this has: obvious significance in.A. 
Stime of dwindling oil resources. 

Due t6 reduced-, river flow. the Mahaweli can be
 
expected to 
 show, &.greater tendency to cut laterally into . 
earlier alluvial deposits. - Slumping, of banks. on the natural 
reve' lands wiIl. diminish .he extent of certain: lands• adjacent 
to- the. ch inel including some .villu. areas Bridges and other 

. ' •. . - . •
 .
* 

'public. works. may be endangered, or lost' due. to lateral wandering 
of the diminished' river over its' former chanel areas In.
 
Sy'stem'H, for instasce, the Kala Oy& has 
 destroyed a recently.
 
coustructed. bridge 
a few kilmbters downstream of' the. ala Wewa., 

m have resulted' in. part fra- greater tendency of the 
*channaL td. igrate following- reduction. of' 'flow- from~increased:
diversion.of wiaeer. ... 

Mangrove- Swamps- Reduced river flow, wilt also affec t, 

mangrove swamp areas..Less riverwater entering tlh•coasaI 

aiiALlad-o, eeraly-highe4hq'- salnit, ctdiosin the 
.estuarine'region ,specially during period4. of low river flow 
4hiUc. wilf become more prolonged. 'Since. the low river flow 
conditiona coincide with' the dry p'eriod, salinity-increases may 
b large . : -. 
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Even now the intertidal area is characterized by 
extensive areas of. barren hypersaline tidal flats in the areas 
-that are- le.ss frequently -flooded by- the tides. When saliniti-es 
increase such barren flats will increase" in area and. spread over 
areas now vegetated by mangroves. There may also be a tendency
 
for mangroves to spread into areas where basically, fresh water 

• onditio' nou: prevail ,as salinities inCrease; but since .these.' 

areas are for the most part already in "utilizatf-on in various waysby people now in the area such saline incursions will probably 

be timited. -At6y rate, any new mangrove areas that may. come 
into exdst e. through salinity intrusion will do so at the..
 
expense of other-,land uses 
such-as paddy areas,or vrazing .lands.. 

* • 

Another impact on. the mangrove swamp will be of a.
 
vsecondarr kind,. With 
 the' influx of greater numbers of people into 
the area as settlers and: from the economic stimulus of the'. 
project on the whole- region, there will be a considerable increase
 
inr demand fbr, firewood, charcoal and structural timber., 'This.
 
rill. lead to greater'cutting of mangroves unless effective 
measures* 

of prrtection, and conservation are. taken. Such cutting is.
 
apparently alreidy going 
on at~an excessive rate im the area
 

.with no conservation practices. Heavily cutover areas in
 
mangrove- swamps do not"readily regenerate naturally. In the.
 
higher.parts of the- intertidal'area cutover areas may becne.
 
barren flats. due: to 
increased evaporation and salt accumulation
 
im the. soil. In-other areas regeneration will be hindered by
 
groO .th.of th ckaL formiig'species, and'.predation 
on seedlings 

,by'various organisms. 

.Economic assesment of the potential resource loss in 
.. tha projedt is hampered in various cases, by te:l fact that many-. 

resources: that. may.'ba, lost. are as-.yet underdeve-loped or have
 
-been. ovetexplotiad- to: the poiuitwheri'their continued -viability
 
is dubious.. The. mangroves ae, a gdod' example of- a case of
 
overexploitatioz 
 with little effort. to protect the. resource forater generations. Mangrove reforest'ation s a. difficul" 
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.undert.'i.ng even' when active conservation programs exist. Where 

they do not exist., as 'in Sri Lanka, there is !.. tle' that can be: 

expected except a continuing declineb Thia has broader 

ramifications with respect to fisheries'which 'are linked to.
 

these resources.

.Turner
(1977Y has shown an interesting'relationship
 

--that indicates, that the catch of. shrimp. is correlated with the 
aie& of intertidaL vegetation (mangrovi swamps and salt marshes) 
and that the yield'of shrimp per Ictare of'intertidal 

vegetatiod increases -approaching the equator.bacause.of the 

larger amounts of solar energy- .Sri' Lanka- for- iiistance, is.' 
*shown to- have a high yield of. shrimp per hectare Of' intertidal 

vegetation of the order of 170 kg/hectare, a figure exoeeded by 
only a few places in the world.. Thus the loss. of a hec-tare, of 

mangrove would result in the. loss of about this amount of annual
 

shrimp production. Since shrimp trawling 'also results'in fish
 

production that may be 4-6. times,larger the loss may be far
 
greater for the 
total fishery. As Turner. states "The economics 

of mechanized trawling in. developing countries are such that 

the sh_---mp catch pays for most of the. effort expended catching
shrimp: and-fish, Even "ifthese. skme fish were not estuarine-. 

'Jeoendent and were. present 'after .removal of int'ertidal areas,.• 
il most. instances it-would not be, economicato harvest them." 

Imoact of Return Flows and Drainage Waters 

A: number of. Changes thatwill result from. the project 
.;ill 	 tend to increase. local runoff from upland areas into 
low-lying areas such' as villus, paddy fields and drainage ways.. 

Som of. the. upland.areas ill. be cleared of forest vegetation 

to* be paced in agriculture. Thts will have an. immediate effect 

of increasing runoff from the; cleared' areas.. ,ny of the crops. 
that may be culttvated,"require good. dAiainage for best production. 

so it L necessary to design plantings. so that local heavy 

iuinfalls.or prolonged wet periods do not lead to water-logged 

soil 'conditions.. This also•+equires iicieasingrrunoff'into lower 
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areas. -Sediment fromt eroded soil and nutrients from fertilizer
 
..are also' discharged by this runoff to the lower lying areas
 

where they may. have various adverse impacts primarily from 
sedimentation and eutrophication.
 

Human. settlements on uplands also have significant 
impacts on. runolf since they are.areas that must have good
 
.drainage also and are 
areas of. heavy water use.. This runoff
 
includes the waste-water of the human- stttlements which may Lead
 
to.eutrophication.and disease transmission -to: the areas receiving-.
 

• * S .th#e'runof f- fromL the settlements.. treeless : se*ttlemcftg with' 
tiled'roof housin, and extensive paved areas,, to give air 
example, will Obviously discharge, water faster-than the same 
areas would if they were covered even wi.th light forest.. 

:.Lt is apparent that ireturm flows from irrigation- and.
 
drainage will be ' threat to the- preservation of the-villus in
 
-their present. state" This is so. for"various reasons. For" 
example,. th fact that the villus are the lowest-lying feature's.
 
in tke landscape. of the. alluvial. flood plain (except 
for the.' 
river :h2 lItself) makes. them. obvious places. for. discharge.
 
of irrigationretur, flows 
and drainage waters.. Or, as anohher
 
example,, the reduced. volume. of flowof the lower- Mahaeli 
Ganga&
 
wl" mean that the waters entering- 'the. villus frcm return flows
 
and drainage willbec 
 oo t of muc) greater
 
importance in' the overaL. water budget 
of the. villus due to. 

"ress river water entering. them. 

-9Utrophiaation is. a. technical. term for the:. process of.
 
u.trient iccumul'atiotL in a biological, system. 'It is chiefly
• - , ' . . '.*. . . ., ..

ti'applia to- va;,system where cri tical levels. can be. reached" 
It~t mhae- evatatng.effects o. the- stability of the system. 

,This.. s-o because aqatie.systems. have production level maxima. 
that are relate& to the speect of oxygen circulation through the
 
system. This circulation of oxygen has finita limits which are
set by water flow velocities and diffUsiO rates of oxyeen. 
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Since diffusion of oxygen" is slow, stilL'wate4 aquatic habitats 

may be e'specially limited in their overall level.of produc-tion 

whi-'e flowing.water habitats are less so. 

h'temperate7 limstes one of the first indications of 
eutroPhir-tion%*of a-water Urody.is. the.,appearance of large 
number=... plytoplonkton.. In tropical.and'subtr6picalareas 

this Stage yquickly pasi to a.stage.imiwhich floating. aquatic•~ = b " I=t'. . . '
 
veiitation b gris, to prolkiferate, on the surface'. When such 

growths become dense. tiey shit off liot and restriet circulation 
.of the water .sothat poor .oxygen conditions develop 'very- quickly

in the. water beneath.the-floating planEs. -When the production 
level of-an aquatic:system progrbsses through eutrophication to
 
.the.point at which oxygen circulatidn is no' longer 'adequate 

-to sustai it, then mortalities 'of certain elements of the aquatic 

.fauna may. result. 

The Handapan Villu which is the.most upstream of the.
 

vflrusiis likely tW be one of the mo.t heavily impacted of all.
 
Thi's-:vllU will receive: roturn flow and runbff from c large area 

*of.-' SYsiam.C:via, the. stream ,cAIled the. Hungaala. Ela. The
 
"Handapa:7VIlu is not presefitly connected. t9 the Mahaweli Ganga.
 

? stibly a. direct connection once exi'sted. but 'this may. have "bein 
•.severed."by- the. construcetion of a tank near 'aklure. Currently 
,:thtS, vfLUu-overflos-. into the adjacent Bendiya Villu which has 

.'had:untiL recently-rather dirict coymections Ibut these are. 
•.obtructed..nw-by road crossingi which have confined flow to 
smnl" culverts and. reduced fLow.velocities.ta such an extent 

that the. channels-have. become choked hrith sand., Thus, the 

Handapan.and-Bndiya Villus aremore, or less isolated. from. the. 
•rivei' &xtp-.'attimes.of.high. flooding-.. Runof- and iri'gtion 
;atunn flows.whith will be entering.themni Aundance' following
 
theimPlemen'tatbn o':System C agricultural d'evelopment will'
 

- tend. to keep tlese vil-lua" flooded.. They will. also'bung about 
e;trophication, ptoliferation of aquatic weed species, 
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sedi -ntation,, accumulation of various pesticides and possible 
saiinization around the iillu margins. 

Around villus. in the uppermost less frequently flooded 
margins there is often a.zone of relatively little vegetation
 
cover. .* To some extent this is due to heavy grazing but italso
 
seems.probable that these are.zones of occasional high soil
 
salinities expecially during the dry season with retardation of 
plant growth..due to salt. 'It is to be expected that with 
•greater amounts of drainage and.irrigation return flow waters
 
ente n&. the.Jvillu depressions' such salinization is. likely 
to increase and affect a broader zone.around the diminished'
 
villus., This will negatively affect the •quality of these
 
lands for grazing animals ,.by reducing grass production. -The
 
possibility that these soils-are already salinized should be
 
checked by field measurements during the next dryseason, 

Impact From Aquatic Weeds 

The introduction of large amounts of additional water 
and' fertiLzer and the. creation of large.areas of new aqua-tic 
habitat wilt inevitably increase the numbers of aquatic plants in 
the- area. Ofithese,.particular problem species. can be-expected
 
ta vigorously proliferat. 
 The three majpr.problem specie&,
 
iater hyacinth, Salvinia and T,, 
 can be expected to spread
 
rapidly through. the. system;, in 
 fact, they are.alredy doing *so,
 
Other problem species,, especially -numerous grasses and sedges,.
 
wUL become more of a,ntisance,. Extensive effortsv to control 
al-ofE these -species will be.required and will add to the ccot
 
oF operating the irrigation and production systems,.
 

. , *. .
 - - . " . . / 
Wher& eutrophication. i. pariicuyarly a.problem due to 

return"flows,, runoff- from .upland: areas, wastewater or other sources, 
chronically poo-r water quality and-persistently dense growths of 
water weeds.can be ex;ected e. Sma-ller tanks and the diminished villu
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areas 
that will remain after the project will be especially 
vulnerable to these kinds of changes as indeed many are 
aliady." Such-conditions.may reduce potential fisheries. 
resources of these areas.. 

The larie reservoirs associ-ated with the hydropower 
and' irigation schemes may also be. invaded by water weeds. 
The occurrence of water hyacinth in Gregory's Lake 'near 
Ntrwara Eiya. is supportive. of the view that water hyacinth could 
possibly occur'.e these reservoirs. sirarrervoir in many 
parts of the worrd have been invaded by water hyacinth and
 
"Salvinia. 
Salvinia will probably occur also in the lower
 
reservoirs, Out-braaks- of water weeds would not occur if
 
catchment areas could be protected frc. extensive,deforestation
 
and settlemant, in this project, this may be possible only for 
the Kotmale catchment,, but.'even here this will require extensive 
reforestation and may not be attainable

rt may take severa-i years for water weed problems to
 
becce "severe and chronic in the reservoirs due to a time lag
during which nutrients will'be accunmmlating in the system.. If 
water weed cove= becomes extensive, oxygenation of the.reservoir 
water will. become poorer=-and limit their value for fisheriesb. 

Water weed infestations such as those already known'
to occur on: smaller: tanks in System R and System B.can be expected 

t. occ r with. increasing frequency.. Sin tIer tanks which receive 
appreciable.amounts, of runoff and irrigation, return flow such as 
the Vakavei-L Tank'of Sy'stem B will be eve, more seriously and
 
quickly affected.
 

Ileduced. flow in the lower Mahaweli Ganga will favour.
 more extensive. grew o: Ualvinia which 
 is already commo..'in the
 
river channel. Diminished flow velocity will mean that these
 
'plants will not be carried do-nstream and out to sea as rapidly
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as. before while their growth rate will. increase from greater 
quantities of nutrients in the river water. The possibility 
exists.that Salvinia may spread at times'of lower water flow to.
 
cover the entire river surface as.
is the case in certain other
.Sri-Lankan-.rivers such as'.*.the Deduru Oya "at'the present time, 
elow the Kandakadu Barrage where water flow in the- lower 
river will at times.be most sharply reduced these proliferations 
can be expected. to be most severe., In the 2900 hectare reservoir
behind the.Kandakadu structure, Salvini-ais'.also ikely to.-becomeabundant.' Sinc. water hyacinth is aLready"welL established 

and'spreading near to these areas it should be expected that it
 
will probably enter the. lower river and 
 the Kandakadu Reservoir 
where its effects will be even more severe than Salvinia."
 

.Wateroocies covered by floating water weeds are often
 
sai& i6tlose water more rapidly- than open water bodies. Published

estimates of the magnitudeiof thi's effect for Water hyacinth 
vary-.ide-l over a-range of about 1.4-6 times.greater than
 
water loss from open mater. This variation in meAsurement of
 
trans.irational effects make it 
 uncertain how much. water loss.
 
can:bedue to* transpiration. However, even the lower range-of
 
the estimates would .signify.a- ibss. of 407. of water resources
 
ir= areas, heavily infested by- water hyacinth.. 

The. reasons for tha.'higher-water 1oss'axe not
 
certain., 
 The. mose recent research (Linacre 197.>had. indicated 

*:1t higher water- loses: ar- 6' b, expected: only..i. situation&,
 
where advective energy, transfer is 
 e.specially. important.
 
!Thus, 
narrow canals,. small wet depressions along canals', small. 

Stanks, and 'small area.s of paddy where advection is. likely to 
be great.ioulc be arenas of heaviest.wat'er loss due to. water 

weed! infdstation. 
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•Pistia stratiotes, another'floating weed recently

introduced.in'to Sri Lanka, is already fairly widespread in the
area"-specially along the' 
 fIluus and will'probably become more
 
common in the. future. This weed'deserves .special mention


.because.it is. 
 known to create. breeding conditions favourable 

for t~ansonia mosquitos which are- responsiblefilariasi.af for the spread of. d.isease also .known in its later stges as.eicephaltt..Pia-ta 
-i'tia 
 also provide;*a fo etkephaliiio..breeding habitit' for "encephaii-... carrying" 

mosquito specie--
-


SImpact ofthe KandakaduBarrage 

A. low lrevel dam on the lower Mahajelj slightly:upstreamof the settlement of Kandakadu is being considered, in the overall
plan.: - The. purpose of this structure would be. to:divert water
irrigation, i= System A.' 

for
 
"n plans t6 date, it is estimated that
.during. times of higher river flow "the reservoir behind this
 

structure would cover about 2.900 hectares.. On the eastern side"
 
severa-L 
 villu-area& will, be.fooded while on thefwesterns dea

bund is proposed:o-limit .th 
rise of water over those lands. 

Since: the. depth df. flooding. produced. will. be relativelyshallow-, tha affected villu areas; may retainmcertafn of their 
wpresentwtlands. characterisiIcs'," The typical villu. vegetation. 

sprea~d.oshouldshould spriac--tn. h:[grlhavel...oie levels alog ~the margins while -in: theareas. of bighes4t depth otflooding it maybe flooded out so that

ehsentSally, Iak4 
 habLtat ilL exist-. 'These Idnds of changes.

that might- be -expectici maY beprofbndyb

Tproliferation.of ,water weeds
.bpo dly modified howave byto such an extent that the- ex.ude 

"the other 'wtlands species and deteribrate. water qualityc o d z m u t , i. ,n .h 

,
coni~~on~ himusz-n 

a 

fact,,i be regarFded am.a-ra-ther likealydevelopmnt foF severia, reasons state'd beirut: 
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The Kandakadu Reser-'oir will be large and shalloe. it 
wilL§ have. a high flow through of Mahaweli riVer water for much 
of the year. Considerable amounts of irrigation return flow 
and drainage water will be. part of this flow. through. at most 
times of the year.. Salvinia is already. a problem in the villu
that will be flooded. ater hyacinth is- s"reading in. this
 
Sirection only a 
 short distance away... .These very opportunstic.
weed's are likely- toproliferate in. the- nearby highly.suitable
 
habi"tat that wilL be. created, Salvinia may spread from the
 
very begiiming. 
 'These developments may-reduce. the effectiveness
.of the. Kandakadu structure and- the- conveyance. cinals leading from 
ift as- paits 'of 'the: overall irrigation scheme. 

The, bund on the western'side will impound drainage 
aver a.large area, .including-. the area of the Diwulana'Villu, 
one of the larger Villus and one. of those most heavily- utilized 
for grazing.. The. obstruction to drainage. will create even wider 
outbreaks. of water weeds.. Water weeds from taese areas and the 
reservoir-itself will spread downstream in the. lower. Mahaweli 
and'a:: its distributaries even more.'effectively than they
 

xLreadk dd.. at; present.
 

" Formation of New etlands 

Creationo new wetlands will result from- some. 

.J 

-appear.. r,.Iower lkink, areas. wi'th high seepage rates wetland 
btut. . * os 5:b•areas,.may, occur evem, at some cetdb h ..... the' sildeof .distance' from. the canals...the canals w.th higher- terrain there is Generaly,nocanal 

athus, wher depressiour inv terrain are crossedehe water
"marspread. utwar from.'the can- into these places at 

Ssufficlently frequent tlmes to create wetlands of varying sizes. 

arua~ amy- soccue eve,dstan e f~m.tha canas.. Ge eraly
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These "conditions can be seen presently along the existing 

canal& such as along the Minneriya-lantalai Yoda Ela, 
Travelling. along the road down: the bund which is situated on 
the. eastern'side of this large irrigatio/n canal it i'. possible 

to "scareas of impounded drainage .where water has been trapped 

in depressiions .behind the. bund. On the opposite side of. the 

canal, water is more or-less confined to. the.canal. itself where 

slope ar. -higher, but when areas of tower slope are traversed 

the water spreads outward over areas that are sometimes rather 

large, 

Many such- areas at present are. not. looded sufficiently 
:"and/or frequently to develop truewetlands characteristics., 

Along the. Minneriya-Kantalai CanaL described' above, fbr instance,. 
the. ow lyin&.areas on the western- side into which water 
spreads during high flows., remain- forested with.. trees: esseitially 
like.those areas that are seldom, if ever, flooded. For many
 
areas this will change when- flows through- the. canals become
 

greater and more constant throughout the year,. and such areas
 
will *-acome true wetlands with vazying kinds of hydrophytic 

vegetation while the forest will be diminished.. These areas will" 
to 'some extent replace wetland losses from. other impacts. of.-the 
project., but- the total. area is.'not expected to be great. Also

they may-.create certain problem. including water wastage and.
 

become centres. for spread. of various aquatic weeds, which can
 

obstruct, the. canaLs. 

Th&- ol:de= and new large tanks. of the project .will not:
 
lea - *.o.the, formation of.,any appreciable 
 ar*eas-, of new wetlands,'!
since these will all. bL subject to. wide fluctuations of water 

Lavei and. will. have. draudown zones that are relatively barren"
 

as the. case- aroimd exdisting• - . larggt tanks. ThIe. Mimneriya-

Untalai Tank wi-1 be. an aception, sinca:it is plannad' to' 

have &relatively- cnstan .wa ter level. over tfte year. I'Tf 
Sthis. condition is actually' achievedit-can be expectrdttWat 
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wetlands will develop around its margins- especially where
 
terrains 
of low slope intersect the shore zone. The large.
 
reservirs will1 also have large fuictuations- of level and will' 

•not have-new wetlands formed around them.; 

Cerxtain areas. designated- for future rice cultiivation 
.ill be subject to. flooding "due to topographic conditionso In 
system 'B, for instance, ACES (1979) es'timates there will be
 
X2,480 hectares 
of such lanct. In a few cases, these lands.may 
be. of sufficient sze. to constitute valuable wildlife habitat" 
but the'maJority, will be small sized-plots and so. affected by 
eutrophication'that they are far more likely to 
become areas of'
 
chroni. water weed infestation.. Some areas that are presently. 
use& as paddy or which are planned to -be used in thi.: way are -" 
now, or wil be, difficult to drain, sufficiently well to be.
 
kept: free. of water weeds.. Such areas 
as-has been. described 
earlier are.only marginally- productive-and are oft~n abandoned
 
ta'weeds which then spread from these places. to other parts of
 
the- Irrigated areas.,
 

IIECOMMMED ACTIONS: 

ContrL ofWatea Use. 

Perhaps the. morstaffecti nlway. to mitigat. in any
;substantial, way some. impacts. of the project on wetlands or the 
impact&~ of*water weeds o= the piroject is. to reduce the total 
amount -of water needed to accbmplhsh the. basliC goals in. 
Agricultural production. th-NEDRC -(1969, Amzex. K) rejiort 
states, 

"Increase of the. flow (Xoftth ;lower Mahawli 
Cange.) 'at the. dry- period'will be belteflciaL 
for -fish and other- hnimals,. as the inninu 

:flow in' the river may well be the Limited. 
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factor for the number of speciei. If however, 
after the implementation of.the complete Mahaweli 
.scheme.'the-waters of the Mahaweli virtually-run 

dry during certain periods, t . swil have'a& 
disastrou& effect on the fauna. *Moreoveri.with
 
1lttle' flow'ovr the 'riv'er salt"'wiater intrusion is 

likely- to become a. problem.. The historical low 
level. o f .the' river will ba; af iiu
 
discharge in. the. plannin of the- future river 

regime." (Parenthesis -added "f'cari 

A" discussed previously, provisions have not been made 
"d'cat g..h rw. this flow maintenance cain be accomplished. It"is" 
recommended that dry. seasoix conservation flow be maintained for. 
the rivers- whicir wLllminimize salinity intrusion,and could 
at least partially limit dry- seasoti drainage" of the villue.. 
Conservation flo4s are discussed'in Chapter 2,. WAT= (UALITY.. 
Thesa. flow canl be maintainea. by release from the proposed storage
 
reservoirs-. H ever,, their-effectiveness "4 be.knhanced- and 

adveric -,pacts further mitigated' by- achieving a"'high degree 
-of-control of water use and* high water use- efficiency in all. 
aspects of the p,;oJecr'. 'Because- of the. critical importance of 
this, issue several. ways. f approaching this- .roblem are-discussed 

*"belo'w4 Becaus& of th 'frequently.expressed opinions that high

at'As. efficiancy can probably.UOt be.achieved it should- now.' 
be ,noted that this ia sal problem- that -the.. following methods-
w..L uot'necessariIj substantially overcome and that the negati.v. 

* environ ental impacts resulting :frcin heavy veter use in. th, 
* project may not-be successfully' mitigated. in any way-. 

;Water. snefctieass, shou td . .'given, a. priorL'ty 

- quaL. to wiataiz' storage adprorision. In this way maximui. 
effectiveness: of storage capacities. already tealize or later 
.added ca be made.. It. i's uilikely,"that high*water use effecttvenass 
can be achieved if expansion of agriculture is too rapid .into new
 
lands, It is also unlikely that 'it can. be achieved if water 
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is provided-to an area befora it bts. an appropriate distribution 

and drainage system to make effective use of it. Thirdly, 

providing an excess of water. when"there are other limitations

sucI as labor' or. traction power will lead to great water use 

inefficiency. To aVoid, these.. pitfalls, effo-ict to improve 

drainage or irrigation inade'quacies -should.proceed simultaneously-. 
with the construction of uewo reservoirs, and canals and not be; 

dtlayed unti' these facilities are. ready or considered as 

add-ons, in a later.phase of the :project.,. This..should be done o 

•Aitially fo; lancL already in. cultivart or....To attempt to. 

'develop'-mor and-all at "oica cold lead to delays from resource 

limi tations -due to the intensive construction activity that would. 

have to tak 'place simultaneousl* Ln all. parts..o the project area. 

Such delays.would. probably result in.greatwatex. use. inefficiency.. 

A J-ma-or economy of water use that'could be: achieved 

ik through proper -timing- and sequencing: of' paddy preparation 

forpl'anting. It would probably be best. to supply- water first. to 

uplan. fields, 'and allow field preparatio. to .subsequently- proceed 

in. lowland area:, This.wbuld require careful attention to'

effective modes of labor organization.. 

Cntrol of' Villu. Discharges..' 

Mm~ order to' regulzte;. discharges anit td 'Limit dry- -season' 

fdnag4 water could be. held artificially in most vtllu' areas. 

by. the- Conttiution- of lw LaLe-zrin,..o ou .8tweU 1 

.Ths WOuld assure.'a certain amount of water stora. -after' the 

fahi..of the rilver' from- its high stage and- after- the and of- vat 

season sius. . this*- way certain amount of the reduction: of 

a= ota vililus. following the river divirsions "oul be.' 

avoided.. 
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Return flow from irrigation and drainage which enters 

-the villus also 'complicate the ;problem of mitigative action for 

villu pxeservation. Low level.viers for instance to hold water 

in the.villus'would have at the same time the effect of greater 

storage. of return flow -and drainage waters .wLth some predictable 

consequences:. such-as: eutrophication, water weed infestations, 

pesticide buil& up and possible.saiiization. This could be• 

avoided If the-rettu.flows and'drainage iaters"are routed
 

around .the'villus.or-improved in quality throughcareful control
 

of excessfv~e utrientsa'nd other contaminantr. .Since :viers will
 

obstruct"flow in the channels ther ;will. be sedimentation of sand.
 

and. silt lathe hannples nearthe- wiers which will require
 

removal, probabLy each -year.
 

Control of Aguatic Weeds
 

I= addition.to'careful coitrol of water use that has.
 

already, been' discussc4, other measures for water weed control.
 

should be undertakeni".Spraying with herbicides is not
 

necessarily- harmful' in a. direct- sense to. the enviroment in. 

all. cases; and: in some cases. may be.necessary. There are however 
secondar.T consequences -of-herbicide. use even if tha type uied is 

itself iLocuuu- The plants killed by-thi herbicide, remain'
 
, .* . " . " I 

in. the drain or water -body. where: they may continue to obstruct 
f"oi.; -The dacompsitiou -of'large masses. 6f dead vegetation-. 

"may cuum excessive-. amount s- of oxyen. in the water imd lead: to 

p'or 0. tee.quAlLty f prolonged period.. tha n, entAlo . 

contained- in the- plants are released't6 the. water on decomposition 

wherw-they add to conti ued eutrophicatio anC, renewed water 
we. t rowth.. in paddy fields herbicides have definitk.Uimiti"Mns. 

1=. .. c are passaes as is.riceafulnis& since Ma. .woods 

and' therefor cannot. be.silectively 6iminated by spraying.
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Physical, removal of water weeds from infested areas. 
is a method that-has, much to recommend it sin~e it eliminates. 
the problem of. physitcal obst-uction of irrigation works, high. 
oxyget demand. of decaying plant. debris and also reduces 

."eutrophication. i'nca nutrients are removqd from the aquatic. 
sys.em.. Remov.al of water weeds requires much labor.sQ it-is. 
best applied'"n areas that are chronii:ally infested.. It also 
becomes-less expensive if some way of.utilization is.found. 

The. exint o which. eutrophication can. bR controLleo 
Vs' uncertain. but it is' clear that some things. can- be done.. The 
desigm of settlement sanitaton. facilities isan obvious case.
 

-and one whichi 
 can: offer public; health benefits as well. 

Drainage water and irrigation runoff entering the
 
villus might be enhanced in quality in other ways.. Socme of
 
tha forme villa land around the argins. of'.the diminished. 

"
villus, Pollowing project .implemeitntion could .be set asidia
 
to be used in: various waysto attempt 
to do. thi&s. One apprach 
would. !Ne to apply-, these waters. in a controlled manner such' as'
 
overland flow for the.. intensive cultivaton of: pasture-. grass
 
to atl'eriat- to 
soma extent the pasture. scarcity that the. 
project' ill create.. One or another of the. water tolerant 

.- forage. grasses that are abundant in the. vilus. hould be., 

readily- adaptable. to, these managed conditions. By means of 
'bundcs, overland pflowve coutd 

e 
be controlled and, dirar-ted! to achieve. 

o

A long.low.path-over"am extensive.ara. 
•Such methods. have. bee.
 
applied:.in: variuuL ways. Ln.many 
 parts. of the. world in.orde= to. 

ii r v jv1rov*water quality and have' been successfrl.
'". +The water
+ 

fIowing through these systems is substantially lower im 

'-. 

nutrientsv 
and; bioloicar oxyg demand.. Salinizat o could be a.problm"
 
i= such an undertaking, but since large amounts 
 of -waterwold
 
be available at, times. to 
nlhh out salts it may prove, possible: 
-to control. this problem. Similar.systemsusing some lni of water 
tolerant' trees might also'be effective and allow production 

of wood at the'same time.' 
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Careful attention should be given to problems
 
resultini.:fro= large concentration 
of animals such-as with 
dairy .farms, livestock feed-lois.o'chicken farms. 
 In some
 
areas of the world nutrients- lost' from 
 large animal concentrations. 
are.partially recycled' through harvesting,of water weeds grown
in controlled enelosures or tanks or- simply gathered from
 
nearby infested places*.' China is 
 a notable example of this
 
form of control.. The'weelds are used as pig fodder, 'green
 
manure.. or made into. compost. . better fo-rage plant such as 
Ipoinoe ac-quatica can also-be-cultivated in this way.. This.
 
plant Is.also-widely consumed as a vegetable by people in
 
,many parts of the world, including Sri Lanka.. Alternanthera.
 
sessilis,. another plant used very much as. food 
in Sri Lanka.
 
should.also 
grow well in controlled encIosures in which nutrient
 
rich waters can-be applied to achieve water treitment and. 
food or fodder producton..simultaneously. *Many ideas"of .this
 
kind along with illw tratons-, of actual .existing practices
 
in various parts of the world are given,in.the U.S.. National 
Academy of Sciences publication'Making .Aq atic Weeds Useful 

O0bviously0,the 3Uccefs of such methods of'deiberate
 
cultivationu 
 of' aquatic plants. depends' critically upon 'the"
 
question 'of effective. usage 
of the plants so producd.. Design
 

.of culture, systems 
 ihourd. take.this closely:into *ccount. 'In 

one. sftuatlion. gren; manure USage.'might be most effective 
while in.another methane, producti n would have moat benefit
 
and/ iti still another compostinganayr be.mc effective.
 

Scessful -composting of watez hyacinth has been
done. in, Sr LankA'by the. Home 
 Gardens. Unit;of the Agriculture 

DepermentL. Thscmoths lo been .sticcessfully used by

them in. the. rearing, of nursery plants 
and also was sold for a 

.slight profit. 
Since their costs of productiom were'rather high,
 
because-of the necessity 
 of trucking the plants from the point,
 

3.-:4,
 

ell
 



of harvest to the'composting site it is clear that costs could
 
be further reduced by deliberate cultivation in controlled' 

.enclosures with composting adjacent to the enclosure. !iswas 
(1976) provides-information that indicates that .compoted..
water hyacinthz has twice. as much nitrogen and phosphorous as
composted'cow manure.,
 

Although some.emphasisis given aboveon the importaitK
6f finding ways of reducing cost or even making' profitable the 
work.- required for reduction ..of.eutrophicatio, it should be' 
pointed out that they.- may still be.Worth. doing even • if at a
 
relatively high cost.' The benefits in terms of 'publichealth,
 
protection' of fisheries and protectior of rice crops would "
 
justi fy- their being 'subsidized,. 

"One form"of btlogical control is the deliberate
 
seeding of-competing'speries. which. are 
 less harmful or'.even
beneficiaL in some way.; As an example, Azolla. pinnata is a.
 
common 
 member' of the floating- aquatic plant community in. Sr:,
Lanka. .zolla pinnata has wi it a symbiotic blue-green
 
.algme,Anabaena azoilae, which is.,nLtro.en fixdng. Because

of' this-nitroeen fi~dng atility, the 4zotla ~naa-azollae association: Is 

~aan
deliterately introduced into- paddy- ftaldsr 

in various, parts of Asia. especially in Viet=,' in; order 

provide. nLt ogen 

to
 
to the, paddy-.. rt. is important to note that
 

althbugh the primary motive of seeding7 
 the paddr fielda with. 
Azolta 
may-b&.fo= nitrogen, there is another- important. role.
which.i may be providin& that is also beneficial. to the paddy,.
The,deliberate and careful seeding of Azolla at the appropriate
 

t.an 
RY' r=pdy sp..reaing , the introduced Azolla 

tim~ua~s ff~tive~omptitar .iith-aquAtic: weed- S*Pecies. 
absorbsnutrients
 

and other materials that would foster growth-of aquatic weeds-
SinCO t.t is. a surface' floater ittcan retard the grolth of
mubmergid aquatics and oriher-,eeds by shading. This shading
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also can reduce oxygenation, of the paddy field water and further 
retard, VIed growth. Oxygenation of the water is also reduced to 

-.some. extent by- the reduced oxygen diffusion through the'air-water 
interface. due to the- extent of the surfack area coveared'by 
Asella.. 

Areas, ithin. the irrga ted 'lands that become subject to 
chronic flooding and water weedL. growth as a result of. L &&.j.on. 
and paddy fields that are marginally productive or'become.
 
abandoned 
due to excessive- water weed grbt. u&to poor
drainage, should be. converted to' a- more suitable use. Fish
 
ponds, might be constructed 
in-such areas,. In. some it might be
 
useful toL attempt to establish swamp 
 trees whose shade might
 
reduce the water weed 
growth and abundance. 

Shading may. be important for bio-control of water 
weeds in. other ways. 'Shading would be especially appropriate..

along narrower irrigation and drainage ways. 
 Appropriate planting
along the sunnier sgdeof such canals would reduce' pha*synthesis. 
of the a,-at'ic weed species and' reduce their growth.ratea Since., 
any such plantings will. consume. water,. those that can. be. 
effectively utiized local1y should be give precedence. 

Poles or perhaps firewood cou'ld be. produced in significant
 
quantLties, especiallyiE. 
 sprouting (coppice.regenerating)
 
species are used. TaLL 
 rop .species such as. mLize or sugar
 
cane may b 
 used where appropriata we l 

Mangrove ConserVation 

bmitgatEfforts, . the anticipated 'impacts' on mangrove
•swampz should .involve. reforestation. and protectionr fcm. C6essive 
cutting.. Noakls (1955) gives':anexcillent' description of 'thg 
kinds of problem, that. arise In. re'forestatio= of mangrove 
areas. Seedlins must be: physically protacted and'invading 
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thicket forming species kept under control. Cutting should be
 
reduced to acceptable levels by some means. 
This is clearly.
 
difficult'to accomplish, but tactics.that might be effective.
 
would-be to provide other sources of firewood if necessary
from outside the. area or in new plantings nearby but outside
 

of the mangrove area.
 

Substitution of other energy sources for.wood sh'otld'" 
also be explored.. Demonstrations of: solar cooking techniques
 
and- marketing7 of equipment forusin this energy should be.
 
a4ranged.. Construdtion 
of bio-gas producing sanitary facilities 
should be encouraged.. Wood conserving.stoves should be 
demonstrated and built in the coastal communities.' Stoves 
capable of using rice husk.or.other agricultural by-products 
should.be tried... In short, any and"all' possibilities for
 
substitute energy supp]Lies should be investigated and where
 
possible made available, to the area.. 
 Perhaps. electricity from
 
the darm should. be allocated' preferentially to. areas where
 
critical problems related to excessive use of wood for fuel.
 
exist, such as the. mangrove: zone. around Koddiyar. Bay. In. this.
 
way-impacts, partly due to the. dams ,couId-partly- be mitigated
 
by- the- elnergy- from the dA s.
 

Secondary development resulting from the project should'be 
controLled Lrr various wayss. Particularly, all' efforts: at 
so-called "re.lamatio n! ot mangrove swamp lands- for conversion
 
to. other use should be: stopped.. Any efforts to bridge "tidal,
 
streams should be dune.in: such 
a. way that. tidi. exchange. is not: 

".impeded.. 	No further construction: of the concrete, low-leveL 
ford bridges vfth only. smaLl cxa.-ats for tidal exchange should
 
be aled.. These. 'obstructions to. tidal exchange'. should be.
 
replaced by- true. bridges that do not block flow.,
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CHAPTER 5
 

SOILs CONSE~tATIOR~AND LJUD ME
 

IVT MCDUCT ION 

Tho- soil Conservation and Land Use assessment of 

.the environmeital ipacts- of the Mhaweli Accelorated 

Prograox is composed, of two soparate studies, - theo uppor

watershed. arem of the. Mahawli. and, the Aecelorated Progrnm 

Lr±a~tio- Areas (Systo:s A,B,.C a l D).. 

This.- id-torm roport deals with a cooperativo
 

study with forestrr (see Chapter 6) for- a zapping asses.s

"ent of*the. 'resent land uses, c'urront, soil conservation.
 

.pradtices - both acceptable and non-acceptable - and,.soi± 

bsses- incurred aa m result of. impmoper ,land iann .ant 

prcatiaes in. the upper-iuatorshed area. It also doals with 

current progres& in soil. and. land classificction, wlth 

sugZostionsa fdr additional investiaations andl futura 

implementation. 

-EX2Tf G CONDITIONS 

S Al.. =nd Land Casifi'cation 

Mhe& fdaai±it~r study for Syste=' C by THnting

,2ecb na.L sorrcors,. 'L±=toc. "iioyodLa. total land. n.. 

of abot 69%000' hbctazqs . '17ithin. this total. land =ea. 

tho f lo Jiu agrioultu-'l.. I=d. usoa hnvo boon, reeonnandlod 

o.Whih..3T.OG hoctc.aror 53.6 percent vould be am.abla.e: 

hoctaresi 

Net" comin"dA em suitablo for rice 22,000 ° 

G;rosm command area '; " upland 5,440 
crops 

Net area suitable for sugar cane 9,580 

TotmL ir;_-±-ble ani 'commdablo 37,020 
:System C 
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In tho'foasibilityr repqrt foor tha Toaduzru 0ja 

project tho. fhllwviing car&s .-r*estizatod to IM.irrigable3 

-. corcanble~ 

Upland. Soils. heotnz'ss hocctaros 

* ~l~aL .. 5400 

Ca*oaS.a. - 7?80 

Tot,.l2 qplard 12, 750 

Lo,;'land. SodI a, (Ric p Land) 

Class I *7-F810-. 

*ClassZ 2 21p680 

Total.. Lowlanda .399,490 
totcl irz±gablo*and co,-.=d- 

abla,. Systora B 300-52, 


Both Systelma B aad C*still h.ive =un which.

nootV mc1litizaa1. soils, =nd jand cl--siic,:tiLjn data. i'b 

a=c-thxd:-of tAo*d ato of~ Sytute~x B- spocificLully tho ri,3.ht 

*oju*of- the. Madu~zu 0ym. - v,±23- Lot. cover--.1 durin-; onarly 19830 

Y.it~z z etailed so.±-L und._' clansificatim:n aiarvoy,! 

RacQip t a± 1 :50.00*sca~le =nPr Zro ncucessary L-,±oro this

-I.o=L can~bo co.pla-tnd by the Lan, UEe. D:Lii =)L(LVJD). oft 

thc,.Iz'zi~mtioix DPk-+=ont.. In. Slatom, C., -alaa C.urimn- aarly

1.1801, -;I so U surveyers. will conti±muofiold n rk in. the 

tIoraedt ara: *BotI. topaoz=p62i:-" cnd cuils =;a. 

%*.iIZoC fzr. aa~roitned lnd.- d :ssificutimn al Uve or 

six f~ialJ sheoets. ;hich :.i& locatod. zstly, in .ie- northo= 

part. ...ThIw will7 ansure a. uifc.rm*iuvol. -o loaii ovar t-'.& 

ii3.U Of th26 Sy.4 Cp. pr~vidin - mor.t reliable mmppinm., Zor 

a= VL lands~.'tm 

Liz±tad land use aad s~~l ±nfr~tirnz d:.tc. aro 

prosontly avniloable for Systeas A.amd Do Until miain. 

reports -_d aniuczon aru. =do coLmpltoly avai!1ablo, the. 
onvironzontcal Impact tcnalysis rill r.-nin rot. rdod and. 
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inconclusive. It is understood that only a prolitinary 
report. h-s been made.on System A lands and that .only 
after trch or April to Uid-June 1980 will a foasibility 
sdil and, land clssification be comletod.. The.'preliminary 
survey area of "All is about 106,000 ha. of*which 62% is 
covered with forest, 'Less than 10% of the .ruais under 
p rmcnont agriculture consistinx ainly of 3,000 hectares 
of river ipriaatoq paddy yiolding, two cropa pr= year, 

'About 0% of the aroa-is' tivcted t a low level of 

* intensity =inly of chena and levee agriculture. An 
accurate estimate af the distribution'end percuntcae of 

enable lands ccnnot be =de urtil. the fe.ibility study 

is completed. 

The, August; T979 Main Ru~ort of the fezsibiIity 
study for Systeu D lists. a total of 40,000 hctamue of 
oxiating irrigate.'landa which, 'with the a-ddition of a. 
prp.osed 22,200 .hectares. of *new lands, will make a total 
arose irrigable. area of 62,200 hectarec.. No soils or 

IenC classification was mdu on this foasibility study; 
the soils: i ormation: used wos takLen- from the. PAO/ 

rrietin Department- of Ceylon dletaie,--L rcconnainsancoe. 
soil survey cariod out: botwuoen' UT 1965 and Novomle-., 

1*96.. ccording ta aoil type '* ry of- the. gros 
proaoct 0, . t.- iri ble o. of about .50,30Q 
hon- ares should. 1 . avb.1able, This doeo not include. 

sol-'nitz. or shmllow. rocky soils.. 

Tatn-L irnigable Iands..which could. be devolope'd. 
in thoAe fou -acctlonxtad aroaw (A,3, C and. D) would be
approximately as listed below'... 
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hoct .ros 
System A 30700 ------- (50% prcbility 
" B 52,300 (4pjroxi=,tey 
V" ' 

"D~W 
37,'0000300 (oxcuding(Somaa,thi' 

Grand Totad .170,300 "(chaitiy) 

Land Ctassification standards for bet land. 

uses Por. ir4±,satd a . ricuJlture, _,da; tqd.rom tho U.S., 
Bureau, off Rocia tion,, ncoas to'be. 'sthadardized for 
.the ontire Uahawoli. Accolortod-aroa.. Systam A studios 
use four suitaility classific.tions for irtigaIleJlands 
of'.which four classos.. havo .boen. recognizei& : Class 1. -
hi&hly suitable; class 2 odoratoly suitable;- Class 3 
zr-nal;"and Class 6 - nLn-suitL-blo. 5z n.m irrLaable. 

Systea B has. boen.sievon ao-wwhat different land classi
fication- standards'which aro idiatifieO.as.indicated. in
 
T"ble 5-T. These in6lude tmo upLnd irria tcd. classes; 
t.a lowland paddy- rice classus; and. bno class,6 - notn 
arabl clcss. System 'Chas. beom.attributod. a more "ezta'm 

siv6 aet of land class standards which ame sat forth,in
 
ZzalLa 5-2. Mhore -are tbxvo onodupland alasisan, sua;onded' 
clasar 5;--one clas. 6 -:non-mrrable,.- upla:nd; three arable 
wetla riceacl-csea cmd.*a. class 6 - non-rable wetland 
riae class. Syste= D has had no detailad !dLc-classifi
&ation =ado,. but the -latds.bava3 :nly,. btuon cite,--orlzod 
Zonbrally,av uplcnd soils," lowland 

|.. soils, and Othor 
unsuitable lands for irri~ation accordin to 3ofL -typo 

and crop.jig potential As. shown, n"Table. 5-3e; 

2reqsont Latd Usa
 

Am. ovor-ail k--re sent lan .d use invontory- o6 the 
Acoolormtad Atrea,. which includes land aroAS within all 
tho Schemes A,BC, and D, is only -dnorall,' ustandarized 

and incomplote. 
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"Table -, 

LWTJ *qI.ASSIICATI0II CIIJTER A 10011 SYS-WVU 	 "B" YE:.SIBLTTY STUJDY -L0:.'"R CA.Ji4 

Land Chiractertstic .. Spbolb ,a Upland Divarcifiod Crop .Production. Lq Iap.. Piou Pro4uaction Class 6 
- . -" n:tf.iop -... . ... ..... *-* -* .-.. . . ........-.- .. 

"...I. 1.(lU) Claaa 2 (2U) Class 1 (13) Clnas 2 (211)
'a • --- - ",q-t , - : " -. - - .. - 

.1, Soil tqxturcj.t 	 ..
 

Surfaco " "p Lt LS 0 F-L- 0 , LS - C ratn-Qrnblo lnfl 
Sub"urf0co 4- . -LS - 0 " C which do nat 

.ioct the ,Iinion: 
2, 4ooting Doptht " 	 . - requiroments of

•
Gravel Layq .	 90g,.. 60 or 60 cu .30 cn the othur land 
Bod-rock 	 12Q-o1 90 cp 90 ou . 60 cm .clasos, 

3. 	 Avalable Wat'ar. "'".,-

Holding Caal 15 o i4 top 10cr in o.- ot nplcblo t plcblo 
1o a. 9Q pa 

4. Sal inity 2.2 	 2.24
 
S (.;- oe/(E).
 

%A Alknlinit.y**f .. p Sa 10 SARj 15 	 " ESP.15' ESP 20 

6, Cction .xchngo--...

Cnpacpnt (.i,o,/!.g) .* .10 5 .10 5
 

Topo~g~aph 

Doop. Solo . 120 c-s 	 .4% 42; 24 .4%pp 
1Hodorntoly doop 90-120 am " "" 4% 	 .4%
.	 .2% 

I-odoratoly ahcljow 90-90 cm: - - "-

Shall c' 60 cu. ~,-- " - -


Dr4naio -d 	 Woll. tQ woll to •.por tq. ". 1 rcrfoct
 
-- cho.toy woll :iodnorctely •
ol1 -vary poor 

cxture - FL = 'ie- n rJy loa" sF = aar.p,- '-w" LS eandy* oa:,.c - clay 
* 	 Rooting Depth - elti atod 4f ter ltad doyc1.p.'nt
 

lkalinity SLR Ilatlo,
A*** S = Odit AbqLgrpt. ,on ESP Exchrn.;oable Sndiu" Purcujt. ;o 

. Siurco 	 fadurn Oya'Project pacsi'..ility leport 1
 
Annox bS aile and L d iic;.tii .1ovubu 197.9'


" Ac,;s ~t~r:..t:, .=[ Md. Hia:'rpara. Fitl9 - Canada 



Table 5--2 

System C Land Classification 
I -X CLaSSIcATION : DRYMOT CROPS : SURFACE IRRIGATION 

S(*.a.*tYP., ±. Depth Asso-	 PHASL (t)
(~iI~a.e~1'ase -ciated ______________ 

Gravel 	 3.%4...

Dep.th(p.) 1-I: 3-4% 4-% 6%.
5% 1.5-3 


RBEs, Well 	d:vd'T2Ocm 
- 90 cm 1 1. 2t 3t. .6t
 
Drained 	 md90-120 ,. 60-96 .1 2pt 3tp' 6tp 6tp


ms6o- .30-60
 

RBE,. 	 d; vt 120 m 90cm. 3d. 3d 3dt" 6d. -
Iperfectly_
 
Drained d. 90-120 .60-90 .3dp • 3dp' 6dtp 6dtp 
 -ms 60- 90 30-60 


(poorly.. 	 d;vd..120cm 90cm 
Drained)
 

-LAID CLUSIFlICATI0N TELU.N 

•Soil type. Soil Depth Phase 
.(Drainage) 

BE, , 2. depth phases.
*Well- but shallow 

Chaalned.z ow Depth Phase 


S th" All d'pth. phases but
 
Mrj)* =tect shallow , 


4~d SalloT Depthr Phase 

(poorlz
 
ral.ed)
 

No - : p, if t refer to depth, 
subclasses 	respectively. 

Subclases-e 	 6-p' ,, 6pt' etc. 

dp ' 6dp 6dpt 6dpt 

5d 5d 5dt" 6d-' -

RICE 

SLOPE miESE 9(t)
 
-- , "-3%1 3-4% 4-6%
 

R2s. R3st R6st R6st. 
R2p "Rpt R6pt R6pt 

RT. R2t R3t R6t" 
E.2p R3it. Rp Rp 

d n 6, and topography (slope) 

are. m .rginallj- downgraded. 

•iourct::Peasibility S•:tem- "C"•Studyj,. 
M haweli Development'.Project 
December 1979..
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Table 5-3 

PrO VroJoo Aroa for IDifferont Soil. Typos in Systora 1 
(unit: ap) 

Pb)lI Typ A/P ~ P P1 P2. Total- Cropping Potential, 

Maha Yalu
1 R.B.H; T1e 4rWnon4. 51510 12.640 i3,645. 130 -7 370 
 39t295 All up.hnd Urop Alr u:land Crops 
2. R.B.E. draine4 51215"- 6,030 .9980
mpe zrf eo# /poor -p ,R.. Q 51470 ?61695 Lowland Rico* Uplmnd Rice. .e mn -. 

" • .oj/o "" .ugarcano/ ' Sugarcane/
 

3 L.H,. . 0 " 6,O606" ?5,150 0 2050. -34,490 Lpwla'nd Rico. Lowland Rico 
4Alluvial; dralped '0 970 . .0 . 3?65 .570 5,190 Cah Crops Qash Crops 
well /podpr!ately . " (Tobacco,. Vege.) .(Tobacco, Vego.) 

5 Alluvial; -driu4"i 3,760 970 3465 10550 0- 181745 Lowland Rico Lowland Rioe
 
* imporfeat/poo.'-,1 . . ...- ". 

Sub-Total., 15,745 26,640 52,240 14.330 15,460 
 124,415
 

-Solonetz 
 0 0 21825 .. 0 t 
 -2,825 no' suitable for Crops except
 
improvement
 

7 Shallow rocky . 2,165. 1,600 41205 
 370 7,720 16,060 not for Cropping Area
 
(homesteadedjBuilding, etc.)
 

SuI-P'otal 
 2,1 5 .1 P.0 7;030 370" 7172%" 18,685-

Total 17,910 ?8,?40 59?270 14,700 23,180 
 143,300
 

Notes. (1) R, , E. (I.D).. 'Chillies Onion, Droundnut, Soyabe9,n, Cawpoa, Grams, Cotton,
Sugar CanQ, Turdha, Maize, Sorghami'Uplrund Rico, Fruit 
(4fioioncy of organip matter). 

Lp H.01rainag. %youldbe eneficial.A(4) (imo/pooi)0) Alluvial (WD), D2 Area /lluvial (5) Coinias nraornped .,Source: Feasibility Re 
 o o f.oakand a Agricultuitaz Divce , .iont . .- ject.:ugust -1979, ije.sar
Jap41 Ofl ooperit a oc;o nran 



Listed In.Tablos 5-4 thzough 5-7 aro tho sm=y 
presen land uo invontories which 'cre available as of this 

- Table 5-4 

-'Surface, .Areas (in hoctareY o±fPresent 

L d Use in, Systn "L"' 

Heavy Jung 36 596 
Ikedium jungle .12, 852. 

Lgh- Jungle . 16 532
Sub "Total, 6'90 

Riier irrig d rice 8 060 

Tank irrigate& rice . 053 
Chenn dultivion. 8 304 

Levee cultivation 1 3378 

Sugr. S no 780 

Sub Total- 19 535 
s turePaw 1 460 

Viiu .6,032. 

Id.Z cle sngs 4-607 
Zub Total 12 179 

UMba' ar6as ancl hbnosatead 

garden* '1 500 

ROok outoropc 20C0. 
Roada a=d. water auui-coz. 6 606. 

*SuiTotto ~ .6300. 
Gr d .Total
 

'.(rom~od) '.106 000 

3our,i& System. A, rosent Land. Una and.-Vegotation 
Suz.... (Deoea bz 1979). " 
Zoint .Venture, Randen.gana. Salzg.tter Comlt. 

-awnw:..- Salzgtteer Agrar- And Hydrotechnik,.,
Uno.Me'trowatt hngineering Servico Ltd.., 
Zuerllh.
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Table 55.. 

Surface Areas. (in 1ectares) of Present, Lnd Use 

in System."3"' 

POREST 
Hoctaros
 

'Dense. 1,300'
 

?Aedtim., 49,800 

Light.. "11,200 -. 

Plantiltions 4,400 

SubtotaL 	 ,66,700 

*CROPS. 

*frrd.atad. Rica (Pa~ddy) 	 13*7'00 

* 	 n 32,800 

SutotmL 4,6150 

OTIM.R" 	 ,
 

600Lo~zga-	 Far= 
Mz.aostead.rn, settlomen. 	 2",900
 

Rocklnd. 	 3,900
 

T=ks , Villus. and open c.e" 	 3,200 

0 90Subtztal 	 ,1. 


Tata" 	 i23,800
 

:Tt"i. oj:t ocl fom.- Acros: .tena--itnnl' Li-i~td, 

197T9. 1nctst I'iguros tha2t tjors. arecrox.toly 5Z,000 

hec.'are.or 42. --aroant of irrz;aIae.land's izi Axo: "B". of 

-whiah. d nat' a. for iarcw wduld.be 

Sour e. Kadu Oya. Project Fotsabilit . Report 

Ini~inl issue (Nvomber-191 9) 

Niora' Polls'., Canadaw ' 

,5-- 9 
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Table 5-6 
.Surface Areas (iU.1ectai-es) of Present Land Usne
 

hect vrs.
 
.2,reA (Tota Area) 
 24,600

Paddy, 


2,330
 
•Rioej, rainfed 
 1,800


Chiena Culi±vation (v'aries 
. 

3000- 4,0004.000 hectares.
 
annuallyY
 

Livestock Production (unknown) 
"" - ApproximaoteJe 32,730 

Source - Peasib4. tyrAtudy System "C" 
Mahawe1±...LDevelopment Project
 

December 1979..
 

Bunting rec 
 a.ic.Se imces, Ltd,. 

•5.- 10
 



So i and ,Uato'r Conserv7ation 

Upper Chtch=qnt Area of the 1"cawli - Erosion 
of soils of tha upper catc}I ent appeared .very"aerious,. 

as widenod from field observatLns =ade by T-ALS team 

'm.o~rs during the econt.Ylaha season.. IIL-avy. silt run

off was notecl-ia the swollen rivers. whic.h would h:ve a
 

direct impoat orz fhp progposed Viqtori Reservoir.
 

Some silting was noticeab s in rice paddy fields dowm.
 

stream of *Tahaweli,.the adauru Oya as a result ofthe and 


upstram erao sion.
 

Erosion control in the. Up er Catchmeft of the
 
MIahaweli Is: a priary concern in th prevention of
 

sodizentati on of proposed downstream reservoirs. It is 
Llso necessory'to reduco the'loss of valuable top soil 

necessary for agriculturx-:l. production. 

Erosion damage is- caused. ;rincipally by the impact 

of r2infalI on untrotc-ted svils.. Pactora w'ich add to 

h7 offact- are zadient, sol typ.eS,.. voetativo covor 

and cultural pratices.: The erosive. povwer of rainfallt 

Sbe mitigaied bf a proper- control-'cncLdha!e~ent of. 

these facto=s 

-Aacgtablo .Linits of Erosi,:n - ..1t" level of 

erosion .ir acceptable,, boforo corrective action is 

necessitated? TheQ usual. anfiWo'r-i- *hntV the, -- is. 
utilized oL a.suatainei basis 'such thzt. thez'. is no 

retrogreasion. or. deterioration.. This will be achioved 

5 -12 .2 



,-. ... Ta},le5-- ,
 
Ir4c.i* -ATOap OroppO4 Area and Haryoaoted Areintl.in.yjez t.! th o zOagatkandc 4; roa.(inl' tel xiatt.ng Field (a. , , de8 G, 

Aqr. 0 un- o 1 1 " ~p~cI1'4Q~tio4 
Ac! •ta 

'U n toriZ09101ultl.vatiqfl Wholo F xaeting LandsAr l.o.ppe . 9. ~'-.4..gable Cropped'
.A.Area 

Racs~ e . wigablo -ropped .Rayoatpde. .r. "" Aro4 Area Area.A pddy•-27,514... .274 
" rea 

?4.y
NAA -27514 274" 2733. , 2739.,.,1,6i17- 6 ' 279 
 5,755 .33j831 33,706 33.094 

Paddy 27;2 9 27153 ?6-694 
 2J .*459 .31402 .2,4B2 31,692 300Q96.'SoYALA 0.27 
--- ---

270 :7 1?!5 " - 40 31,69 30g1, --- " ;., . . .. 1.1 5 87 , _ 4 10 3139 " 3 5 
Sub-Total 
 55102B.., 
 41 54 .*
4.3o. 
 11695 101933 9V244 ' 6 6?723 787 63s547 
.- a r"
.Biggar ... ." 
. Roun4 .ane 3o0 - •7• 2,7-00- 2.550 -
_. • " .O " 2,550
.310 9 2v7 u 2p55o0
 

Total.A 
 57,554-5;0M 56,853 11.695 10 3 
 ,2-- .6,"- -48 
 6,0
 
... 9 ,6. 732 - 68'487 66, 97
 

Li Th haxrY8064 arga-Of *110 
MO-Q (Subsidiatry Food Crops) cofaipt ofOfbiJliePul""p (110 1101 Red Orion (70 ha).
.oyz (110 ha)jbean (30,ha); Groundnut.(20 haYand
• .(.7 rogotablo. h.). s
 
Sugarcang 14 beilig 8rqn 'through .Etateoultiation,; -Whole ... tI Aarea ,P hcta •ouroe 

Feasibility ReportL4 No Nummary jwid Use 
F on the

*a -ad for area 
remaitiing -in froropt 'or for othe 

MORAGAHAKANDIL Agriculturalresn lan.uise 
 DeelopmenltPro ec-t
August 1979 Japan. International Cooperation Ageno 

31 
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*when. the role of soil loBs.is no irenter than.the rate of 
for.ation.of soil. I The tate of formation cannot be 
precisely poasured;., The. best estimates indicr-te timt 
undai disturbed conditions it will take in. the. order of 

'.300: years to p =-duce. soe"25 m' of topsoil.... Uhen.. 
disturbances., aa . tion.and- leach,. action speuded.are 

up by tilling, this will bv reduced to. somothing liko
 
30 years.. A formation. rate of, .- o in. .0 yoart. is
 
approxi=tely T.8 "fetric.Tons/hectiro/year,. a figure 

- that is froquentlr' adopted am tlio tar~ot fi3ura =_xm. 
erosion,. NurJl y the acceptable Iosw will depend on. 

the. soil conditions-.. If the profila consists of a deep
 
soil whose fertiity is. the some at all depths, then a
 

* loss. of 25 o soil in yecrs. isof 30 much loss serious
 

than.l" the. profile consists~ of a fev~ ooatipetors of
 
so ilk overlyinG hard rock-.. Torgat figures- are thereforo
 
seldom hi~hQr than: 2'metric' tons/hectara/yr, and frequently 
are lower... 

,heso low figures are related. to good land.
 
!anagment cnd' er=sion control practices to- 4.'mJmi ze
 

soi. tloufrsoil. ero sion.'
~o 

A. univers.L soiL loas eq.uoto (USLZ) has- b. n
 

devel~yad. by-. Ischmeim. .,11d'.Sm±th. (T965) to o.Bslzt- im
. 

*zp .sin4g these SL louses.. Tim equatIon La .A. kS 

k 	 sOil.0 aos. .Or- Unit 'aro
 

raLn±'alZ fact-oz' 
 "
 

-, rL:j _=C i il i t jr g adi on ..fact o v . 

5 - 13 
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L-length of~ sloqpo f acor' 

S- -soperadioxit factor 
C.sail. c.Y'i. or' drop =n=o;:.ent.*~tr' 

P.-.factor' relatina to orosi.:' control. practices 

*The~ credibility factor K, ox,;laindfl ab~ove i 

a-measu~re al"a soils SscePti7Liity.tj'ioraaion. T!1-aeforeF 
Vit wl.*1raeiY- dapend 'n tts:O Physiccl, i. r a~t ris ic. 
of' the soil.. 

-The m3thod. x7:s devalo-od by ;7isch.Aoier et al.
 
(1971) for" ova.%umtin,, 'soil aredibility*usinC the
 
ch~xcnit.eristics. of soil pcxtolh soa s jprticla size
 
distrib uti..n~. ra-nio otc e content, scturmI ±Lnaex
 

CLd iormacbillty.* Mm. this method, a soil creai~jiiity
 
:o,,rap~i. a~zcphicclly soZlveis q=. abx'±d~ed equc'fion t;,hnt
 

incozr oi'otes: those. physioni jropertias -.if the soil. Siuih 
:,;tfods. are useful in. acomparing tixe z'eltive suscept±i~ljty 

avmlz~ le Table 5-8 ahowi thd Crlnual..'mmsivi .y- of IMLdO\ 
Ski LakaL wls'estimeted fmon thd on)jm#.pead 

by Nisahmeiez et*&L (19T)..' Table, 5-8.. ahowa tho 
I 1 ' ' . . ' ... *
 q~c.1c~ted avedib±iity- (Ir) for 

-* 

tie. joz soil. r; onz-*
 
*C.Thliua, '1977Y. vb.izVLZiOk-fron 0.7 to 0.48. -the. 
melactivb. suzc epfiLit. of ma.-.L to -orasioa, may be 'foumd. in.. 

.Tnbl*. 5-a. 

-14 



*Table 5 -8 

*Erodibility z± Selected Suils in Szi Irar 

Raiiol.Soil. -Zrdibt1ity- CR x it) x O 
stat-ion(K) 

I-. Rfi*nwpur. X:OCt-Yeflow; 0.22 ITZ 
podzolio: 

2. Badu~lla. roci-yellow 0,22- 44: 
podzol-ia 

Ka'tuga~soata. rds-ic 0.?6T 

4..rz-tinay"-I' scody- !,0.48 222 

5..:Auc--dhapura r-d~si-is=*wn 0.Z7 54 

A. Kankosczturai. red-yollow. 8a*C~3 

T.. Betioalza. nw-calcica 0.35 TIC9. 
* brown 

8. red-y-allow.: 0.93 3 79* 

9.. aM~bctatm reddi sh.-bxvon 0.741 

"urea IT meer et aLt 1977.-

Jb3Irna. (1'977) a-* -tas tJ~t tiio or'-dibility of 

.Sx-L Lnknn. oi1a is oxroasze..by a. 7Lot-mexx the~ 

exr6sive po'ier- o' rnln.-LL. (R) cm.n~ the or.;dibiliiy Cf aor-) 

iw ocoi .T&Lv-i byI.~ ~ iojr (. thve-=dur-t 
±uob. tilut W&I-han illipLie.L tyho ei1 R= h 

oGq.Iw tha. noil loan fmr-tho s:.ils ule speciioc2. condItions. 

Th,. fatorz.LSC and. P rr associatot1. ith. tho -. oa! o~f ulopeo 

vriin, control pm-i"ogartatIve" covor- an--' er,:.onz 

Rellable: cisti±mtow of thoso fact-ire ay*1m. o~jto±iod fxo~i 

-34.Sil Cnservation Soz'vio Tornbnica2. RoJQamm !To.-' 51 
*Jtnnzz'r t9756. 
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* Tsei3re gameSOvr-lues of soil erosion losses 
due "to'tea. pz'oduoti.-m which siSnif tc'nt note.aro td The 
Tea.. R6364orch . natituto ostizzcn M~sh&s that ..,:uoh rda
 

.280.. mcstrdic taus 
of"soil car- b6 lost ---r .1ectaz'o. annucily7 
.fro. tea. lacz tha~t havvbeen'replaamtted an atLyop lands. 
The vuac~rabfl. -,eriods for soil: losuas occur- whoft the
 
Ooil. i. bacre (after-tha. old -te. hasn 
 been d.=i~ot 

reno vod'.. until _- Gua.eincl Grrss'co-.r. ic o~tajlish~o&)
 
and, f3Zpm. fao tima tho Gua~tem.. is uproaote4 samtil 
 re.
plantod tam -.T closed in&. Lasscss- of ;?22 L'wtwic t na D, r 
hocoar contcizzing TT' .erctons ci rsftnla =zjte will 
.dvarsol,7 af:c th(. *rductivity a' tia. aroded la~nd,, 
Stucli.'s by Bc."ee cau.d Sli .rjapat'hy(1965) on. fftur 
pk as.ot Zq-tate reprosi ntad by 1) lenids. ',;=aat 9'.. 'Ciombc 

af A.er ea; 2) V-- y~ea=~ old;: 3) 1oaira.bnro ..L-ter
 
Gu-tz~la2zs; cmzd 4) tso. 1 ,om.r 
 ald,.' coazlude t!o

'Soil. louds. aiue to' ten p~ni on be .con
. orvativeol.- tszt.J a a,;, Lt-4w. T65 to 330 Mofiz_* 
 tins
 
.,ez' .,.tctaro annuc"ly plusi t.;-.. vddLi imno.Lasc*af 8 .1o- 16
 

~'rz..on p.~tr. .rg.nnc. .c.ter in-corpormt%.t±
 
'i. 180' to 360- 1ilogrom ii±trogon. losse
 

* -ACTS 

APilo t Ptr er- t-3zizant a 301l :3= zli±3 

*cboOZSII 'Oroat- lands, tho.. tar- lzjics, ea=~J fe*or 
- aoe zusfa~od. '"d.of 't-10 'Upper "...ter'a.aod Lsn. ; 

Vlq ?iaral.L; =d. in. oikar ;to 'Wi tbQ.rizo: Zath" 
r . * * U . 

4azb~p'i,.LiatqIby*'TAZ fnrestry' id.lang uU368-1c±inta..



This w.-ill de~monstrate. the i ortant inter-rolationship 

of re irtstationg px'opcr.laiid'use, sounid soil conservation 

and,. IL-u2. maaecont 3 iz',cttice 4 . It will also show the 

necessity to ovorco=~ the laqck ;)f essontidl iLnf,-rmtion 

- fo iestry. ci&laand. uso. of 'the. up_,or catchaont area of 

tho Mahawli.. 

asetn.aL laxd u--eo af0sizeoablo pot*n. a'&thb 

uppcar -ators11etcroa, 'has. boon.. 4n-po . frou 1979 ,aorial 

pho~for. (1'.: 20,,000. scLdl);.o& is. beingto~rrdt 

T' 3y,6Yprinted topru.raphic. iaps, tb-which will also 

be- added. the soil boundariexr of. the principlhl soils. 

This coox-ina.ted forestry la=nd uso. sil co6nzervatizn. 

prajoat will.bi weU2 cnoug~. =,Ivarcud ta bo partially, 

a.zqd for this- Miaterm report. This rill be for

dbout 2OOOT hectaxes, on th6 Rai a Southweat. topograpiic 

The. foQllavin& land ucwe. eaokjgorias. wore uaecl. 
wih ~erliol-:jSqnfld derivod. from~ the land use,he 

cla"gifictii. 'adptedoi a the 'C3=,aisi, n -)x Viorid. Land. 

Ua&.Smrwy Iztdlutioncl aoogra; I icaI 'Jhion. -

T. Sattlewonts. and. Ags:ciatod. TXn-riultuzol 

2z- Hamws Gtons. 

30.. Trsea ancL.athorv Penmrna Crops. 

*3Cz- C'ocza. 

3TZ.- Poor oi'Abandoned Toc.. 

5 -IT 
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4.Croplan&L 
.4P- Paddy 

4Pd Permanont dry cropp±rg 

4Ss.iftimg Cultivation (Chona) 

4" Tobacco 

5"- Improved Per--anen' Pasture
 

G. 	 Grassland and Scrublad. 

6L Savnia or Pattin 

6So. Scziibland. 

7.tbodlqd. or Purest, 
'72" 	 Plaatation
 

S., "Swc-p-or Marsh.. 

9. Uhusocd Liud.
 

Th. "thephoto interprotatio4n in additiza to 

thre.icn. use symbols,. a.symbol. for the do6ree of slope: 

was.=arkeod f:r each.type. I The slopes wore calculated from 

the;.mbcr.:f 100 -fect contours per l!f-inch n.L the 

" nv-inc. topogrtphic w-ps... These,slope symbols..Ml. 

a. ea.drlas am Z. 

to 	 tho 20 peZcOit 

* Z. Sloper botwoon. 20 p ro.nt. and 40 po.ent.. 

S 	 *,.I.a.Oopes. greator *ban;-40pecn. 

Bbundcriow- of tho. three prtacpo.L. .3oupa of'bo ils found. 

* x.'tho Upper Cdtchmnt wore added I= the.mp to complete 
ozosn of h. * ,r io 

thz sO.et'3:ta potantial f or thoeroin and. ao-. 
leae . ', thre- principal. sil ., 

T3:IP/r-AO Grocat. Soil . roupDsqntin, are an olos
 

and o-r li ted in-tho.' zrder of '#edosco-din order o
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--

um~p/yna "iquivalant
 
Grclt S.Al, Group Suil~ TazoQm
 

Desi~m~ion. ) (USDlA)

Classifications

.flddish Irrwn, Earths. Ustalfs 
Iindustclfs, L iHpusao.f 

aw. Rod4y~11-ow Podpolic, 

.TzripepterI 

~ - fy st~rop opts* 3g. ~tuxe 

The, Principa. an-il on the Rafl.1- &,utiivitst
 

a== is thbt Red-yellow Podzo]J.- soll sz'oup.:
 

T fo- lt~ tho compilation of~ the 1=nd, use* 

data. v.rjous. 1=nd. used typas w!..rer .ls:; grbuped in three.. 

S
-clcmsiso 4. desdand"--order OZ erLci~n r siSt22ca 

TH 3,.j 32, 4P. To. 7Pr 8

;~ 3Tr,.. 4.7r 6Sm. .9 

12-bm 5-9 balo-m is. a. suLz,y table of thea 

Rangq.a. Southweat. sIheat. in- ashi'hL is tabuLlted tha Ird 

*',CIO r, Trrrrru.B& typtsi, varz±U5. ClazBOs :): lama 1150 slope 

iil2sieso. and. soiIL oses -tlhmugh so-il exoei-n in:&Iir 

.5 -19 



Table 5.9 
Soil Lose by Fa-6sion of Red-yeIllo7- Podzolic Soils 

* (etric. Tons per 12octLro) 

Land Us 
-Class __o 

I 2H 44 4. 

4P* 

7'4 

4Pd. 30.7 91.5" 
Es. 21.1 41.2:
 

rrr 3T= 
 061 

21.11 41.2 

wijIt-~~ .).tod. -;%hat*thu gecteit soil, 1oss±J;.
tI::.*.3.R.c-.2;mI. Suthwoe 'ro is the poor to' ife~y T
ir 106*metrc: tonz 3C,&hoo re) - wit~ Vieu lcat boimns.
Zead~y ..nd. next to Iowes&6 be, i,7 *17woodlaud -or forovt 

w4hto as5.Oft only 2w. :tric tons' par-,hoct.r.?a. 

Awmbk cre'rs 'oze c-ompleted tho'soi~la ,11lv.
'd alculztod. pr-other Iana usa claaus on1. tyez cm the

three' di frent siope- 1ausss. It .'iaticjipcte 
 tIlnt a~ 
Qtho= izid*u~E n. t4,.6ye ato' u. mmr ttwil 
show pari:Lulaly U~&h..yvluea iar tho 47 (7obacco-) plaonted

'oD oTor 40% slopes WIth. no Boil.*er ciair oontilj LaeLNUzeg 
aiitLizede, 
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Reference is mnde to Chapter 6, Forostry, Where.
 

o"more detailed description of the pilot project will be
 

7found.. It is believed that the preliminary figures for soil 
.losses in .Uetric/Tonsper hectare are conservative and that 

as more oxperimental data and information become available 

the. soil losses from. erosion will prove to. be even greater. 

rbrested and deforestod areas, good.tea and poor 

.'e. pl.ntationi tQbacco-plantations and sitear of both good 

sol. conservation practIcea and. poor soil conservation practices 

- - -. .= have befin visited in 

the upper' watershed cxeix and photographad in preparation 

for 35 *- slide presentations.. Nearly sixty Sites were 

visited, and, photographed to illustrate both good and poor 

land use practices on. this important watershed.. To this will 

--be added caltulated soil, losses zmin-oilsof, the M of the
 

watershed.o.rea frm the back ground of tochnical meterial
 

found Joshua' s paor (1977). This will complete the pilot
 

pxoject.deacribed above..
 

I • 

1n.. ad Ution t o To.shuaJ s* wozk~ on soil. erosivity. 
aaothor- si-ificant. *ork of soil erosion. research is being 

•*6anducted.. on. an. PAd7 Dep-. of Agri. sponsored' water incla e

taunt Resiear h Projeqt on. the Nnmu. Oyu. WTtorshed. area. of.
 

"*,o'O00acres. 'Runoff is being.measured on a. detailed study
 

*ofi.the: ma±=.*catchient~and. sub catchment. aad fro three
 
ma.±n. Plots.' of*well ;mna dd tea (3 replicatiaz).. 'Runoff
 
and soi lose, is being monitored.as well as all. management
 

practices. Dr..*Nbz~an Hudson consultant from. the. ltionol.
 
Cofleai.t of'-Agriltuzzl. Engineering, of Silsoc... Bedford
 

31291d&an&. P.- Mrishnaragah. of 'the Soil. and~Water Division
 

of thq D~pcr-tment, of Agriculture of-SriL Lanka a=& the
 

5 ~2
 



'direct/y- involved, in this imoreant cooperative resoarch 
iiroject. It.is research projocts such a"those which-give the 
sound, fechnical basis. for- good land use cnd ,ell disigzned
and. well executed land mn gemeut practices. 

Acclerated Areq" - Ipacts - - Aoil erosion will
 
increase on. the u pland areas of the cceleroted arees unless.
 

caroful attention is. paid to. design and. layout of irrigation.
 
an. :drainage.. systems... The Reddish Brown. Eths:R;)-r

.pcprticularly suso plble to erosi-on. 
 Annual. izrgatod: feIp
 
zou= percont, slopes on all soils. -


In System B. fho soils are gone=aily coarse 
textu=ed with the, oxception. of. the recent alluvial. of tha 
twa major i ver- flood .plains- "Theso soils'. are sandy alay, 

lonns or. co-rser i .taxture, hence the mvailabIc water 
'holding capacit and. ca-ion exchange capacity tends tosbe 
ZM'. for-.saiI occurring- over the majority of the. proj ect 
area." AlthougImsalinIty does not appear to be n. inherent 

probrlmr howeve.- with the introduction of irrikation water, 
saiz-ty,e=ultd-buil7d p-in r.-orly- dmmine& thereforeareas-. 
the provision of'adequete dra.inngo should. be.throughly 

invrt.gatela4 to prevent this from becoming a: significant 
p.,le ..-not, only . Sratem Bt,. but inthe other. three. 

-. 

sYiema o'f the A eleated ae. as 
. 

wel . 

MTw reddish .tc browr. sondr loans, usually
associated with the. steepe= bloposulsfad.-water not only
becase of g=adet,, but also duevtheir lower infilt=aton. 

.nann ed. i==igution zoild: . . .. " h. . . . . s n. d- .. . .l . %.c. .. t. 

fhzthei.% qggzevate tIe- .exoess.Lve wetness 'of the associate
 

±Owlands dijr n- thq: T monso season.. ecause of the
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nauo of the- clay"fraction (R_olinetus) in t.o reddish 

brown soils, .thoso s oils dry out' rapidly n tho Tcdla 

monsoo' soason. "Unlike thoir grey-brown sandy counter

.parts which- remain friable, they bocomo cxdeedingly hard rnd 
difficult to 'cultivato. 

!Zn System C poorly -dained soils occupy and 

OCCU= in larpOr Qwaat coftiluous., &* than.*the other'two 

9=oi~i.of soils.. The yroportion of irmrigablg' upland Ln. 
to lowla~d is I .2 .in the ]Torthrn portion; ,kidbing. to 
1"'.. izA tho Southe. portionm.. Relative rel=6 f is much
gr'ot =-in the*Southern. than. the. Northei-m portion.- Slope. 

irrogularty- as much as slope gradicnt is a major problem.* 
for irrigatiocnpl rn,{i in, .ystem C. 

More infozmation. must bo forthcoming from. 

Systems A.and. D, before. .imphct anlysis can be made of
 

the sil7na. €d.assificat-on and"Iand. use. 

=ACT ,A.ASIS 

Tcnoraf"aonsi_ori ons,. 

..The- earliest civilizations eergod whore soils
 
wee reci ios - r d dio&
n.'w aostavailbieut whem 
soil bocams- wato=l6god. and. sal Ine through fault7 irrig~i±on;: 
ten. torzhedc3- d..boon..doforested . Whon;..s5il erosion 
.. W.silt in had dcstroyed' t '. verT basis of aricultue.." 

o. 7o d''rigaio= 4&ag mach a. proble=: as"a olution to 
±r;provedr,ag-ziultue. AcOording.' an, estimateC br the Uniited 
N-ttbnir .oad, An cultu'l" OrganizatIon" (1,Ao) ', 7o%-

S O.fth iri .. e& aq and P.hk..t. i 
' ffctod: by-atorgZnC and the.,.buidcr of salts- "The-. 
pprbtemc-is not confine4 tdt the tropics. * t ccuzs in:
 
oary-, pouintri'yhict. davelos ubtantia). ir-&t4 n
.p s su,•. bs•° 

•~ ~ ~ ~ ~ ~~5 slsmtJa Z a3ir"OtrW=c.Oeaoo.' 
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Th~ cc~~,:±.4 zoil~ct cnd~ realisltic 


*co-sorvcation pr-.cticos 'ctin bo fr.-ulato by riiti~tir
 

ralativa Qrosion hza~rds, in a=_-Z'or rcion xr..t1o:C thor
 

by ivi a blanr 3t reco'.,nidltipfl to covcr all plontation
 

*as ±apccty orno. Gbocontions' involvinn- cr6aion hazaords
 

z aiah =cpont-ing o,- olId tco Iands, prurnZn -toa.,id Ila
 

%*C-.cdin by thi.u u.-% o,? thc cvco_;siz~d : '!.Krandill hand t oI
 

c--," be' ti:zed ror ceriods- of"=i=4,.n 7-iiy.Si
 

co .rytcn such -ostablizhzntofcf covcr.corzsmosur.,: as 

- d-ncinainin& mulche.s cr.nbca adbpted =c6drding* to info-- .,i on 

6f s-oil exordibility, : Aft -cr pi'uning, 'caoso. cuj.tivatioa ivith 

~he"K~onci."hand. too2l. is *nadc-, a~n~d sna.l Weeds ar 

&:thcrod up c.~cd* an4.buzymd instoad of Io.-nr t~zcm to*
 

frc= z T~uch a-~d brotcct -"3 crCsi-5n. Thlis pxscr~
 

~a:CmGpr~actica invites Great' soil. loss -=nil'aftu=
 

tho .t.ea ..L cov _rs U- . V~ a.Li~ n :anioi 

&ood,,saij_ .bovor )rotction. 

Co ndar ..iqAdl-- a Jh,: 

of: tho: re92~ira. stabil~ity and instabili ty of thevcts,.
 

soils ofaAA 7aOteI .of tha l~aha.voli DlOveloy,tho Uppe= esl-6d. oro. 


cdnt ia' in;o~tnf eavaloping 9. oln~e
to%=r .- rogr 

and. pleser'ation c14 this .irzloztant'for'Catii.fecztatioa 

rsdCx rfte~~1. stabil1±za~ u per-v~tm ~ oli 

* . ~ ec = yi. p=3?,'-t:,fthe 6ntiro.u ztoQD
 
&d'dovjst~e= development. Withput aoti, timc-ly'-.
 

* wdl-pa~ade i-panged,v Llomcontod and oz.-anizedU ol 


re or'ost pnMa- .1.do%-nstirc= .vovlp.-
ao:Io!- n. 

mont±iffdoor-ia'd:-o failur -%soonoror-. h. 
*rareof this. ;.t . -bat d dat-Ile d and: b;n*±callj soun.4 

*p pIf -. t ion to ondrnplomnt o~~n bcorGanizod,*- ef' 

litffiient techntical s trengthan'dtftd*vo&wl-on 

omiSsion3 pitfalls,,, and err~rs of. the past and to provide' 
for. sound land use 'for the future ienerations- of, Sri Lankans.. 
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,.Imortc.at 'basic data. on the erosibility of -soils. 

inh .1r4,a has been a:nd is being invostigatod by soils 

* ciontists. Future ploxmning -for approipriate land-use of. 

ih ase.asoil*s. is =4tnry to, dav tho soil ,.and water r'esources 

of .this country. 

Rocor~en ed- Aotion' - Tmer Coatchment 

Thao. _4irortance -of macnaging the M~hawoi watorshied, 

P~zticloz'rly in. miatal ning- nd mna~ging "bagetoation is c'ritioc.l 

t- hs sucaessful. iloneitzition of %tho. stora~ge,- irigatfon. 

and. dz'ainacgp ystes .for the accelera~ted aeo. thtmt i-t needs 

.Mr~ S~ecific onsidorotion.. 

The- mitigantion. of flodds z drught begin on. 

.upla.nd. watarshcds. On-ly 1-y-'4he rint-en-cc-and mna.3ament 

-of. diita~bI4 ve~etattnn =d,2 lcn.&-uso prcotias upetroam can-

Qiultu=tI-Ia-d be pxotectedeffron the'etrees.of too-. 

much-* 'c t66 li-ttle .wao. 'Wegpiatio r' not only holdz-xatex, ri 

rcliitslowly, but it cmnd tlizevulchcs that- can- be'V 

crcz'ted'ffc= it improvaL tb physical- Cha=4ctGristicS of.-' 

tisiL. Litt or an&Th mUsUOnh-MCCeSCil. st'TILeture.., irpcdo 

runoff', .=d. incronaso. the. cavacitv, of the soil't'o &.bscrb 

=i~ture... 

*In.SriLanka-. tha highgav =cuzi 'of -sail.eroaion. 

i~s.bsrvad in tho upIzand =rba in spite of relaividly-.1ow 

-saiI Gradrib±J.±tY.. This- is* beqauseo of.- the lo.7 =. steep-

b2;opCS. v~it±j~ in.thiS- =e. * .T~± J*S capoCiallr tzUo

of. Ph. huper-wtb4hSW dxa. of the LXhweli., 
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Tho11 rul 0.~sofvtcr rno"I'0cnt for-txo 

Zi-chcwc-li. dvolome.-t. Jis the protacti±ron of. froreutsq voc4d
lc~s ~.t c 1~. .c tor ro t.cn-f ,thcy hiva ben
 

c'.stcyc.~T~?s. int-~iriz=..estc_"int on i1=d use -on 

of' t~e most -- some :cs'nonsibilitica in p2.:c& whOzc 

p'opu1tion- is.* a-.ta vvLl 1 bcioo. so. T2o. rostrai.n
 

tea. lancls ovr- 0-efcroe-ta.ton, buirS.~of 
.:L7'z."ng or-. stooap h=J.-C flflng' wha=9 lnd: i.s'in shorir 

* sp2ny-servp=hibitlvaly d-f-iu-7 t T' it- is nat- done 

t.e--prica 4a-tio- fur-.hc= d.os_'u:c.ti of soils.. vostagam of 

Lwkcrc-
In planto-tions: of tc, vd~t,.n~tir
 

=02;1 or.~rdy,--stccois~fuI estcabLishce& on =odorcat o
 

slop~ ir-rpo zvrd 1=1d and. err- ;= -Gocnnt ;r!:t±cucs
 

c=n.. :-t-hiecC orC~ous zediwtiol~z in. soil erocion.. in- hea
 
T-'hia losse.as 4..5 bili: notr'-'c tons of.
t3~±tcd. Stdtesr1

ok: ~otorpo~ cxpimnd voshbmi. the Ofcti.7cness-

=op rotcat:on . 1 cn=m.-In the*cose

_oP''otcOes'. contu- Ttn,.-redizced 'thi.soil.- erosion, 
4=:it b 'frcm- 3?23 me i.1'onspsa hc -1:aro to o.0aa motT &c 

t* -' zvn emz, -ro6 

qn.-1 Cb ltcn p1~e. d ontoucIyon cvn e-ci slope 

".0.tad iiv' 4~ ii.L. os6sof' 46.4 motr±&- toan.? o 

on th-.gf o ix 

c ntou' r cd~n oo~..'I3~C? tons. Z~y addizz~
 

mcureo ow rcmtto=7 ucla cs.,Icv" dry- %wads,
'-othez6%n oc 

to'-producc, -a -topco±l-mulch,
z"dh -Ptt n. 

to* improve% Om mcri rapid. intake, oE'soil.1. 
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!Sis.+-.,, soil e~Osion.cam be roducod by a fa.ctor of three 

u-f'_ .' fol' Although these fi.LUes- ma not. bG ectly
 
rolatlt.'e to other climates and other so 
 ls, they a-re sugges
tive .ui mDt conservation moanures eazL achieve.. Those
 
.t chniquas for.preventing soil loss ,and depletion 
of natural 
resources h-a.ve. boen known, for-a.long time.,. but man. -often
 
.foreta: or-neglects- them.."
 

"In.the Porestry .oction whic h .follows a.
 
recc~mendod ,lan..s set 
forth to -iplement..a.. constructive 
program of feferestation, erosion;control, and bringing 
stabilIt- and..hiher, productivity.of. the, agricultural lands 

a gdc.IeS: ncI.P -,noct jr-,. as. ..conc erned -with the 
*restomtiom o. the.-basic:..naturrl--resources of the. Upper
 
watershed area of the-hHaaweli.,. but there is..nGo-.vqi-.ll
 
co,rdinating-plnnn-. body.,or comprehensive legislation
 
OW well-defined: plan .to bring this about. in a,reaconable 
and sati.factory mcnner.. - Ufficient numbers of well-trained 
technical people are ir., short supply.. The soil conservation 
aer7.ic. of the, Department of ,griculture- is in charge- of 
soiI conservation mecaures, but only six technical po 61le
 
remain crut. of"a.total. of some 
 64. people. who originally had 
training in,soil, conservation.. . A r'e-lIstic budget, sufficient 
trained person=el,. -a central 7,2a"pai, and' controlling organi
zation, and precine and coprobbzive legislation aro a3l 
m-necassry-part. t.o -crary out an -offec.t:ie upper--watershed 
pl=' for-th=- ,ahawel, developmont.. 

Recommended Action - Acceleratod Are 

3inordor 'to foster I3 3irity mdefficiency in 
pai the irrizatibn* de~elo'm'o-n-t ahaOt~ior s a of 

:'.. ...• : :. . ,...., . ,.., 

thi AC6olez~ttd*Itda within'tht 'Syitms. :D=Ya 
seriou, tiu~ht needs 'to"be given to os b ig"Inun+fo = 

Indcolasific-"tion stndards and spcflaetons. System -' 
isa.-good eyxample *of land classification based on USBR 
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specifications, wherein four arable classes wore used with 

. 
one tr-.Jortrn;7 ncn-arable-claso 5, and one non-arable class- 6 

Various management practices will pezit the 

from coarser textured soils howeverimprovement of production 

these will rvquire higher water, fertilizer and labor imputs 

to boththan will finer textured soils. Th-s" will appl y 

upland. soils, and lowlud paddy soils. 

Paddy: is especially zecommo-ded for the finer 

some upland or inti=ediate slopetet tured lowland soils, 

but these would, requireused for flooded. paddy,soils miht be 

to faster percelation ztes thanhigher amounts of water due 

lowland soils. .. 

Rocky and shallow RBL' s should be usable to grow 

wuodlot trees suiLtable -for firewood..- Also the use of species 

-that reproduce thenselves to more completelyprotoct soil 

should be considered.'fromerosion inzthe replanting process 

Steeper topography limits the deeper phases of 

ERB' s -'d these lands should not be cloa-d for rmual crops 

because the i.sk of eresion is very high. 

Very,steep Ilope&.of Over-40% are better suitod 

as -forest tree8 of appropriateto-perennial plantings such 


species td'suit. the planting conditions and local climate.
 

Judging fro the dendxitic patterns of # s, 

n LUand a and the relativel.particularly in Schemes B 

difference, in elevation in mrny areas.between upland and low

land.soils, a more adequate mssessment af the dzanage

•requirements.is felt to be necessary - both for a.tochnical 

design and n economic cost analysis... 'xport advice on this 

should be required at = oarl.y data.. 
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tL 3ugz' estate has beon recozmended in the 

feasibility studyr for the northern are of System "C". 

However, until a detailed land classification is mado 

cnd the drnage problem completely analyzed and technic

ally appraised for future land use, implementation would 

remain only one of a choice of possibilities. Furthermore, 

for a viable, agricultur13y technically sound Sri Lankan 

sugar or sugar by-products.. industry., all promising adapt.-ble 

lands should be considered, from vAich final tareas would 

be selected. This would include significant contiguous
 

blocks of land which'would be characterized by deep

well-drained soils which are neccsscry for a high sustained 

productivity of sugar cane. 

5 - 29
 



LIST OP F= R CES
 

Fa.ls, Canda (November 1979) 
Acres International Ltd, Niagr 


Abnex B
Prodect Feasibility Roport.,Maduru Oyza 


and Land Classificaotion.
Soils 

Hasselo, H.N. and SikurapathY, 14. (June 1965) 

and Brodibility of Tea Soils
 Estimations of Losses 

Journal of National
rifng the RepIcnting Period. 

Edited by 	LR.
gzipculturnl Society of Ceylon.. 

Peradeniyr.
Appadurali. University of Sri Lonka, 

Hudson, Norman. (1971) 
Cornell University Press Ithaca,
Soil Conservation, 

New York.
 

Boreham U.k. Decomber 1979)
Hunting Technical Services, 


Uahweli DevelopmentStudy Sstem"C".Peasibility . 
nd LandProject. Annex B : Topography Soils 

Classification. 

-Tokyo Japan
Japan Inter-ntional Cooperation Agency, 

(August 1979). 2easibility Report on the
 

AgzriculteralMoragnhakanda (System "17) 

Development Proj ect. 

Joint Venture -Rnndenigala Sdlzgitter Consult GMI,
 

Essen Electrowatt Lngineering Services Ltd,
 

ZUericl... 	 System A - Present Land Use and 

Vexetation Survey 

(1977) Soil Brosive Power of Rainfall in 
Joshun, W.D. 

aymposuim

Different Climatic Zones of Sri Lanka, 

Erosion and Solid Matter Transport in Inl-nd Nters 

122, 1977.AISH Publication- Paris. 	 "ILHS 

5 - 30 



Soil Scienco Society of America. and Aerican Society of 

Agronomy (1966)
 

Soil Surveys and Land Use Planning. (196 pr). 677 
South Segoe Road, Madison Niscondin, 53711.
 

M'ited States Department of Agriculture (1975) 

Soil Conservation Division 

Technical Reloase 51 (Rev.) January 1975. 
rrocedure for Comnuting Sheet and Rill Erosion 
on Project Areas. 

Wischmeer, W.H. et. aI. (1971) 

Journal of Soil and Water Conservation, 26.: 189-193 

-912m9ier, W.H. and Smith D.D. (1965) 

Agricultural Handb6ok No. 282. United States 
Depa. temtn of Agriculture. Agricultural Research 

Service. Belsville, Maryland. 

5 - 31 



QCiATU 6 

-FORESTRY 

INTRODUCTION 

,.The Forestry task of assessing the environmental. itnpacp 

of the Nahaweli Accelerated Program is composed of two separate 

studies,, the Upper Catchmeut. and. the Accelerated Program Irrig

atior Systturns. 

This. Iterim' Repor t deals with the. present land use and.
 

forestry mapping of. the upper catchmeut and an outline of work
 

p.nned. for-t1ie_ Iri&atiou Sys tems.
 

UPPER CATCHMENT 

W|ting Conditions 

-. Overview -- One critical factor in. the successfuL 

development of the Mahaweli Gauga-.for power. and. .iigation is 

adequate soil- conservation- of the catchment area. to*prevent, 

slltation"of ieservoirs and to, provide protection of water 

quality, for irrigation. 

Field reco naissance by car a d helicopter indicates. 

that- there. Is serious: erosion taking place. throughout the 

catchinent. area.. In order to quantify the. extent. of the problem, 

&.present, Iand&use and forestry imap~is beltig. prepared froar avail.11 

4b.L. 979;, l42000- scale aeria.L hotographs.. The photographs. 

covems abo,.L 75%. of the, catchment~area, adCMPrl.se 546 printi, 
.of whichr Z52, pairs were annotated. 

Mapin& Method - aduse, typing*on the photographs 

was carried 'ot using a generalized legend derived fro. the-

Lc isif icatio&&.do tea: by-. the, Cobmissioil. on. World Laud Use 

Suvy,.Intercational. Geographic Unin. 

Ricause of. LacIL of. time-,. the niumber 'of categories:'ware 

reduced,. n& one categorr, 3 T was' added to indicate poor or 

abandon*d:t The classificatitoi. torthe upper catcbment is 

6." 
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'is 	presented-below

1... 	 Uettlements and Associated non-Agricultu:al. Land 

2. 	 Horti:ultura 

. Homest ead Garden
 

A.; Tree* and Other Pererofial, drops:
 

3C Cbcout.
 

3C& Cocoa.
 

.30 Orchiard.'
 

31L iubbeir-,
 

37r 	Tes . 

3"jt.Poor or Abandoced.,Tea 

A.. 	 CroplanL,
 

41 iaddy
 

4F+Feranent dry cropping. 

4S: Shifting Clttivatioa ( hena) 

4T,Tobacc 

* 5;Impovid. rn i ~~e 

6....Gras 	land. "and Scrubland.
 

-6S;Savaira or ratana.
 
,.6Sc s+=.mzbo.- en.,, 

:7 
:7Y. 	 .,oodland" 

'8. .	 Swgi and. Kazah

.iddr.fi.o to. the. ld-use symbols, & symbol for. the 

degrm.-.o.slope was marked in each'.ty'. he s.lopes were calcuL

kted.dfrom tW mber of 100-bOr.'cc~rou== per half inch on" the I' 
ile I!' topograph. maps.- The slope iymbols are presented 

http:each'.ty


below T 

I.". Slo'es less than 20 per eut
 

z: Slopes Setween" 27 per cent and 40 per cent; and 

3. Slopes greater than 4 per cint. 

The~types and Aymbols are~ being transferred from~the 

optical iistrument c to the 2-" 
. "hotographs by" a icale-rectifying 

"I- mile, topographic maps.. 

D$Vndaries of tha three principaL groups of sotiS 
. . . . - . I . . - : . 

.found± in the.Upper Catcbment were'added to the-map to comlete.
 

for erosion. The..three soil

Ohe issessment of. the potential 


groups"are.-listed' belowr
 

S- -Reddish brown earths 

Red yellow podzolic:Oz.' ' 


. - Immature brown loam
 

These soils- are 	listad in descending'order of erosion 

of the soils may be found i=- Chapterresistanceo A descripti4t 


5,. SgtL Conservation: and Land. Use..
 

use data,T facilitate, the cvmiation of'the. land 

in three classes. in des..t various laud uses were also grouped 


cending. oider"of- erosion resistance. as follows:
 

Set,,30 3Ld I."6S 

Ti.' .3TX 4-T 	 69c 9 

U..nc the-ours3e of intearprtation it became. apparen, i 
namely- good.,thatM three. catagoriesz of -tea should have been- used, 

Since- this- Crop Covers such aneXtensivSinamediate. and Voc-. 

;rem of the .catc1 met,- its importance in erosiou dontroIL" and the.. 

amount of .ffort to rehabilitat. such a. larja part of it wilJl 

become. a major. segement in the: regional" development pal. Well" 

managed tea is carefully engineered with accurate terracing and 
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sloped drains and, except for relativelypropc !.y spaced 'and 
of pruning and .fallow between replantings, isshort periods 

an erosion controlling crop. However, there!are very large 

area of tea which'partLally fit in this-category,..partially 

show a breakdown in theterracing sy.stem with'far less than 

a.'fuL :over of bushes- and partially -appear almost abandoned. 

ie. maey appear: in one estate..:All three categ 

Aeriar phopt interpretariou ala. disclosd the 

Tfi. usualcontinuing removal'a'f forest at hfgh elevation.' 

atternr on tea estates, is, to have a number of-'bold mountain

taps or patches*of sxub and- gras& lanc in the. cente ofth. 

forest o. these*areas:, has
e*ates.. Thi-s indicates ' that the 

the past..Iin:some estates-plantbeerr removed for fuelwood-in 
the- remandnt .atibns 'have been. established either adjacent to 

on' the upper slopes of the. plantationi.timbei o t 

study, of run-off and. erosion inThere has been: one 
'the recent. ast prepared -for a: M. Sc degree to the Postgraduate. 

institute of Agriculture-, Iniversity of Sri Lanka. (Potudurai

,r97% -.- The study was conducted during the pariod i975.,-,.976 

forest. reserve -in-the.i=, the: jCaneeliya-DadiyagalA448.kiLyadenLya, 

considered to be the best
souiliern. wetzone: plauds.. .This is. 


forest in' the. county composed mainly of pipterocarpacea
"wtzon-

:W4 tr"2.7'mtrs-tal." 
.*. 4. 

oneATwqr adaceur catclments- werae selectd., the 

one year priori to the. project and ona nat cut
,paFtIaIly" logged 

. % . " S . " . . .z 4.... for th previo,,. ZO :'i'. ozLogh ,otd .roxia 

of the' vegeation. 

ontn.y measuredMa'Study showed that the average 

streams was- Z42Z per cent-greetersediment in; th. two.-catchmint 

that. the ,uncut
"i'th.partall'cut atcbment, compared tr 


catl~clifent.
 

This- "vidence t ken together rith .thw erosion evident 

indiates -that.th, regulatin prohibiting.,om the d. uded hillt s 


cutting afnatiral forest'over 5001 fat. elevation should be.
 

as well as public lands.
:enforced o .private lands 
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Compilation of Existin&Uses - Areas of eac-h land 

use type are measured by a dot grid"and grouped according to 

the three criteria mentioned above; namely land use class, soil 

class and slope class.. 

-.The first map to be. completed and" measured is,.Rangata 

South West.. (Remaining maps are under preparation).. This is 

located in the North West Corner of the.jlpper Catchment and is 

typified by medium class"tee'land, foreit, and scrub... Most of 

the slopes range. between 20 and.40 per cent and a large pro

portion,of the. tei.shou-.d be repiaced by forest plantations or 

- other soil conserving crops.. Table 6T-1 indicates that only 

8.1%.. of the slopes are. less• tham: 207, The whole of this map 

sheet is classed as No.2 soil, Red Yellow Podzolic,. the median 

soil group for susceptibility to erosion. A.copy of the Rangala 

shee. may .be.found in the packet, of the end of' the report. 
/ ' . 

Table 6-L 

Present Land Use 

Rangala. South Wes't 

.(hecata;s) 

Land Use: Total Perc.nt 

Class.Type. . Slope
 
"1' 3.
.'-2L 


L' 2U .473 733 3,6'255 

3T - 6984 - 6984. 34.& 

4Z41 .445 7. Z 
6498 - 6498 .32.3. 

*Tot ----- 4 - ; ,
 

S '3C.' '1.78 40. - .'218 .1.
 

.: 4R& 757 ..291 - 1048' 5.Z
 

.5 29L 506 797 4.0 

"935.. .'. 506. 2063." .10.3'622 


I 3TX - 150 150 Q.7'
 

- 6'S - 3004 219" 3223 16.1
 

Tot.. .3154. ; .119 337 16.3
 

G.T t. 1635 17736 725 20096 :100.0
 
-1rt' .- 3.6 U.U
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Analysis of Soil Erosion..Problems
 

The information obtained from the generalized lan 

use map will enable, a estimate to be made of the relative 

erosion hazard of the soils in the upper catchment using the 

calculation method used by Joshua (1977) for Sri' Lanka. This 

-calculation take..into account the erosive.power of tJ.rainfall 
.for various stations ou.the island, erodability of major soils 

.groups, slope: and land management. Results are given in metric, 

tons per hectare. The figures,themselves indicate .orders of 

manitude of the erosion problem and indicate the 'areas most 

ser:usly. in need, of remedial actiord,_ thus allowing a. sequence 

.of priorities. to be set. up as a. part of an overall regionaL. 

-redevelopmedt plan.. * 

= The universal soil' loss --equation is A RKLSM 

S.(Wischmeler arl ... a.1OA . 

k the mass of. soil loss. per unit area 

R. rainfall factor 

IC- erodability factor..of different soils 

L length of slope factor 

-.n.slope gradien.t factor 

=ocropping ia~agement fac.tor 

2- factor relating to erosion control practices 

.analysis of the. Mngala South West pa is 

show in Table 6-2. 
Table 6-2. 

ro-il Loss. th:Ough* Erosion 
tim tons per hectare).' 

• Land' Us ....... Slope~.. 

*Clas& . Tpe. 2 3 

3T. ., - - .

x 7 .a 

L4 2.4"
3. 4..7 14.1 

"-- 42d 30.7 945 

62 - 21. 4.2 
III 3Tx, - 106.4 

6Sc. - 21.1 41.2 
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of theWhen these figures are. applied to the areas 

map the average annual
land use iypes: on the Rangala South West 

loss ibr the 20,096 hectares is .12 tons per hectare,. The results 

a f crmul, in the aL5sence of corroborativederived from such 


general orders of magnitude;
measurementsrmust be regared as 


be taken 'that erosion. is

however, they are so: large that it can 


ugently. requirec..

verr heavy and&corrective measures. are 

Recomended Actions, 

.Erosion "General in the upper catcnentGontrol 
. 

Lt not only invoLvqs protection of. the 
isa complicated problem. 


bu also crop diversification to

* river. and. river developments 

and the. pr'ovisiou
arxest the decline, of agricultural-'production 


Even now there are local.

of fuelwood and building 	materials. 

nany areas- of. the upper catchment which
shortages of fuelwood in 

the tea and tobacco industries..affect thei local population and 

Government Controls - There are a large number 

of government agencies concerned with various aspects of the 

redevelopment of the upper catchment but no coordinatine body 

or c mprehensive legislation. The Soil. Conservation Service,of. 

i.s nomcnally in"charge of conser
the Dlepartmint of Agricultre 


is a. small organizati=o with. one

Vaticn- measures but this 


vehicle an. a very small Ljdgdet. Concise and cm.peben ive
 

a.s trong ontroling 'organization. is requ.red,legislaton and 

.
effective redevelopment. progr

t. organize and carry dut at 

to redevelopatershed Management Plan- In order 

the upper cat-hent. a overall redevelopment. plan is requirad.. 

step...fth-, preparat.on. of.such a.'pl= is the pre-.
The first 

'pazatio o a. land capability-map. 

Thase; maps aze- a comknatiom 'o-1 a.series of' overlays 

workug sca.l& of U10,00. The overlay& are a present land 
at 


drainage map,. land. ownership map and iont-. 
map ma~Ist mp" s 

these. maps provide the basis
graphic map.- The aombinatioTr of 

s d toorahe-.best land use. for heac 
fo tha capablity mapwic 

'oL, the. Combinations Of* S~ij and top~ography.. It..also shows. the 
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areas most susceptible for erosion, allowing priorities for 

remedial measures to be listed. 

With the land capability map- a 10 yei~ action program 
can be. developedlisting work priorities, staff allocations and 

establis.hing annuar budgets.. 

Legislation Required Legislation.should be 
designed according to the redevelopment prbgram, grantinp. powers 
enabling the. plan to be implemented. This means cert'in control 

of land use on. private land, control of the tea, and..other cor

poration. concerned withL activities in the upper catchuient and 

provide. both incen'tives as weiL as. penalties to- achieve good 
Nr 

erosion control. 

It is, thought that a Fovernment corpration wouid be 

thaebest, type of organization to develop the upper catehment. 
This body would be, centralized and would' have its own equipment,, 

transport. and maintenance faciltities. They 'could s.e.cond the 

best available people from government and-industry and organize 
training facilities for the. large number of' specialists in- the. 

.veoous. discIprlines involved. 

- Administration A.Corporation has. the advantage 
'of centralized accounting for effective control of the many 

actiy~tie..invrolved. The corporate: structure lends itself~ to 
'the- muangent and itegratiott of a number of diverse*activities.. 

.... principaL functions of the corporation. would be 

thw-rehabilitation of. tea. lands,. suprvsion of the crop.. divursi
ficatio. progrm and .tablishm t of forst plantations. The 

.Corporation wmuld. havemarketing functions for the crop diversi

flc&tioa piogrm,. Mtr an extension function for small, hoiders. 

1nt6;=ation&.L fun~ding wilL1 berqird for such a 
Large. undertaking .ut should not present a problem if a detafled. 

redeveropment'psla is. prepared to support the recfest.. 

ACCLEATED PRiOGZAM IMIGAII0N SYSTEMSZ 

ftisting Conditions 

'It appeas from a study of the four consultant 
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reports that the area is still about 50%under forest.. This 

forest is of poor quality with the exception of one area on
 

the. .orth-end of System C..
 

Te.methods of clearine, thus far has been to cut 

and burn; most by. would;-be settlers hoping to. be chosen offic

ially when lands are allotted. Wl'en cleating is. completed the. 

ory natural forest remainin& will be wildlife reserves and 'parks 

plui. small patches. designated by the consultants to be left 

along rocky ridges.. 

Work Plamed'
 

k.present taid use map will be prepared from the 
420,000 photography to provide a base map for.plotting settle
ments, canals and waterways.. This map .i&.essentiaL for the 
location of fuelwood plantations windbreaks and canal protect-
Lo. plantations..' The available maps: are sketchy, lack detail, 
and at A.scale of 1:50-,000 are unsuitable for presenting and
 
analysing detail, for . complex settlement 'scheme or regional
 

,development plan.
 

A.fores try crew. will be obtained from the- Forest: 
Department to carry out. vegetational patterns in the Wildlife 
.Reserves from'which a.floristic, composition desciption wi l -be 
made and successional stages. will be.inferred.. This will be. done 

fron. the point of view of habitat for.wildlife.. 

At analysis. of the forestry situation in the. 
*coutzy- will be mad "fromavailable data and aerial sketch mapp

ing.. 1Thapresent and future demand for biulding materials and
 

fu ood'wLll, be calculated. The suplk and demand picture will
 

be formed indicating the impact the deforestation. of the Mahaweli 

,ares has had.. Recommendations for plantations for various purposes 
wtl" be made to meet future- demad and the amount of timber*that 

, w lt have t. be. imported: in the interim wil. be estimated. 
- I.,'.. . • .. , ... . . ' , • ..
 

Since, the forest plantations will be vear extensive, 

recomnendatiou on training for the Forest Department will.'bin 

suggested;, 
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CHAPTE 7 
PUBLIC HEALTH
 

EXISTING CONDITIONS 

Overview
 

Evidence on the pattern of health in Sri Lapka can be
 
characterized as indicating a 
high incidence of diseases attri
butable to environznmtal conditions, a situation frequently found
 
in less industrialized tropical countries; but, with heart di
sease being the leading identified cause of death, morbidity
 
statistics are more typical of industrial countries. 
 This in
consistency can be explained by the existence of a relatively
 
effective health-care system in Sri Lanka and the resulting
 
suppression of mortality but not morbidity from environmental
 
diseases.
 

Published statistics on health in Sri Lanka have three
 
major sources:
 

-
 patient records from admissions to government
 
hospitals;
 

- death certificates; and' 

- special surveys. 

Each source provides soms.jis!ghts but has a degree 
of limitations.. Hospital data, which are used by the Ministry 
of health for morbidity and mortality statistics, have two
 
primary weaknesses. They identify only one cause of hospita
lization, which tends to exaggerate the occurence of acute 
diseases, such as those of the heart, and to understate chronic
 
diseases, such as parasitic infections., that lead to the acute
 
condition. 
Secondly, the population counted is biased to
wards those with serious illness because lesser illness are
 
frequently treated by the .private health-care sector, which
 
provides a large share of the primary care, or they are
 
treated on an out-patient basis at goverment institutions.
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Morbidity
 

Four classes of infectious diseases dominate admis

sions to gcvernment hospitals:.bowel or diarrhoeal diseases,
 

malaria, pyvexias (fevers) of unknown origin, and infectious
 

hepatitis. All are typically linked closely to environmental
 

factors (Figure 7-1). Bowel diseases are believed to consist
 

of bacilliary and amoebic dysentaries, gastro enteritis, colitis,
 

cholera, roundworm and hookworm infections, and they afflict
 

about 40 percent of all persons seeking treatment at government
 

medical institutions. In specific areas, .such a.s in System C 

of the Mahaweli Development Program, the proportion is higher.
 

Malaria cases also rank high in admissions for all
 

areas but particularly in the intermediate and dry zones. It 
is the highest cause of hospitalization for infectious diseases 
at some hospitals, such as at Polonnaruwa, Pyrexdas of unknown 

origin are assumed to encompass typhoid fever, paratyphoid, 

arb6-vlrus diseases, rickettsial. (tick borne) fevers, leptospi

rosis, and similar diseases related to envirormental factors. 

Since most of the agents in three of the four.classes of infecti

ous diseases are bacterial or parasitic, they are generally res

ponsive to treatment, a point apparent in mortality statistics.
 

Mortal. iY
 

Using compilation& by the Registrar General from'death.
 

certificates, life expectancy was found to. be 68 years in 1978, 
about 26 years more than the expectancy in 1946, Two causes
 

of death not directly related to environmental causes, heart
 

disease and accidents/suicides,,now rank above diarrhoeai
 

diseases as- leading causes (uFigue 7-2). In1976, anaemia 

and malnutrician ranked fourth and malignancies, fifth. 

Between 30 and 40 percent of all cancers were of the buccal 
cavity, and the next most common site was the buccal mcosi, 

indicating a probable relationship between betel chewing and 

cancer and a relative lack-of industrially-related cancers. 

7-2
 



Priority Diseases 

During a Country Health Progranming effort in 1978, 

the Ministry of Health used both objective and subjective cri
teria to rank 36 diseases and conditions by priority scoring. 

In a later proposal to provide health services to the Mahaweli 

development areas*, the Ministry identified the highest ten di

seases in the priority scoring as warranting primary concern.:
 

1. Malaria
 

2. Gastro enteritis
 

3. Accidents, poisoning, and violence
 

4.. Bacillary dysentary and amoebiasia
 

5. Anaemia
 

60. Avitaminosis and other nutritional deficiencies 

7.. Tuberculosis in all forms 

8. Typhoid
 

9-. Respiratory diseases
 

10. Venereal diseases
 

For purposes of analyzing specific potential disease
 
problems related to a program which will involve large quanti
tias of water for irrigation .and.domestic use, the major water
related diseases can be classified into two categories: water
borne br water-washed infections and water-related insect
 

vector diseases. The list of diseases covered in the following
 

sections is not comprehensive, mainly because the difficulties
 

of diagnosis, weakness of the disease reporting system and the
 

lack of available. data on the appearance of certain diseases. 

in Sri. Lanka makes their presence only conjectur-.
 

Water-Borne and Water-Washed Infections
 

Cholera-
 In 1974, 4556 cases and 333 deaths were
 

attributed to cholera in Sri Lanka with a focus of the disease
 

in the lower Mahaweli Valley, Anuradhapura, and slightly north

ward. Reported cases declined to 726 in 1976, but the disease 

remains endemic.
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Cholera is a serious intestinal disease characterized
 

by sudden and acute diarrheA, -voaiting, raoid 'dlehydrahtion, and 
circulatory collapse.. Death may occur within a few hours of 

onsetS'; and the fatality rate in untreated cases may be 50 per

cent; but appropriate treatment can lower the fatality rate 

to below one percent. 

Cholera is transmitted by the ingestion of water
 

contaminated with feces, or vomitus of patients or, to a 
lesser .extent, food contaminated by unclean water.. The most
 

effective control of the disease is. through 'the adequate treat

ment of domestic water supplies.
 

Typhoid Fever - In 1975, hospital records regis

tered 10,656 cases of typhoid fever in Sri Lanka, and a sieni
ficant proportion of "Pyrexias of Unknown Origin!' are assumed
 
to be undiagnosed typhoid fever. The largest number of cases
 
was reported from Colombo, followed by the Kandy area. The
 
Badulla Health Division also reported a-large number of caser.
 

Typhoid fever is an infectious disease characterized
 

by continued fever, headaches, either constipation or diazhea
 

lymphoid swelling- and other systemic symptoms. The fatality
 
rate of about teu percent can be reduced to two or three per

cent or-lass by appropriate treatment.
 

The disease is transmitted by water or food contz

muinated by the- urine or feces of a patient or carrier.. Control 
measures include the protection and treatment of public water 

supplies, sanitary disposal of human excreta, fly control, 

and other sanitation practices. 

Paratyphoid Fever - Paratyphoid fever is not distin-' 
guished from typhoid fever in Sri Lankan health- statistics. 
This disease is characterized by continued fever, spleen enlarge

ment, usually daiihv and eularged"fymphoid' tissues. It is 

transmitted by water or food contaminated by urine, feces or from 

a carrier. 
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Bacillary Dysentary - In 1975, hospital records
 
registered 2,135 cases, which is assumed.to be a smll proportion
 
of ac..'ual cases, 
 In an earlier survey of 333 children in Sri
 
Lanka, 211 were found to be dehydrated; and about 12 percent of
 
these were found to have the shigellae enterophathogen of
 
bacillary dysentary (van Zul, 1966).
 

This is an acute bacterial disease primarily involving
 
the large intestines and characterized by diarrhea, accompanied 
by fever and often vomitin e and cramps, It can be fatal. Two
thirds of the cases and most of the deaths are in children 
under ten years of age. 

Water Related Vector Di3eases
 

In the succeeding sectlors; 44spaz3: wlnsmitted by
 
various intermediate host org.nisms 
 (mostly by mosquito bites)
 
which have an aquatic life histor, phase are discussed. Heavy
 
emphasis is accorded malaria, since this dise.se is a predomi

nant one throughout the country.,
 

Halaea
 

Etiolocy - In Sri Laniza, malaria, =cnsists ma:'niy of 
two forms: ?1asmodium falciperum or maliLnant tertian malaria 
and Plasmodium rivax or benign te_-t.an maliria. Tha falciparum 
form can produce fever, chills and sweating, headache, coagu
lation'defects, shock, renal failure, and coma. 
About ten per-,
 
cent of the cases among untreated chilcren and nonimmune adults
 
are fatal, and death can occur within several days, Fortunately, 
this form of malaria is less common than vivar., .ihich has many 
of the same symptoms as falciparum but to a less sever degree. 
Death is rare in the latter form except amone young children 
or in cases complicated by other diseases. 
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Malaria is transmitted by female anopheline mosquitoes, 

which must first ingest human blood containing gametocytes of 

the-c..aria parasite. Sporozoites which develop after eight to 

ten days within the mosquito may thereafter be injected into 

any- other human host where patent infection develops in about 

two weeks. 

Malaria Control Prior to Residual Insecticides -

Malaria epidemics have devastated Sri Lanka for centuries, appa
rently contributing to the collapse of the ancient civilization
 

focusing upon Anuradhapura and Polonnaruwa (Briereliffe, 1935).
 

River diversion projects created'by these societies may have
 

redistributed water in ways that favored breeding of Anopheles
 

mosquitoes. Numerous epidemics have been recorded since 1858,
 

when systematic records began to be maintained. Outbreaks were
 

experienced each decade. The epidemic of 1935 was of such 
extraordinary magnitude that it elicited international atten
tiot'.' The episode was attributed to abnormally scanty- rainfall 
which caused the major rivers to cease flowing and to form 

puddles- in their beds.. 

Comprehensive control measures were instituted, 
largely aimed at Anopheles breedinS in puddled river beds. At 
the height of the campaign, oil was applied weekly to 275 miles 
of rivers and streams, including portions of the Mahaweli Ganga 
and Maha Oya. The value of this treatment was questioned since 
"the"secondary rise of malaria ...... was greater near the stretches 
of the Maha Oya which had been carefully oiled ... o... than in 
any other-part of the epidemic area" (Diercliffe, 1935). 
Massive quantitLas of quinine were issued, amounting to about 

13 million txe ment-days supply, but the objective was solely 

curative 

Control Based on Residual Insecticides - With the
 

World War II development of chemical insecticides having resi

dual persistence, hopes rose that malaria could be eradicated. 

New epidemics followed each campaign until the Anopheles 
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became resistant to DDT, the least expensive and most persistent 
of the available insecticides. A siMilar pattern occurred else
where in Asia. Among major classes of. chemical insecticides,
 
cUly oTganophosphates, 
 e.g., malathion, and the carbamates remain.
 

Neither group can be expected to be as..efficient because of low 

residual activity. 

The. first national malaria control program was plan
ned im.1945; and by the end of 1946, DDT was being applied 
nationwide as a residual insecticide. The objective was to 
apply DDT ta every house in mat.arious areas every six weeks at 
a rate of one gram per square meter. By 1950,.585,000 houses
 
were being routinely sprayed with five percent DDT eleion.
 
or lindane suspension every eight weeks. During the next few
 
years, DDT, BHC or dieldrin suspensions .were applied at three
 
month intervals. The program appeared to be a success and,.
 
starting in 1951, regular spraying was suspended. -By L954, 
all routine spraying had ceased; only temporary or new habitations 
were sprayed. Spray teams were converted in 1955 to surveil
lance units stationed at 56 of the 256 medical institutions. 
around the country.
 

A sharp increase in diagnosed malaria infections
 

followed in 1956.. The country was then divided into endemic 
an- spidemic zones; and in 1957, DDT spraying was resumed
 

where infection appeared to be endemic. By 1958, only 1037
 
malaria infections were idagnosed among 63,866 hospital ad
,m ssious.r'
 

The apparent success encouraged Sri Lanka in 1958 to 

.adopt a formal eradication program, All habitations.in the. 
endemic- zone were treated with DDT suspensions at the rate 
of 0.5 - 1.8/m and this continued until Mey 1963. Malaria
 
seemed to have disappeared, permitting the program to enter
 

a brief period of consolidation.. Only 17 cases of malaria.
 
were diagnosed that year, and eight of these. 
were considered
 

to be imported from the Maldives.
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Again, local outbreaks: were soon recognized; and, by
 

the end of June, the country: had reverted to a modified attack
 

phase of eradication.. The: problem appeared to focus in jungle 
regions, and the strategy was to protect human communities in 
contact with jungle. Houses within jungle clearings and those 
within one-half mile of.the jungle were sprayed. Houses in
 

. . I ' 
2
demonstrated foci received two grams .DDT/m
2 
. Passive case
 

detection, based: on'fever patients attending hospitls,....pro;-, 

vided the maln, suillance mechanism.. 

'This pattern of epidemiological1 ihtelligence loses. 
effectiveness at a distance from major towns, '"becomingpracti
cally.absent in the remote areas. This makes a special case...
 

for a complementary service to screen effectively the residents
 

of rural areas, particularly those in remote jungle or newly 
opened areas, by domicilary visits for active case-'detection"
 

(Rao et al. 1964). In spite of continued transmission, spray

ing was to have been totally withdrawn durin& 1964. But, because
 

indigenous infections continued to appear, the modified attack
 

phase continued..
 

Between 1964 and 1968, public health workers tanded 

to i£ore the malaria problem. Apparently, however, the stra

teagy-of "barrier spraying" was sufficiently informal that, 

siganificant endemic foci remained unrecognized and untreated.. 

By late 1967, the existenca of a new P.. vivax epidemic
 
had become evident, and by January of 1968, there was Little
 

doubt that the epidemic had major proportions. The main 

focus of infection centered in the North-Central region of 

Sri Lanka in Matale, Polonnaruwa and Anuradhapura districts. 

A. second focus. lay i. the South-East,. in Honeragala and Hem

bantota. disticts.. -"Mesa were the loci of tha 1906, 1912 

ani 1935 epidemics, and maximum prevalence of all four spi

sodas occurred in the mouths of January and February. The 

1967 epidemic was unique in Sri Lanka and in the tropics
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generally because-of the predominant role of P.vivax. The 

relative scarcity of P.falciparum has not been explained. In
 

any case, attributed deaths were'rare due to widespread availa

bility of drugs.
 

The 'satisfactory explanation of the initial cause 

of the 1967 epidemic has not yet been documented. Excess rain

fall was recorded nationwide in October through December of 1967, 

and deficit rainfall occurred in January and February of 1968 
(Ray et al., 1968). The spidemic started during the period of 

excess rainfall and this tends to negate the concept that epi
- demic malaria in SriL Lanka is exclusively caused by drought. 

However, it may be' that river levels varId independantly of 

the nationwide pattern of precipitation. The notable deficit 

in rainfall early in 1968 probably magnified and orclongs d the 

epidemic.. In addition, the widely publicized discovery,of a
 

large gem near Elahera resulted in transient migration of man
 

to. that. jungle regionr and:his-.may. have helped to spread in

fection throughout the island."
 

Sri Lanka returned to an intensified attack phase of 

eradication following a WHO evaluation in 1968.. More than ten
 

times the amount of DDT'was applied during each of the years 

1968 through 1970 than was applied in the year before the epi

demic (1966)'. Surveillance by passive case dp'action was in

tensified' after the program was implemented in November of 

1968. This program failed.: Vrevalence of malaria seasonally" 

attained higher levels in 1968-1969 than in 1967-1968, and peaked 

to even higher levels in 1969-1970.. Resistance hadr destroyed 

the usefulness of DDT against A. culcificacies. Limited quanti-. 

ties of malathion were sprayed beiinning in 1970. 

During the pergod 1971. to 1975, the country suffired 

another massive increase in malaria transmission, and the era

dication program was resumed. Massive applications of DDT con

tinued until 1976 in spite of increasing evidence of the in

effectiveness of this pesticide. Malathion, which had been 
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applied in limited quantities since 1970, was adopted as the
 

principal insecticide in March of 1975. Satisfactory results
 

stimulated additional coverase by September of 1975 and further
 

extefion in November of 1976. This pattern of progressively
 

increased malathion coverage continues to this day and the re

corded prevalence of malaria has correspondingly declined.
 

These results encouraged a malaria assessment team
 

convened euring 10 -28 February 1976 to- recommend "an-inten

sive malaria control programme as soon.as possible." Malathion,
 

as well as*:fenitr~thion, would be banned -for any nonhealth,use.
 

Recent observations on A. albimanus,in El Salvador indicated
 
development of resistance from agricultural use of pesticide
 
selected for malaria control. Such use was percieved as a
 

potential threat to malaria control in Sri Lanka. The use of
 
anti-malarial drugs was also seen as an important adjunct to
 

the program..
 

Current Control Program - By November of 1976 the 

government of Sri Lanka, USAID, the British and Netherlands
 
governments had each signi fied basic agreement for launching 
an intensive malaria control program based on these precepts. 
A new operational plan was drafted and then implemented in 

August, 1977.
 

The basic: objective of the new "Intensive Malaria 

Control Progrm"was to eradicate P. falciparun and to reduce 
the prevalence of P.vivax to an acceptably low level which 
mould, thereafter, be sustained. This objective was to be 

accomplished in five years and would require that all houses 

In malarious parts of Sri Lanka be sprayed four times during 

each of the first two years. It.was anticipated that spray

ing during 197% would be reduced to two cycles in cartain 

regions and progressively eliminated by 1981. The criteria 

for withdrawal would depend mainly upon parasitological 

assessment including both passive (PCD) and active (ACD) 

case detection. Pasive case detection involved all fever 
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patients reporting to each of 235 clinics or hospitals.
 

Active case detection focuses on malarious regions isolated
 

from these "indicatory institutions". One ACD agent becomes
 

assigned to each 4,000 to 10,000 people and each house is visi

ted monthly. In order to make their services acceptable to the
 

population, ACD agents now distribute anti-malarial drugs.
 

The plan includes reduction of mortality and morbi

dity by a five-day course of chloroquin or: amodiaquin therapy
 

offered to all persons found infected with malaria. Primaquin 

will be administered solely in hospitals. In practice, tablets
 

'suffickent'for the five-day treatment are now freely distributed
 

to suspected cases. Supplies are provided to community leaders 

in isolated settlements and t o l-ocal apothecaries. In the 

Mahaweli Region, some 60 - 70 such."volunteer centres" have 

been supplied with drugs. During 1978, 20,096,031 anti-malarial 

tAblets were distributed by the goverment. About 12 million 
.
people reside in malarious regions of Sri Lanka.
 

Habitat Preferences of Vectors - Anopheles 

culicifacies has long been recognized as an important vector 

of malaria in Sri .Lanka (Sivalingam, 1960). "The optimum 

breeding place for this species is a (sandy) stream running
 

over flat country (and which is) almost empty (due to) drought.
 

The water must be clear... (and) there must be a-portion".....
 

on which sunlight plays for a good number of hours ..... Very
 

small collections of water in the sand are much favoured; foot
 

or hoof marks are frequently full of larvae ...... provided they
 

are in the sun. It is useless to look for A. culicifacies,
 

ex:cept in sunny places" (Clemesha, 1934). This breeding
 

habit correlates with the riverine distribution of epidemic
 

malaria in Sri Lanka and. with maximum transmission followine 
drought.. 

Recently, personnel of the Anti.-Malaria CampaigUs,
 

confirmed that in Sri Lanka A. culicifacies do not exploit
 

paddy fields. Of 1084 larval Anopheles app. collected in
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such sites, only 107 were A. culicifacies. Of these, 88 Uare 

taken from an exposed pit in one fallow field.(Wickramasinghe, 

unpublished). This confirms that in Sri Lanka A. culicifacies 

fails- to exploit rice irrigation. Larvae of nine other 

Anopheles specie: 
may be more abundant in such locations.
 

Newly cut trenches and borrow-pits provide additional breed

ing sites for A. culicifacies (Carter, 1930), as does seepage
 
from irrigation structures. 

Vector Identification - About 20 Anopheles species 

are extant irr Sri Lanka. Anecdotal evidence supports the clas

sical concept that A. culicifacies is the sole local vector;
 

each outbreak of disease. may be explained by the proximity of 

potential breeding sites. A. culicifacies is the main species 

collected around human habitations and Anopheles biting man
 

indoors are almost invariably of this species.. However, man

biting collections seldom yield more than ten speciments of 

this species per night. Generally, biting specimens are
 

collected only once in several nights. Females of this spe

cies seem to be strongly endophillic, resting in houses bet

ween blood meals.
 

Two points of evidence support this conjecture: 

- Gravid and semi-gravid females are abundant in 

unsprayed houses (Table 7 - 1). 

-Females that fed out-of-doors onuanimals are com

monly collected indoors (Table 7-2). A. subpictus 

-is the only other Anopheles that is coemmonly 

collected in houses but 'females of this speciea 

rarely contain human blood, and rarely are
 

taken in biting catches. Thus, of potential 

vectors only A. culicifacies in Sri Lanka appears 

to. have fraquent contact with man. 

Vector Effectiveness - Another form of evidence 

indicates that in Sri Lanka A. culicifacies is an unusually 

effective vector of malaria. The incubation period of 
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Plismodium sp. in the vector (extrinsic incubation) is about
 

eight days. Thus, a potential vector must live for at least
 

ten days before it may tra-asmit. The mean expectation of life
 

of Indian A. culicifacies is estimated at only 2.5 days, re

quiring huge populations before the Species can transmit. In
 

contrast, estimates based upon parous-rate of Sri Lanka A.
 

culicifacies suggest that the corresponding longevity of
 

certain local populations may approach 18 days.. This would
 

suggest that Sri Lanka A. culicifacies is an extraordinary
 

dangerous vector, rivaling the notorious A. gambee of Africa
 

in vectorial capacity,
 

Another factor tends to decrease the capacity of
 

Sri Lankan A. culicifacies as a vector of malaria.. Since the
 

species is not highly anthropaphillic. About one-half blood

fed specimens collacted in human habitatigns contain non

human blood Presumably, human hosts were at least as avail

able as non-human.
 

Taken together, these observations suggest that 
malaria transmission in Sri Lanka is highly domicilliary.
 

Although, A. culicifacies breeds mainly in river bottoms, 

adults of the species reside close to man. This presents a 

paradox because it has.been well established that men are much 

more commonly infected with malaria than are women (Table 7-3). 

The male to female infection ratio is.about 1.5 to 1. Since 

men in Sri Lanka have more contact with jungle than do women 

a nondomicilliary cycle is suspect. 

A possible jungle vector of malaria in Sri Lanka is
 

Anopheles elegens, a Leucorphyrus species allied to A.
 

balabaceusis.. This latter-species is a dangerous vector of
 

chloroquin-resistant malaria is Southeast Asia. Indeed, in
 

one site ±n a jungle near Kandy, 83 A*. eleans were "collected.
 

Of these, five contained malaria (Nelson et al, 1971).
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sporozoites and ten contained oocysts. These malaria organi

sm were:presumed to be Simian parasites because a monkay, in

Jec':.d with sporoites from one of these cosquitoes proved to be 

malarious.: However, no evidence was presented that the monkey 

was previously non-infected. In fact, t., monkey was ultimae 


tely diagnosed,as having a mixed infection withP., shortti,
 

P. frazile and another unidentified bl2od parasite. That one 

mosquito might transmit three parasites is ost unusual.
 
This Anbpheles species should be reexa ned as'a vector of
 

human malaria..
 

Susceptibility of Vector Moscuitoes to Insecticides -

DDT seemed highly effective as an insecticide against A.
 

culicifacies during the 1950s, and no suigestion of impending
 

ineffectiveness was recorded until 16 years after its initial
 

use in Sri Lanka. Then,. the first standardized "disc3r-iminating 

.dose" insecticide susceptibility tests were applied, but a 

'system of regular testing-was not instituted until 1968.
 

In the first recorded test, two of the five locali

ties sampled contained a few A. culicifacies that did not die, 

and similar results were recorded in 1966 (Table 7-4). DDT 

cont'nued in use throughout tie 1960b dndre=aL 

resistance problems began to be evident by 1968.. The effecti

veness- .of -..T had declined marked- by the time of the epidemic' 

of.1967 - 1968; and, by the next year, high levels of resis

tance. were widespread. 

Unfortunately, DDT continued in.use until 1976 in"
 

spite of overwhelming evidence that selective pressure was
 

driving A,, culicifacies toward the resistant stage. No evi

dence of reversion to the susceptible stage had been derived 

even. in- 1978,. two years after use of DDT had ceased. 

Discriminating dose techniques of insecticide test

ing mre applied to A.. culicifacies using other potential 

public health insecticides.. These included malathion, 
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(Tablu 7v5).' Eba of' these toxicints in 1978,
fenitrothion, and dial*rii 

killed all-mosquitoes tested at the time and dose schedules 

ado-tad. By 1979, malathion had been used in .riLanka -for 

eight years, the last three years involving extensive appli

million pouuds (Table 7-6). Malathion,
cations of more than a 


remain useful in the anti-malaria campaign.thus, appears to 

year, treated
If Malathion is applie;d four times a 


walls should remain highly.toxdc toinosquitoes for at leasf 

three months. However, malathion spray does not render walls
 

Even within the first 30'dayssufficiently toxic (Table 7-7). 
of'such bioassay mosquitoesafter application, about one-quarter 

escape death.* 

In the event that malathion resistant A. culcifacies
 

are discovered in a particular portion of Sri.Lanka, the 

malaria control program hopes to locally eliminate the resista.t
 

population using fenitathion intensively applied to all local
 

human habitations. Experience with oher Anopheles species in
 

an era-Brazil, Egypt and Sardinia provide optimism that such 

dication campaign is practical. All authorities do not share 

this optimism. At expense, a DDT susceptible speciesenormous 

was almost eradicated from a sharply demarcated region in 

However, a different species population was highly
Sardinia. 


dcnestic and had only recently become established. Further

more,, experience with malathion-resistant A. culicifacies in 

India indicate cross-resistance with fenitrothion (Herath,
 

1979).. If the two insecticides are "positivaly correlated"
 

in Sri Lankan A. culicifacies, fenithrothion would be in

effentive for this purpose. 

Filariasis 

- Bancroftian filariasisAcroftian Filarin 


caused by the worm Wuchereria banCTofti. is endemic in the
 

south-western coastal strip of Sri Lanka between Negambo and
 

Matara. This is the most densely populated part of the
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country, containing Colombo and its suburbs.* Present popula

tion.of this region numbers about 2.5 million people with a 

ten percent microfilaria rate (Table 7-8). Of 589 filariaais 

patients in Dehiwela Clinic in 1975, more than 500 had swollen 

arms or legs and 21 had frank elephantiasis. Fever and lymph

angitis were common. Transmission of the W. bancrofti worm
 

has also been reported away from the coastal belt on the
 

Peradeniya University campus near Kandy (Wijetunge, 1967).
 
The worms all transmitted through mosquitoat bites'of Celex 

gpiens quinguefasciatus.'
 

Large populations of C.P. qigueasc~atus must be 

present before W. bancrofti can become endemic. In Calcutta, 

=re than 315 bites per person per night were recorded when 

the microfilaria rate was between 12 and 14 percent (Gubler 

and Bhattacharya, 1974). In Peliyagoda, near Colombo, 54 

u bites/man/night 

(Sanmarawickrema, 1967), Such dense vector populations re

quire large, relatively stable bodies of water heavily 

charred with organic matter. Cesspits, blocked drainage
 

ditches. catch basins and husk soakpits are most frequently
 

associated with such mosquito populations.
 

C. ..ainduefasciatus -era recorded 

Currently, there is no effective program to reduce 

tMrUsmission of W. bancrofti in Sri Lanka.. However, an ex

tensive program of active case detection is now in place in 

the endemic region.. However, current methods permit recog

nition of only about 1/10 of the microfilaria carriers reasi

ding in endemic regions. When identified,. infected persons
 

are provided diethylcarbamazina tharaphy. The.progrnm helps 

to prevent extreme manifestations of filarial disease by 

identifying and trating some of thi' iost heavily microfil

arm£€ residents o. .the coastal,belt.
 

Brugian filariasis - Brugian filariasis was once 

scattered in discrete foci over much of Sri Lanka (Abdulcader, 

1967). The worm, Bruga malayi was transmitted mainly by 
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Mansonia spp. mosquit- s closely associated with tanks con-

Staining water--lettuce, Pistia stratioides. Larvae and pupae 

attach to submerged portions of this plant from %hich they 

obtain air. •A-total of 21 foci of this infection were iden

tified, and each was successfully resolved by selective 

destruction of Pistia using the herbicide Phenoxylene 30. 

Recognized hvxan infections were treated with diethylcarba

mazine. The infection appears to have been eradicated. from 

Sri Lanka..
 

Deneue Fever and Hemorrhagic Fever 

Dangue virus of at least two serotypes is prevalent 

throughout Sri Lanka (Hermon and Anandara'jah, 1972). Anti

body to Groups B togavirus, which includes dengue, was pre

sent in almost half of the general population during 1966 

and 1976.(T, Vithrana, MI, unpublished). While residents
 

of Colombo city appeared to be most at risk, the disease is.
 

generally distributed throughout'the northern dry, wet, and
 

intermediate zones.
 

Dengue fever is rarely fatal, and infection by each 

of tha four serotypes confers life-long imzUnity against that 

strain of virus. An episode of dengue faver is highly debi

litatingl but the patient recovers withini one week and with

out subsequent complications. Thus,. unromplicated dengue 

fever does not greatly effect the economy of an indigenous 

population. Transient persons,'bu'the other hand may suffer 

greatly during "theirvisit, and this concerns the tourist 

industry. 

HeHorrhagic fever sydrom"(DF) occasionally ecaq Lt

cates dengue. fever such that the life of the. patient is at 

risk. In Sri Lanka, a total of 69 episodes of DHF have been 

recorded since 1965, of which 15 resulted in death. Factors
 

predisposing to DHF remain controversial (Maheawaran at al, 

1976), and it may be that the syndrome is more common than is
 

now realized. 
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Dengue fever transmitted by Aeres gy/ti and A. 

albopictusmosquitoes and an additional jungle.cycle has been
 

suggested for Malaysia., 'In Sri Lanka, Aeres acgyti seems- to 

be the main vector, and thec'hiefibreediUg site is water re

tained in disused automobile tires, particularly when stored 

under trees. Iz Colombo, disused tivis. comprised 50 percent 

of breeding sites of this species (Gubler, 1979). Additional. 

sites included discarded food containers, coconut husks, etc, 

Encephalitis
 

Japanese B encephalitis (JE) is an enzootic, mosquito

borne, viral disease enzootic in much of Asia, particularly
 

where pigs are abundant.. Hundreds. of asymtomatic cases generally
 

occur for each patient experiencing encephalitis. However-, the
 

disease is severe. About a third of patients die while others 

retain delibilitating neurological sequeliae.. 

An epidemic of JE was reported from.Kurunegala in 

1971. There were.76 assumed cases of which only ten survived
 

Serum surveys indicated
(Vitarana,"personal comunication). 


that the. virus is present along the coast 30 miles south and
 

45 miles north of Colombo.. Pigs are reared in this region..
 

Epidemics of this disease can be devasting. For example, an 

outbreak in Uttar Pradesh, India in 1978 is said to have
 

caused 448 deaths (1Ml, 1978). The Sri Lankan vector is 

unknown,, but Culex tritaeniorhynchus is present and this is.
 

a pioneer vector on the Asian mainland. 

Other Mosquito-Borne Viruses 

Chikungunya virus is a group A togavirus that pro

duces a dengue-lUka disease in man. Like dengue, it is trans

mitted by- A. aegyti, and is known to cause epidemics -mainly 

in the. south-western coastal belt of Sri tanka. Epidemics 

have been recorded in 1965 (Mendis, 1967) and (Munasingba, 

et al, 1966). At about this time, 10,6 percent of the 
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general population circulated antibody against group A viruses 

(Vesenjak-HLirJan et.&l' 1969). Interestingly, the. highest. rates 

were.repbrted from Trincomalee (35%) and this suggests that 

other group 3 viruses may.be present in the Mahavell delta. 

The list of zoonotic togaviruses that may affect residents of.
 

newly cleared jungle is extensive. 

Scrub Tyhus 

Scrub typhus (tsutsugamushi) is a rickettsial diseasa 

transmitted by larval chigger mites. It: is zoonotic in small 

rodents and typically affects persons in: newly cleared jungle 

or residing.-at the jungle edge. One notable Sri Lanka epidemic 

affected numbers of a British army division manoeuverin, in
 

1943, in the southern part of the island (Kalrz, 1947). After
 

four days in the jungle, 756 persons became ill with 05 percent 

having primary lesions. The disease had previously been recog

nized in Sri Lanka.. Leptotrombidium deliense is considered 

to be the local vector (Lewis and Killick-Kendrick, 1973), but
 

(Radford, 1946), in a more recent list of ectoparasitic
 

arthropods of Sri Lanka fails to list any.chiggers taken from 

.man (Senadhira, 1969). 

At present, Sri. Lanka lacks abi'lity to diagnose rick

ettsial diseases (including Q. fever). Considering the magnitude 

of the. mortality category "pyrexda of unknown. -igin", l'lca.l 

rickettsial expertise should be encouraged. Scrub typhus, 'as 

wll as one or another f. the tick-borne typhus infections, 

may well pose an important health hazard to man in- the region 

now being cleared of jungle by the Mahaveli Project.. ..'"Hyper

endemic foci (of scrub typhus) appear to have been encouraged 

more than anything. else by man's use of the land"(Andy, 1967). 

Sand fly-Borne Disease 

Kala azar (Visceral leishmaniasis) a severe chronic 

disease of.man, is enzootic in dogs in India. Infection is 
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transmitted in southern and eastern India by sandfliesp mainly
 

Phlebotomus argentipes and this vector species has been reported
 

fro, Sri Lanka (tewis and Killick-Retidrick, "1973). However, no
 

leishmaal infection has definitely been recognized in Sri
 

Lanka'. One case report of kala asar in an English girl who had
 

lived In Sri Lanka suggests that the disease may be present in
 

the country (Chapman, 1973). However, the girl may have acquired
 

infection while travelling elsewhere..
 

In any case, Asian leis maniasis differs from that of
 

Afican or the Amricaa in that it is zoonotic n the village
 

rather than in some sylvan or other feral focus.
 

Bed-Bugs
 

Bed-bugs are effectively controlled by applications
 

of residual insecticides so residents of houses sprayed for'
 

control of malaria rapidly benefit. Village interviews and
 

discussions with the personnel of the Anti-Malaria Campaign
 

indicate that the freedom from bed-bugs is invariably appre

ciated by local residents, thereby increasing their recepti

vity to spraying campaigns. In many cases the odor associated
 

with Malathion appears tolernted solely because of bed-bug
 

control while freedom from malaria is less easily appreciated.
 

In Sri Lanka, as in many parts of the world,, bed

bugs soon became resistant to DDT and there is now anecdotal
 

evidence that they are becoming resistant to malathion.
 

Public Health Inspectors in Trincomalee and Anuradhapura
 

Districts have recently reported to the Anti-Malaria Campaign
 

that loval residents have been to refuse spraying because
 

of bed-bug. annoyance in sprayed houses. The inspectors con

siderad this to be an important impediment to adequate 

malathion coverage of village. 

Several villages in both affected regions were
 

visited in order to evaluate this complaint. Houses in
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both-locali.ties apparently well.sprayed ware heavily infested
 

ith bed-bugs. Livi.n.hugs were abundant'-n. cracks'in walls
 

-thatwere heavily coated by sprayapplied one month earlier.
 

This apparent problem was widespread, and peboIi-had begun. to 

effectively remove malathion spray from ,.alls of houses as soon 
aS It was.applied. In reply to ouestions as to their motives 

.. . .... ..• -. ....- ;.. :: . . .. ". •.. .. . - . 
in removing this spray, they cited (1) possible toXic effects 

of the sray on small children; (2) the unsightly and odorous 

nature 'oCthe spray, and (3)an apparent increase in bed-bug
 

annoyance beginning about two weeks after each house had been 

sprayed. They- believed that the spray aggrava'ed the problem. 

This evidence of resistance is conjectural and must
 

be confirmed by laboratory study
 

Several villages were visited to the south of
 
Anuradhapura and Trincomalee and residents were questioned
 

about their reactions. to bed-bugs.. Residents of a village. 
near Kalawewa felt that the insecticide spray had recently
 

been changed because bed-bugs had begun to return. They
 

suggested that the spray even smelled differently. In con

trast villagers near Miripitiya and Elahera stated that bed
bugs were no longer a problem.
 

If bed-bugs resistance to malathion eXsts, it will 

spread and intensify if the present spray pattern continues. 

The effect,, therefore,,will be to reduce the effectiveness 

of the. spray campaign. 

Schistosomiasis (Bilharzias.s)
 

Schistosomiasis is not. a disease currentZly found in 
Sri Lanka, but it is.'a serious illness frequently associated. 

with large irrigatiomi projects in.Asia,.Africa, Middle East, 

and Latin America. 
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There are. four agentS of schdsto8oWiaais5 Schistosoma 

mS. 	 haematobium, S. Iaponicum, and S, intercalatum. S. 

in Africa, the Arabian peninsula and Latin America.,mansod- occurs 
several small

S, haematobium occurs in Africa. the Middle Fast and 
in Asie,. including the Phi•foci in -di. 

lippines, Thailand and China. S.. intercalatum is only found in 

parts of-West Africa. Transmission of ell of these agents de

ponds upon the release of eggs into water by the urine or feces 

-The eggs hatch in the water, and the liberof a mmalian body. 

suitable freshwater. snail host,. theated larvae uust then find a 


of snaiL varying with the specific agent.. Free-swiming
species 


larvae emerge from the suaiLL after several weeks, and. only. then
 

can they penetrate human skin and perpetuate the infection.
 

Government Hospitals 

•Asin any developed health-care system, Sri Lanka 
including 351 dispense-"
 

has-a hierarchical hospital strcture, 


ries, 84 rural hospitals, 110 distzict hospitals, nine provin

cial hospitals, and a network of specialized institutions, such
 

as. tuberculosis, leprosy, and mental hospitals. Health care,
 

are comparaincluding drugs,. is free;.. and personnel standards 


tively high:for the economic status of the country. The sys

as facili-.ten,. howver, has- become increasingly overextended 


to meat demand while, simultaneously,
ties have. expanded 

-- have migrahealth-care. personnel - especially physicians 


countries offering higher salaries. The. movement
ted: abroad, to 


particularly widespread,. and the
to the Middle East has become 


over. the past five years has reported
exodus. of physicians 


the number of nay physicians. being graequalled or 	exceeded 


the educational. institations of Sri Lanka. In
duated from 


addition to- limting the quality of available health care,
 

this situation has reportedly reduced the patience of remain

in the compilaiug physicians with the completion of forms used 


the other hand, has meant
tion of statistics. Free drugs, on 


cost so
that drugs can be prescribed without the constraint of 


reoccur,
patients can accumulate drugs for use when illnesses 

thus reducing visits to hospitals and the need to report fhe 

more frequently occurring diseases. 
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IMPACT ANALYSIS-


Health Pers ective 

In-broad health terms, the "state. of well-being" cau 

be expected to improve. If the Project'is completed as descri

bed,..agricultural production 'will -rise, .i comes will increase, 

nutricion' can improve, and an 1peus' wilt be provided for. 

coping with the myriad socioeconomic- problems of under develop

ment;. In a narrower sense, however, some preconditions for 

disease will .be increased. A large," heterogeneous population
 

will be assembled, bringing together human carriers for numerous
 

-infectious tropical diseases.. Physical ind social conditions
 

will be unsettled, resulting in improvisation and high health
 

risks. Populations will be exposed to previously isolated
 

disease factors now.existing in the scrub jungle.
 

Superimposed on the impaorte" and existing infectious 

diseases will be the hazards to health posed: by contemporary 

industrial agriculture. People-will receive an Increased ex

posure,to chemical pesticides, and runoff frown agricultural 

lands will"carry nutrients from the chemical fertilizers. 

Transportation facilities and industries linked to agriculture, 

such an processing plants, will involve occupational diseases 

and potentially hazardous environmental conditions. 

ProJ ections from Sstem H - Spread of'Water-Borne Diseases 

introduction .- Only one Irrigated settlemmt area, 

System H, has been developed and settled under the direction
 

of the Mahaweli Development Board. For this study, evidcace 

of the health status. of settlers in this area was obtained
 

from. two sources, personal observations and interviews by the 

study teem and analysis of statisticaL reports:
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Percy Silva, Jaya.- Perera, and .N. Wilson, 

Mahaweli Settlement imea H Socio-economicSurvey 

Yala 1977/Mahn 1977-19178: Statistical Abstract
 

(Colombos National Science Council, 1977-1978)
 

-The value of the latter was enhanced by a tour. of 

.the study area provided by Dr. Silva and some of his staff.
 

Village Health - From a total health viewpoint, 

the settlers can be described as rapidly dispersing along an 

extended socio-dconomic continuum, but the. gr6wing settler. 

is.marginally productive, appears malnourished, is poorly
 

housed, lacks safe water supplies or sanitary facilities,
 

and probably.experiences a pattern of diseases equivalent to
 

the pattern existing before resettlement but with.a higher
 

risk of epidemic due to higher settlement density. However,
 

health care appears readily available with modest barriers 

of cost;.. Quality could not be ascertained, but it seems to 

be considered satisfactory by the settlers. When asked, a 

small number replied that they preferred - funds permitting 

..the private practitioner to the government facility, because 

they considered the drugs to be stronger. 

Dfiarrhea. was not among the diseases registered by-

Dr. SIlva's survey, but fevers constituted by far the. largest 

category of registered illnesses. This was followed by Eains 

In. the bone Joints, stomach ailments-, and chest pains. 

Houses are generally temporary structures of wattle 

with straw or palm-leaf roofs, Most house holders. reported 

obtaining water. fro canals, and about 12 to 14 percent of 

the settlers succum Id. to the. convenience of building their 

shelter by their paddy fields, not on their hamlet allotments.
 

Very few houses. had latrine structures, but some had a pit.
 

Moat had been issued a latrine slab, but they ware rarely
 

installed. 
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While limited extens.'on and credit services have 

been provided to the settlers no advice, assistance or regu

lation of any type to assure the new village coarznities a 

supply of disease-free water was reported. 

Market Town -. dalwewa is being developed as pri
mazy administrative and comercial center for the new settle

ment area.. The Mahaeli Development 3oard has a field office 
here, and marketing, banking, and cooperative stores have 

been established.. A new hospital. is. being constructed, and. 

a goyernment dispensary is operating. 

A piped water supply hs. been-.installed.-" To main

tain presure, a. water tank has been placed-near' the twon 

center, Until early August 1979, a tank truck regularly 

pumped water from a nearby canal and carried.it to refill 

the tank in the center of the town. In August, a new town 

well went into operation consisting of a concrete' caisson 

about ten feet in diameter sunk into a marshy area adjacent* 

to a drainage canal.. Apparently to assure adequate seepage. 

into the well, a ditch had been dug from the canal to the well. 

The top of the wellwas open, and appeared to have collected 
refuse although fish were alive in the water. It should be
 

noted that the adjacent drainage canal, like others in the 

area, is used for washing pesticide applicator equipment, 
tractOTs, for bathing, washing clothes, watering livestock,. 

providing privacy for defecation, and a drinking water supply 

for many farmers and their families. 

The town's government dispensary is now provided 

with water from thii town well.. However, on days when the 

pump malfunctions the stored water. supply is exhausted, and

the dispensary ust close. This type of event was reportedly 

not rare. Morale at the dispensary was: lawpartly because 

housing had not yet been provided for the dispensary's staff. 
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AcTosS the yard from the dispensary a new hospital is 

under-construction. For disposal of all wastewater from.tha
 

hospital, a holding tank had been constructed at one end. The 

stated plan is to periodically pump wastewater from the holding 

tank into one of tank trucks and transport it for disposal into, 

presumably, a drainage canal. On the othii-BandTif the.. tank 

did not arrive at the hospital before the holding.tank
truck 

became filled, the hospital wastewater -- which is normally 

- wouldhighly contaminated with pathogenic and toxic materials 


overflow into a depression by the hosp.tal-entrance.
 

Summary of Systpm H Health Conditions Widespread 

and serious contamination of all water supplies serving the 

settlers of System H appears to exist. Settlers relying upon 

irrigation canals are ingesting and imersing in water that is 

presumably heavily cwataminated with human fecal material, ani

mal wastes, and high concentrations of chemical pesticides and 

various 'other organic substances.. Because of the projected 

handling of hospital wastewater, there may be direct aoutami

nation of. this water supply with the concentrations of the most 

pathogenic organisms that occur in the comzunity. 

The town of Galwewa is being supplied with water that, 

at worst, is the same as above. At best, the filtration effect 

of laminar seepage of water along the exterior wall of the 

caisson will filter part of the contamination, such as dysen

tary amoeba. However, the supply source is also vulnerable to 

direct contamination from the open caisson. Settlers digging 

Wells are exposed to fecal contaunation of water supplias 

becuse of the unsanitary construction of these walls, patti

cularly the lack of aprons or parapets, the vim of.dipping 

buckets, sad open tops. They are also a hazard to the safety
 

of children, adults, sad aniials.. 
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The widespread absence.of sanitary facilities, such
 

as latrines, increases the probability of water-supply conta

minetion and exposes the population to various water-borne
 

diseases and numerous infections, such as hookworms, associated 

with inadequate sanitation. Unless improved sanitary systems
 

and safe potable water supplies are provided in the Accelerated
 

Programne area, it is likely that water-borne disease problems
 

comparable to those which have arisen in System H, will occur. 

Impacts Related to Malaria
 

Changes in Mosquito Breeding Habitat -- The proposed 

development program provides the potential for diverting water
 

from. the major river basins,, thereby reducing flow in the river 

beds. If used insensitively, this.could increase potential 

breeding sites for A. culicifacieS. Seepage from irrigation
 

channels will increase breeding still more. 

Open sun-lit pools created by such seepage are pre

sently found in the Mahaweli Proj ect"area,. and some of the 

pools are known to contain Anopheles larvae. Related problems 

centor around irrigation channels near Kalawewa, eroded during 

the cyclone of 1978, creating numerous potential breeding sites. 

On the other hand, the system of water impoundments
 

now being constructed along the Mahaweli Canga, Amban Ganga 

and Madurau Oya also presents the opportunity for regulating 

flow L these water courses. The Ati-Malaria Campaign toge

ther with the Mahaweli Project have already conducted an 

important experiment in water-level management.. Water is 

periodically released from the.Polgolla Diversion Dam such 

that the bed of the lI,-haweli Ganga is flushed. Recent. ob

servations suggest that this flushing reduces larval A. 

culicifacies breeding in the river bed by about one-half for
 

a distance.oi up to ten miles downstream (Wickzamasinghe, un

published). The effect upon biting has not been evaluated.
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Further study is required and additional initiatives 

The. history of water-kevel fluctuationsshould be attempted. 

c refully analyzed and correlatedin the-Mahaweli should be 

with Malari;a related events.' It may be that some unexpected 

appear to be significcnt and this shouldpattern of flow will 

Two possible strategies of water-level managementbe analyzed.. 


should be considered: stream-bed flushing.or wafe-levl sta

bilization..
 

Effects of the Present Control Progil - Malaria 

cannot be considered incontrol in the Mahaweli Project area 

.isolation from that in the rest of Sri Lanka. Ultimately, 

portions- of 'at least two-thirds ofthe project will involve 

Malaria epidemics in adjacent surroundingthe countryt s area. 


regions will inevitably affect the project area.
 

The. present intensive campaign involves a calculated 

risk.. Malathion-reis tant-A. culicifacies and chloroquin

resistant P. a might become established in Sri Lanka
 

before P. faciparum could be eliminated, from the area and P.
 

levels. The original
vlvax permanently reduced to acceptable 

a time-limited campaignmalathion-based control plan called for 


of intensive insecticide and drug administration, followed
 

within- five years by complete withdrawal of residual 3praying
 

and. rou ine dru& administration. Withdrawal was to. have
 

but thia goal has not be reached.
begun during 1979, 

alathion and fenitrothion resistant A, culicifacies 

India, and drug resistant P. falciparumare already present in 
India.is. commcn in Southeast Asia and present in Eastern 


indicate that resistance problems'my
These circumstances 


spread to Sri Lanka, especially in view of the massive quan -.
 

titioe of agrochemicals now being used.
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Imacts of Malaria - Caused Morbidity - In. addition 

to the effects of malaria caused' mortality, morbidity due to 

malaria is an important impediment to economic progress in Sri.. 

Lanka. Each time a person suffers a malarial attack, he is 

incapacitated for'about three or four days, and this may occur 

three or four times each year. Since at least 700,000 people 

Uow suffer this pattern of disease, the general population is 

burdened by about ten million person-days lost to malaria each 

year. If half of the general population is gainfully employed, 

then. about five million person-days of' work would be lost each" 

year. Agricultural workers are a particular risk of economic 

loss since episodes of illness may coincide with some critical
 

period. of planting or harvest. 

The impact of malaria on health may also provide 

less apparent burdens. These include chronic anemia, immne 

complex nephrosis, and complications of chemotherapy. Thus, 

retinitis, active dermatitis and spontaneous abortion may be 

additional. chronic clinital manifestations. These decrease 
worker productivity and require expenditure for clinical 

ser-rices. 

Malaria Impacts in.System H - The recent sor.olo

gical study in System H of the Mahaeli Development Programe 

included Bn analysis of the behavior of rural people seeking 

curative medical services (Silva at al, 1977; 1978). 

Farmers were questioned each week about the health status. of 

their households afd, specificlly, regarding self-diagnosed 

malaria. These people considered malaria to be the most 

common disease of their families with an average of about 

five spisodes of' attack per family per year (Table 7-9). 

Only about four percent of the persous considered .to, have,.. 

malaria reported to the clinic n Kekirawa or to goveruent. 

malaria control representatives. During 46 of these episodes-. 

of malaria, the patient sought curative care and, of these, 

two-thirda (travelling on foot or by bicycle), went no fur

ter than five miles from home (Table 7-10). During a visit 
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.tothis region, local residents w.,re. questioned about their 

attitude toward malaria. Several responded that.ready avail' 

further travel unnecessary. In any
ability of drugs made 


they believed that local apothecaries supplied more
 case, 

potent drugs than did government institutions, so cure would 

be move rapid.
 

Since the start of the present intensive campaign, 

Sri Lanka has. increased 
consuUption of anti-malarial drugs in 


At present, the government alone
 
dramatically (Table.7-11). 


a "ean of two tablets per'yeai for-every resident
 is supplying 

of this drug supply is being


of malaious regions. Much 

of "VoluUn


in isolated counnities by a systeMdistributed 

other nonmedical com

are teachers orteers".. These school 


are not asked to report suspected malaria

munity leaders, who 

cases to the government., 

treatment for malariaThe standard non-institUtional 

(proven or presumed) in Sri, Lanka involves a five-day course
 

of oral chloroquin or canoquinr, and ambulatory patients are
 

given a supply of the. drug sufficient for the 
entire treat

" 

mant cnce malaria is diagnosed. Residents of various comoni 

and Trincomalee 
ties questioned near Axradhaputra,. Polonnaruwa 


stated that people rarely'took the entire five-day 
curse.
 

After two or three days of treatment, symptams. generally sub

side. The remainder of the drug' supply is reserved for pos-

Tims, malaria is now perceived as a minorsible future need. 


proble. that can he self -diagnosed and is. comonly self

events is likely to be repeated
Again, this series.oftreated. 

area.
in the Arcelerated Progra 

Imacts of Other Vector Diseases 

the inavailability'At present,, due toFilariasis-

of suitable breeding habitat, there seems little 
opportunity
 

for mosquito-carying filariasis to exploit the Mahaweli Pro

that such a population developed,
j ect region. In the event 
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eansinphilic lung would be an early manifestation of the pre

senca of active transmission. Stable foci of patient infec

tion would take decades to develop. 

Dengue Fever-. Hosquito vectors which transmit the 

Dengue virus breed iU small pools of stagnant water which are 

often formed in automobile tires, discarded containers, coco

nut husks, etc. At present, local residents tend to accumu

late used tires near their homes, and huge quantities of tires 

around Sri Lanka. Worn. tires appearare stored out-of-doors 

to be.valued, and are even transported by .bicycle in- rural 

areas. Tires will continue to accumulate, especially in. 

areas experiencing economic advance. Thus, residence of 

Mahaweli Programme areas may be exposed to increasing A. 

ae gnti popu.lations. Rainfall is a prerequisite io develop

ment of container-breeding mosquitoes, and the dry zone may 

not be conducive to this problem. Consequently, the potential 

for the spread of Dengue fever with the development of e 

proposed project is relatively high. 

chiklununya Virus, Scrub Typhus and Bed-Bu3 - All 

of these diseases may spread ,7ith the development of te = 

j ect area. Chikunruuya virus is prevalent in nearby Trinco

malee and scrub typhus often occurs in newly cleared areas. 

Similarly, a spread of bed-bugs would be anticipated with the 

large number of settlements planned. 

Schistosomiasis - Schistosomiasis is not presently 

found in Sri Lanka. However, widespread concern exists 0Mong
 

authorities in Sri Lanka. that an infected Sri Lankan migrant 

to the middle East could return to Mahaveli irrigation areas 

and contaminate the water, It is not. clear that a suitable 

snail host for either S. mansoni or S. haematobium exists in 

Sri Lanka. There is the further concern that suitable snails 

may possibly.be imported, for example, in a shipment of fish,
 

produce, etc. However, even if snails suitable for S.
 

j aponicum were brought from elsewhere in Asia, it is likely 
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they would be of the genus Oncomelania; but S. manacni requires 

the geua Biomphalaria and S. haematobium, the genus Bulinus. 

Consequently, the spread of Schistosomiiasis is.not expected
 

to occur as a result. of project implementation. 

Encephaliti.3 and Leishmaniasis - The spread of 

encephalitis following project implementation. can. only be 

speculative.. It is not likely that the project development 

would affect transMisZ-2 of leisbmaniasis. 

REZO)MDED ACTIONS. 

General Design
 

There.are no inherent and uncontrollable threats to
 

health posed by the Mahaeli Development Programnea plans for
 

Systems A-D that cannot be controlled, by "judi ious planning, 

alert surveillnce, and rapid responses to initial infections. 

The proposed project will offer an opportunity to a large popu

lation for increasing incomes, raising nutrition, financing 

improved health care. expanding educational opportunities,'and
 

in general enhancing the overallvwell-being of the population, 

which is the essence of health. 

There are, however, vulnerable aspects to the
 

Drogr8m. A large population from all regions of Si. Lanka will 

be assembled as the jungle is cleared. These people wil 

bring soma regional infections and will lack iumnity to 

others. They will Initially live in physically and socially 

unsettled condition;"increasing health risks. The- threat to 

health is further intensified by the focus of diseases, as

pecially alariat but including tetanus, typhus, and gstro

enteritia diseases, known'-to be ndemic In the System areas. 
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Speclfic"Pr.blems
 

From the proposed lens for Systems ,.-D the"" and 

demonstrated implementation of' plans in System H,, three 

health related issues must be resolved. Failure to cope with. 

these will produce large health care costs, cause serious 

production losses*•andr possibly, precipitate unnecessary
 

economic and social stress. 

Water Supply - Statistics and field surveys indi

cated that disease attributable to contaminated water suppli-es 

are grossly excessive straining the HeAIth-care..del.ivery sys

tem, suppressing productivity, and decreasing human morale. 

Inadequate sanitation measures and substandard housing to a 

lesser degree, also represents a thrsat. 

Malaria Control - Investigation of the current
 

malaria control program in terms of its future effectiveness
 

to control malaria in the Mahaweli *Program areas suggests: 

- Malaria incidence is Uot being reliably regis

tered by indicator instituti-s and, thus, the 

malaria statistis no longer reflect true nci

dence 

-. ULs of probably bed-bug and, possibly, 

mosquito resistance to malathion insecticide 

are already appearing. In the absence of an
 

active monitoring program to measure it, the
 

probability of resistance early in Mahaveli
 

Programme operation.M st be assumed.
 

Self-diagnosis and imense distribution of malaria
 

drugs raises the possibility of eventual malarial
 

resistance to drugs.
 

In the absence of sufficient raisic ecological and
 
.tramiasion knowledge about malaria in Sri Lanka,
 

a long-term, efficient and effective malaria con

tol program to protect the viability of the Maha.

weli :Progrm. cannot be designed and implemented. 
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- Total health care servicesHealth Care Services 
and econo

in System H appear consistent with the vital needs 

mic resources in the aiea, particularly if case loads could 

mich as 50 percent 
be reduced - perhaps eventually by as 

an "early waxning" system
by safe water supplies. However, 

the monitoring of health
for identifying exotic diseases and 

care facility availability may be necessary. 

Water Supl 

PotableWater Supply - Every sfttler, lncluding 

those in commercial-government centers, should be assured a.
 

to settlement.
reliable and safe water supply in place prior 

0.2 hectare lots,
Since most settlements will be dispersed 	 over 


is assumed to be

the cost of.piped water outside of 	 towns 


tzeatment plants maximize

prohibitive. NumerCus small, water 


Thus, wells appear to be logiand risks.operational. costs 


cal. solution for. most situations..
 

bed rock As close to the surface andIn areas where 

the height of the dry season,
shallow wells may become dry in 

apparently is considering deep wells
the. Water Resources Board 


the rock zone, an enormously costly solution, in
penetrating 

a. few deep wells (low risk, .high
btiad of a mixed solution of 


(high risk, low cost). In areas
 
.. ostYand many shallow wells 

stable clay soils, for eIsle,
with relatively homogeneous, 


could easily be provided with-inexpensive hand

coMUities 


the only capital cost

aUgers for bored shallow wells. Thus, 

the hand pump unit,and strainer. point,would be the well pip.e 


base plata or.vell cover.
and some type of 

Sanitary Waste Disposal - Every village house and 

with sanitary facilitiesbe providedcommercial facility should 


Assuring a sanitary facility
for disposal of human wastes.' 


raquires more thatn simply providing a villager, who has pro

bably never used a latrine,, with a floor 	plate. There must be 

that the latrine pit is dug and tie some action to assure 


a water seal prior to occupancy.
plate in installed with 
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Hou sing 

Every settler should be provided with the basis for
 

clean, safe, and rationally located housing. This does not 

mean that a house should be provided, but it does mean that.a 

substantial beginning for a high-standard house should be in 

place when the settler arrives. This could, for examplei mean 

a concrete floor slab or even a house shell. Whatever the 

provision, however, materials with appropriate credit for
 

completing the house construction should be made available to 

settlers at the lowest.possible cost with proper supervision 

to point of cowpletion. 

Malaria Control 

Spraying - To retain the viability of malathion 

insecticide for future malaria control in the Mhhaweli Develop

ment 2rodrfa areas, a special panel should be convened im

mediately to:
 

- Review the spraying procedures and policies; and 

Plan a malaria control program. focusing '

but not being restricted to the Mahaweli areas. 

Research Nceds - An in-depth malaria research pro

gram linked to a new surveillance eff6rt should be organized

adequately equipped, nd given the inatitation4 support- to 

undertake long-term, problem-oriented projcts. 

The lack of even basic knowledge of malaria ecology, 

including transmission, has handicapped the development of 

bilanced, long-term control strategies. Vectors other. than 

clicifaces,uA. especially in jungle areas are unknown. If 

anothoe vector, such as A. elegans, is identified, control 

technique based on breeding pattern mst be designed. The 

correlation between seasonal water'levels in major streams and 

A. culicifaces populations needs to be determined. The natural 
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and their relativeAn culicifaces
parasites and predators of 

should be investigated.
under different conditionseffectiveness 

of A.effectiveness,the. tranimilsionThe longevity, therefore 
pattern .Senetically

and the long-term responseCulicifaces -insectici, ; S also needs 
with exposure to different chemical 

ulkh appropriateonly be undertakenThese studies canstudy. 

and reward system$.


manpower,. facilities, 

o n con i s si should be 
- A specialFlow Reglation 

to commit resourc.es and arbitrata conflicts in 
.designated 

release"progr=ml, : nc':.zding the possible need, 
future, water 

the Mahauot affected byon tributariesfor new structures 


to control the breeding of A.
 
well Development Progrc~e, 

oulicif aces. 

the Mahaveli Development ProwhenIn future years 

water control in river beds may be the 
gram . is- operating, 


to prevent the recurrence of malaria epi
logicaL technique 


in A. culicif aces populations.

rapid inczeasesdemics due to 

months may conflict 
water released during summerHowever, 

Also, optimum control 
with water demands for irrigation. 

not planned for develop
may require releases on other streems 


have to be.
structures mayspecialpupoSe.ment. ThUs, some-

cons tructed. 

Health Services
 

of Health submitted A 
In Narch 1979,-.the Ministry 

and Accelerated 
Proposal for Health Services in the C,erational 

the Mahaeli Developmat Board. 
Mahaweli Development- Areas to 

a number of re-
Existing health conditions- were reviewed, and 

made. General 
s,. both general and specific, were 

.gunmndatiou 

includad:
reccmmendations 

of settlingto the possibilityPriority attention 
on. the allocated

the farmers in permanent. houses 

settlement areas; 
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- ProvisioU of safe and adequate water supplies; 

- Promotion of enviromental sanitatiou aud en

vironmental protection; 

- Pre-settlement medical screening of settlers, 

Setting up of a Health Monitoring System at 

hamlet level; 

Setting up a very sensitive Malaria Surveillance 

System; 
Priority assignment of health staff to the 

development areas and the provision of nonmonetary 

incentives; 

- Utilization of volunteer health workers; 

-. Performance .of specified curative functions by 

field staff; 

- Improvement of the health management system; 
-- Improved contact between preventive and curative 

staff; and 

'Adoption of a simplified reporting system. 

Specific recommendations concentrated on health care
 

services and facilities:
 

A Midwife and two or three volunteer health.vorkers 

recruited from among the settlers serving every 

five hamlets or 3000 population; 

A Central Dispensary serving every five villages
 
or 15,000 population;
 

A Peripheral Unit with 48 beds, clinic room, and
 

ambulance;
 

- A District Hospital with 90 beda-,..mbulance, and 

jeep;
 

- Referal facilities; and 

Special facilities, including six Ayurvedic Dis
pensaries and one Ayurvedic Hospital with 120 beds. 

In addition, the Proposal identified six "Priority 
Health Interventions and Targets" considered most necessary 

for the Mahaeli Development area: 
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- Provision of adequate see water; 

- Imunization of infants; 

Provision of latrines; 

- Health education; 

- Spraying of dwellings with insecticides; 

- Early detection and treatment of veneral 

diseasea... 

Special attention is given thxoughout' -the Proposal to the poten

tial problem related to malaria as the develcpment proceeds.
 

At present, clearly formulated'pbicies regarding the
 

provision of health care services, especially potable water 

supplies, suitable waste disposal system and adequate housing, 

have not been prooulgated by the Mizistzy of Mahaweli Development 

Scheme. It is recommended that
for the Accelerated Program . 

the plans presented above including the proposals of the 

Ministry of Health, be incorporated into overall settlement 

planning for the project area. 
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Table 7-1
 

Reproductive State of A. culicifacies Collected in.
 
Human Habitations in Sri Lanka During 1971 - 72
 

Cndi-tion of No. of 
DDT on Walls Mosqui-toes Percent 

Bloodied Semi-Gravid Gravid 

Newly applied 2013 78.5 14.0 7.5 
Overdue for spraying 664 56.5 19..7 23.8 

Table 7-2 

Sou-rce of Blood Found in Midgu.ts of Engorged A. culicifacies
 
Cap-tured in Human Habitations in 28 Localitic in Sri Lanka 

Ver-tebrate No. Diagnosed by No.o~f
 
Host Prescription Test Total
 

Man 420 49..5
 
Bovid 30.2 35. 6
 
Dog 	 101 1.19
 
Pig 	 1 U. 
Sheep/Gogt' 4 	 0.'5
Unidentified 
manr., 18 	 2.-I 
aic'r 	 .2 0..2 

"Total 	 848 -

Table 7i--3
 

Age and Sex Distribution of Persons
 
Infected 	with Malaria During 1978 

-Sex 	 Years No' Percent of 
of Age iiected Total Infected 

Male - .41635 59.7 
"Female - 28050 .40.3 

- 0-1 646 0.9 
- 1-5 7020 10.1 

645 15313 22.U 
- 15+ 46706 67.0 
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Table 7-6
 

Mortality of A!ult A.' culi' ifaclsee 
Exposedi..... a,U . . J f-


Year 	 No. of No. of Corn- No. . cul-- Percent 
Tests plete Kil!s Mortal*!ty 

1962 5 3 360 99.4
 
1966 2 1 149 98.0
 
.1968 5 0 387 69..'7
 
.1969 8 0 468 .44.0
 
1970 13 0 777 .40,1
 
197.1 5 0 .233 	 30.3 
197.2 14 0 484 3.6 8
 
1973 5 0 286 47°.2
 
1976 3 0 .46'7 36,5
 
1977 7 0 641 32,3
 
19'78 9 0 446 41. 0
 

Table 7-.5 

Insecticides that Killed Al 
A. culcifacies Tested in 1978 
within 1 day After Exposure 

Insecticide Concentration 	 Hours of No. loj.ali- No. Mos
expoaure ties qui-toes 

Halathlon 5% 1 15 	 416 

Dieldrin 0.4 14 	 203 

Fenitothion 1.0 	 4 150 
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Table 7-6
 

Amount of Insecticide Consumed
 
by AMti-Malaria Opbratios. 

(in pounds)
 

Year DDT BHC Malathion 'Fenithra-

thion 

1964 96,.539,
 

1965 213,981
 

1966 232,879 .
 

1967 998,698 76,626
 

1968 2,688,178 ....
 

1969 2,394,371
 
1970 2,180,841 
 " 325,564 

1971 887.,960 
" 168,.173 


1972 1,814,119 
 42,88.2 
1973 2,266,740 
 " 172,031
 
1974 2,.223,095 
 " 121,842
 
1975 1,699,276 " 1,010,694 

1976 696,349 " 1,890,471
 
1977  " 2,639,593 2,984 

1978 -' 4,540,262 10,608 

1979 


1980 1980 

1981 

(1) Pounds of malathion anticipated in 1977 (Sri Lanka/WHO 

Anticipated
 
Mala.th on 
Require
ments (I) 

7,500,000
 

7,500,000 

5,000,000 

3,000,000vOv0
 

2,000,000 

Agreement) 
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Table 7-7 

Bioassay'Mortality of Various AnopheLes spp 
Held 1 Day After h Hour Exposure to and 
Surfaces Sprayed with 2g Malathion/m 2(1978) 

Days After Mosquitoes Eposed 
Spraying No. % dead 

.1 - 30 859 78.5
 

31- 60 
 880 .54.3 
61- 90 120 77..5 
91 .- 120 70 .35.7 

Table 7-8 

Prevalence of Microf:ilaria-Infected Residents 
of the Southwestern Coast of Sri Lanka 

Diagnosed by
Mebrane Filtration Thick Blood Film (3)

'Residence No, tested 7mi cro- No. tested 7. micro
filaremic 'f-Iaremic 

Peliyagoda . 248 12.5 294 .4,.8 
Maligawatta 200 7.5 .257 .4.7 
Kandana 106 1115.7 0.9 
Totals 554 9.4 66.2 .4.0 
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Table 7-9 

Frequency of Self-Diagnosed Malaria in Several 
Rural Co=wnitiels Near Kaidrawa azd Feque -
C:? of reportine to Goverent Institulons 

No. Families No. Malaria Episodes 
Harvest 
period 

Total 
ques.-
.tioned 

-Reporting 
illness 

Reporting 
malaria 

Total recorded Reported to 
by families Government 

ins ti tutions 

Yala .1977 .218 .204 :175 788 26 
Maha 1977 

.- 78 .128 118 35 47 7 
Totals 346 322 .210 835 33 

Source: Silva et al
 

Table 7-10
 

Distance Travelled by Self-Diagnosed
 
Patients Seeking Treatment for M-lazia 

PercentMiles Travelled Patients.No. of Total 

0- 1J2 26 

.- 1 
 24 
2 -3 6 .13 
3 .- 4 .1 .2 
4,- S 1 .2 

.5+ 15 37
 
Total 
 46 -

Source: Silva et al 

7.- 45
 

'rV 



Table 7-11 

Issue of Anti-Malarial Drugs 
by the Anti-Malaria Campaign 

Year Camoquin 

No Tab 

Chloroquine Primaquin 
Choroquine 

Daraprin Injections 

1976 

1977 

1.978 

9,513,000 

16,744,000 

11,.2'5,831 

7,359,000 

540,000 

730,000 

10,406,110 

20,.335,000 

7,942,000 

1,084.,000 

985,000 

178.,200 

-4,205 

.2.,505 

2,930 
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CHAPTER 8
 

SOCIAL SCIENCE 

ITRODUCTXON 

This chapter constitutes a preliminary effort to identify the 
major social impacts of the Accelerated Program of the Mahaweli Develop

ment. 

One of the primary, objectives of the Accelerated Program is
 
social: to alleviate problems of landlessness and unemployment in Sri
 
Lanka by providing plots to small holders on previously underutilized
 
lands, which are either currently uncultivated for lack of sufficient 
water or are under chena cultivation. 

If successful, the project will provide higher incomes and
 
.improved. standards of living to the villagers currently living in
 
the"area. It will provide viable employment to the farmer settlers 
who are selected to settle the newly opened areas. 
 After a number
 
Of years, the settlements will become viable communities 
 which are
 
pleasant to live 1r, and which are self-sustaining and autonomous.
 
In addUtion, they will provide employment for shop-keepers, teachers,
 
wholesalers, professionals and a range of occupations, necessary for
 

the creation of integrated agricultural communities. 

Largely in order to achieve the social objectives of increas

ed employment opportunities for landless and poor, the decision has 
been made to limit the size of farm plots to one hectare. It has 
been estimated that this size plot can be farmed with family labor,., 
by a settler family. Therefore, these small plots will provide 
independent employment for a larger number of settlers. 
In addition, 
it is assumed that the other primary objective, agricultural product

ivity, will be achieved by insuring the £irte%&iv4_cutivation of 

one hectare plots. 

The social goals of the project, if achieved, constitute 
important positive social impacts. If they are not achieved, the 
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the cost to settlers of r'.lccatingnegative social impacts. will include 

and abandonment of land. In this assessment it is necessary to con

social likely In addition,sider .--wether the goals. are to be achieved. 

it is necessary to consider-whither there. will be unanticipated social 

effects which will need 'mitigative solutions. 

EXISTflG CONDITINS 

There are two distinct populations which will be most affected 

by the Accelerated Mahaweli Program. These are the people.currently 

living in the.project area and the settlers from outside who will be 

recruited into the area. 

Orrent Residents 

The Project Arew is: currently- sparsely populated., Most of- the 

land. is state owned. and cannot be alienated, to private ownership except 

by government decree;, There are- traditional dry zone purana villages 

in the project, area. - Typically, these farming villages rely on two 

types, of..crops i) a rice. crop produced below the village. tank;. and 

2) upland. crops relying on chena cultivaion. They also rely on fruits. 
* -and vegetables cultivated or the. homestead plot. 

The..distinctive feature of these villages are their self

- sufficiency, their reliance on subsistence agriculture, and their rela

tive isolation including, in some cases, inter-marriage among them

selves. Villagers are considered to have legitimate title to these 

tzaditional village lands. 

New: villages in the area are of t-,o principal types. There 

are residents of government or private company settlement schemes and 

new residents holding illegal titla to land. These latter residents 

are considered encroachers, and their status remains to be decided in 

the Mahaweli Development Program. 

As settlement planning proceeds for each of. the designated
 

systems, the Settlement Planning and Development Division has carried 
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out socio-economic surveys of the systems. The surveys of Systems B
 

and C are now complete, and the information which follows is based on
 
these two surveys. (Mahaweli Development Board, Settlement Planning
 
and Development Division 1979a, 1979b).
 

System C 

Syst~m C contains a southern portion, roughly south of Alutt
arama, which consists of developed agriculture including three develop
ment-c'oloniz'ation schere., ne'ar th1e Sorabora, Mapakada and Dambarawa
 
Tanks. The population of this area was enumerated at 23,340 in 1979.
 
This--area is considered already developed and not open to settlement
 
and development under the Mahaweli Development Program. Itwill, how
ever, benefit from the additional water supply provided by the project.
 

North of this zon-., in Badulla District, there is sparce
 
popu ltton-totaling- 5', 197'. Thts'pbpizIatin inicludes some purana
 
villages: Giranduru Kotte, Hebarawa and Aluththarama. It also includes
 
the renmants of a Department of Agriculture and Land Commissioner's.
 

Department Youth Colonization scheme. The Ceylon Tobacco Company has
 
develoned a colony with intensive paddy cultivation. In 1966 the
 
government allocated large extents of land in this for agricularea 


ture to the private sector. These leases have since beem withdrawn;
 

the land is currently cleared but not cultivated. A number of new
 
villages exist, made up of recent encroachers. Some are on lands
 
which were earlier part of special leases. The number of encroachers
 
is highest in this area.
 

The total population of the remainder of System C was enu
merated at 1,239. The northern section is covered with jungle and
 
contains the purana villages of Yakkure, Kalukelewa and Ellawewa.
 
The central portion contains the purana village of Lamaniyawela. The
 
only important settlement in the area comprises about 70 families
 
below the Henanigala Tank.
 

A large proportion of land currently occupied is occupied by
 
encroachers. Private ownership accounts for 39 hectares of paddy
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privately owned paddy
and 21 hectares of upland. The largest unit of 

ownership include
land is 8 hectares. Other 4legitimate' ' . ! - ' forms of Land 

out under the Land Devel iment Ordinance (LDO) and Annual
lands. given 

•Permit for. thh cultivation of paddy and subsidiary food crops. See 

Table 8-4.-. 

Table 8-I 

Land ownership - System C.. 
(in' hsctares) 

Paddy Land Upland 

39 21Private 	Land 
130 171LDO Lnds. 
132 85AnuaL Permt 

706mcocme~s-3L9 

Sou ce. 	MDB,. Settlement Ptanning and. Developmemt 
.iUvision 19,79b 

The gopulatiom of System.C. is made up. almost entirely"of 

68 percen. of the house-S13ha1sa.- Acoding, to reported income,. 


holds, earned belm Rs.3,600 per year..
 

Sb's tern B 

large number ot Purana villagers-. Kara.System. 	R contains a 

pola, -Muitgala, Ktawanwila, Alinchepatana,, Soruwila, Alavakumbura, 

Akkuranai, Pettanai Kallichchai andManampitiyar Dammuinna Vilayaya, 
the survey. The

Maduangani were identified as purana villages by 

in System B than in System C.
ethnic group balanca is more diverse 

Some Purana villages are inhabited by Tamils. Two muslim villages 

are to Purana villagers.in
(Aienchipatana and Katawanwila) similar 

to report there are four original
their isolation. According this 

Dalukana, Ellewewa and Murutanai, but all
Vedda villages: Millana, 


f.our have lost their original cthracter.
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There are two major 6olonization schemes in System B. The 
Pimburrattewa colonization scheme was completed in 1976, comprising
 

i,460 far-Ilies with 1.2 hectares of-paddy and 0.8 hectare..of upland 

each. A smaller scheme at Wadumanai was sc-ttled with 126 families.
 

This latter scheme has not been entirely successful and many of the 
settlers have returned to their original villages.
 

Four other planned con~unities exist ii,System B. Three 
livestock farms at Trincomade, Kandakadu and Walikanda are located in 
the northern part. Two Kenoff farms have been opened at Welikanda 

and Punani by the'Sri Lanka Cashew Corporation and the National Ppper 

Mill Corporation. 

The number of encroachers is large and growing. New
 
villages, such.-as Kumarapura, Suoryodi and Pullegardi,. have been
 
established along the P6 1ormanuwa-Baticaloa highway. Encroachers
 
have moved into the Pimburattewa Irrigation Scheme. In 
some cases
 
the tenancy status is unclear. Under the food production campaign
 

in 1973-77 lands under small tanks in Polonnaruwa District were
 

allocated, but annual leases were never distributed. Many of these 
lands have since been abandoned.
 

In Batticaloa District,. settlers left the tea and rubber
 
plantations after comiunal disturbances in 1977 and settled at Mulli

watawan, Punchi-Kataragama and Myllantanni.. 
 Some of these settlers
 

claim that they followed an announcement of new land availability in
 
the local newspapers. Some c,.the settlers stated that they were
 
settled by the Batticaloa Rotary Club and provided development assis

tance by them.
 

The total population of System B was enumerated at 25,515 at
 
the time of the survey. This includes 6,760 residents of the Pimbu
rettawa maj or colonization scheme. The Sinhala population account
 
for 64.5 percent of this total, followed by 25.5 percent Tamil and
 

eight percent Muslim. In general, the Sinhala population tends to
 
be prevalent in the western portion, or Folonnaruwa District, while
 

the Tamil c'opulation predominates in the eastern portion, or Batticaloa
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district. The portion of Batticaloa district which comes within 

System 3 is eparsely populated, mainly because of the Maduru Oya 

floods. However, in the villages adjoining System B, there is a 

dense population.. 

The number of legitimate landbwners living in the area is 

1,148 (excluding settlers of Pimburettawa). Of these, only 126 own 

more than two hectares, and all but eight percent own more than 0.2 

hectare.. The number of encroachers was enumerated at 2,736, of
 

which 26 percent have arrived since 1976. There are also a sizable
 

number of absentee landowner.; official sources list 2,285 people
 

living outside System B with allotments over 2 hectares, under LDO 

permits. and leases under the Crown Lands Ordinance. 

According to reported income, over 51 percent of the families 

in the are earn less- than Rs.3,000 per year. Another 25.8 percent 

earm.between Rs,3,000 and 6,000 per year. The average family size 

is 4.8,. 

New Residents 

New r-sidents to the Accelerated Program area will include 

settlers, together with project management, professionals, shop 

keeners, agricultural laborers, craftsmen, merchants, construction 

workers and others. The new settlers will be selected according 

to criteria currently being developed by the Mahaweli Development 

Authority,- many will probably be resettled from areas flooded by the 

Victoria and Kotmale reservoirs. 

landEstimates of the number of new settlers is based upon 

use plans. Principally, the method involves estimating the amount 

of irrigable land which will be available in the system, and assum

ing one settler family for each hectare of irrigable land. 

The estimated number of new farm families which will be 

settled in System C is 20,390 (Ministry of 14ahaweli Development 

Hunting Technical Services, 1979, Q59 ). With five persons per family
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this represents an influx of 101,950 people by 1985.
 

The estimated number of new settler families to be settled
 

in System B is 31,660, or using five persons per family, 158,300
 

people. To these figures should be added an additional 20 percent 

or 10,410 families (52,050 people) for both systems representing the 

non-farm population which will be drawn thereto. (Mlinistry of Maha

weli Development, Acres International,.1979). 

The estimates for the entire Mahaweli Accelerated Program are 

currently 140,000 new settler families, and including other service 

staff, about a million people. (Fernando, 1979). 

In selection of settlers for the accelerated program area,
 

it is assumed that priority will be given to residents of Te.ldenkya. 

town and Kotmale, areas which will be inundated by the Victoria and 

Kotmale reservoirs. Special priority may also be given to families
 

among second generation s&dtlers if - ydfsiit.o 

The general criteria for selection will follow those current

ly in use by the Mahaweli Development Board in System H. These are 

based c-. c point system taking into account age, size of family, 

tenurial status, occupation, health, cultivation practices, member

shin in villae organizations and possession of other non-farm skills. 

In general, the objective is to select, among the small 

farmers or landless, people who show agricultural and cooperative 

skills, in other words, people who will make successful settlers. 

Settlement authorities have recently become aware of the need 

to actively plan for the arrival of non agricultural families. 

Currently, in System H, non agricultural families wisning to open 

shops or small factories in the project area may apply for an up

land allotment. In the Accelerated Program area these new residents 

may be selected according to a system of criteria, on the model of 

the criteria for farming populations. 
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rrofessionals in the fields of health and education will be
 

recrui.ted through the normal process of national recruitment.
 

SOCIAL IMACTS 

The -rinciple social impact.s, which have been identified by
 

current reports, sociological studies, and interviews with project
 

officials, are outlined below. Areas-were identified which look,
 

at this time, most problematic since these are the areas in which
 

some. kind of actiorr begun now- can have the most effect. This does 

not imply that all social effects of the project are problem areas.
 

As stated in the introduction, the impacts are of two principle
 

types: 1) those which, if not overcome, will threaten the achievement
 

of the social objectives of the.Mahaweli Program; and 2) those which
 

are by-products of the achievement of those objectives.
 

Financial Viability of the Settler Family Unit 

The_ most serious unresolved issue is whether or not settler 

familie3.installed on one hectare plots will be able to become
 

economically self-sustaining. 

It is generally known that in most colonization schemes, 

including System H,. there is a tendency for many small farmers to go 

into debt, to mortgage their land, and to, in effect, become share 

croppers on their own allotments. This is illegal within the con

text of the Mahaweli Programbut its illegality does not prevent it 

from happenning, although it does seriously impede investigations to 

determine its extent and consequences. (MDB Settlement ilanning and 

Development Division 1979b, p 8; Ministry of Mahaweli Development, 

Japan International Cooperation Agency 1979; Ministry of Mahaweli
 

Development, Hunting Technical Services, 1979).
 

The estimates that a one hectare plot can provide an income 

for a family using labor is based upon theoretically determined house

hold budgets. (Ministry of Mahaweli Development, Hunting Technical 

Services, 1979, Vol. Agronomy). The issue of concern here is what 

8-8
 



actually happens- to the family units which will be settled in the
 

Mahawe-I Program. What proportion will give up their land legally
 

or illegally, and what proportion will eventually drop out of the
 

system. This question seems crucial for the success or failure of 

the whole project; however, it is felt that insufficient information 

is available on what has happened in past schemes and insufficient
 

monitoring is being provided for the present scheme.
 

The most serious effects which could occur if large numbers
 

of settlers are unable to survive financially are 

- abandonment of lands; 

- unproductive farming systems based on absentee owner" 

ship and share cropping arrangements; 

-:failure to achieve project' goals of enhancing the 

well being and agricultural capacities of the fazmer 

settlers; and 

- inability of the legal system to regulate claims since 

the terminal status is illegal. 

Provision of Basic Infrastructure 

One of the major impacts which can be foreseen is disillu

sionment and stress in the first phase of settlement if basiz social 

infrastructure is not in place at the time the settlers arrive.
 

Speeding up the rate of implementation increases the pro

bability thac basic infrastructure and settler preparation will not 

be available at the time that settlers arrive. 

According to current resettlement procedures, families are
 

brought to the site and housed in large buildings while they build
 

their own houses on the assigned homestead plots. For the acceler

ated program the sche-dule includes brinoiing in potential male 

settlers to serve as a labor force for construction of canals and 

bunds with families to follow at the time of actual settlement. 
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There is considerable debate over how many services need to
 

A minimal list should
be available at the time settlers arrive. 


inclUde: schools, roads, community centres, a source of drinking
 

water, a shop where food and bare necessities can be purchased,
 

minimal health services, a malaria spraying facility, latrines, means
 

transport within and out of the area, and adequate orientation and
of 


information to new settlers.
 

Failure to provide for the basic immediate needs of settlers
 

will result in low morale, lack of trust in project management, and
 

an increased rate of settlement failure.
 

rormation of Cohesive Cormmnities 

Past experience with settlement communities has produced 

situations in which settlers remain isolated and fail, to develop a 

the project.sense of a community even after years of living in 

Examples include neighbours who do not know each other and lack of
 

water is over-utilized, and people 

trast to leave home plots unattended. A related phenomen is failure 

to cooperate on irrigation facilities. Gates are frequently broken, 

at the tail end of the turnout 

get inadequate water. 

The primary impact, if this situation is permitted to develop 

in the accelerated program area, will be a deterioration in quality 

of life, and a withdrawal from community participation. When settlers 

fail to participate in the decisions of the project, they revert to 

a situation of dependency on project management. This is frequently 

accompanied..by-resentment of management for not providing for all
 

their needs.. 

Attraction and Provision for NonFarminngActivities 

While 80 percent of the current inhabitants of the Mahaweli 

area are engaged in agricultural pursuits, the future population 

should have a large proportior'.f the population engaged in trade and 
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industry. If the development objectives 
are to be met, then the
 
farming populations in the resettled zones will become involved in
 
commercial farming. 
 This cannot occur without expansion of the
 
trade sector and possibly the processing industry in the area.
 
This will require a sizeable influx of non-farming families and 
ins ti tu tions. 

Recently, plans have been formulated to set aside highland
 

homeland allotments for non-agricultural families and for workers.
 

.Failure to adequately attract and stimulate non-agricultural
 

activity in. the project willzone result in reversion to subsistence 

agriculture. 

The effect of the influx of this population on the farming
 
population needs also to be considered. Will farmers be able to
 
sell their land and go into trade or rent land and go into trade?
 
Will there be reztriction on the size of industries, as there is on
 
the size of farms?
 

Roles of Women
 

3ecause the program is based upon the social unit of settler
 
families, recent attention has been given to the importce of the wife 
in making the settlement successful. Based on this understanding, the 
wife's characteristics are now being considered as part of the selection
 
criteria for settler applicants. The wife, however., isnot recognized
 
as a joint owner of settlement plots, although she can inherit under
 
certain conditions.
 

Some past studies have several effects of settlement
 
experience on women. They become relatively more isolated tfran they
 
were in previous villages, because the women's community is smaller
 
and less cohesive. They have more responsibilities, and, because
 
there are fewer people to take care of children, they lose some
 
mobility. 
 They may work harder than previously in the fields. They
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(Lund. 1978).tend to take responsibiity for 	 the garden plots. 

Farm Labor 

assumption thatEstimates for size of plot are based on the 

farm labor will be supplied by the settler and his family. In real

appear be farm labor organized.ity, this does not to the way is 

almost all rice farmers employ outsideRather, even on small plots, 

labor. A study in System H revealed that only six percent of all 

alone. Outsidefarmers cultivated their lands 	with family labor 

during sowing and harvesting when mostlabor was especially necessary 

were hired for wages plus food and sometimes lodging (Man and 
persons 

the Biosphere Vrogramme, 1978). Project managers in the existing 

shortage of
Pimburettewa scheme in System B have already noticed a 


area..hired agricultural labor in 	 that 

This raises the issue of the project responsibility for hired
 

laborers drawn to the project by settlement.. May they also, for 

example, be applicants for land in new settlement schemes? 

Planning for Special Caes 

General settlement policies 	are meant to be equitable to all.
 

It is difficult to take into consideration, during the formulation of 

these policies, all of the special and individual cases. 

The current policy with respect to persons living in the
 

project area is that families will be compensated for their lands by
 

provision of one hectare of 	 irrigated land under the new system.
 

hectare will be paid compensation.
Those who own more than one 

cases which have been identifiedThe following represent 


and for which special planning may be necessary.
 

EncroachC3rs - According to government policy some encroach

ers will be eligible for selection to be resettled. Some provision 
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will have to be made for those not silected.
 

Not-aricultural La~or Force 
- Not all families in the 
Mahaweli area are skilled-agriculturists. Some may not wish to 
become.farmers, and some mpy not be sufficiently skilled. There 
are, for example, fishermen for whom settlement schemes are 
endorsed in Chapter 3, Whzt-other.. options are open to those forced 

to resettle?
 

Traditional Villages -
There is always stress involved in
 
moving and in relocation. The p.emise is that upgrading agricultural 
lands, while preserving villages, will be a preferable alternative 
whenever this is possible. 
 Study needs to be made of where and how 
this can be accomplished. 

Project Failures - Not all candidates become successfuI
 
settlers. Little is known 
 about what happen. to people who drop out 
of.settlement schemes. What savings do they fall back on? 

Unequal Productivity of Land - Not all land is of equivalent 
value. Little is known about the attitudes and reactions of thQse 
settlers given less productive plots.
 

Loss 'of Chena and Pasture Lands • Villa~nrs currently rely 
upon a combination of chena cultivation, garden plots and paddy 
cultivation.. In future systems they will lose the chena crops and' 
pasture land. More should be known about real attitudes towards 
this change in production system. 

Large Landowners - In past schemes it has taken considerable 
time for landowners to be compensated for lands owned in excess of 
one hectare. With the loss of land, these owners lose traditional 
status within the commnity. . This would seem to be a problem for 
future cohesion of communities, 
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REoOME ED ACTI NS 

The following list is intended to suggest the kinds of action
 

identified above.
 
which might be taken to mitigate the problem 

areas 

It includes actions which are currently 
under consideration by the 

Government of Sri Lanka.
 

Viability of Settler Family Unit
 

an area which may require study to determine:
This is 


n.

the real.land tenure arrangene ts neiq and existing
 

settlement areas;
 

the amount of debt of settler families during 
the first
 -

five years and realistic estimates of the resources
 

necessary for.a new settler family;
 

the. percentage of. farmer families expected. to be financially-


sound in five years; and 

what happens to settler families who fail.
 

Mitigation measures include:
 

policies to increase employment opportunities for all
 

family members; (This includes current policies to
 

u tilize settler labor for irxigation--mantenance and 

it may include recruitment of, for
construction; 

example, teaching staff from within the project 
area,)
 

-. provision of agricultural credit2._uder realistic terms; 

currently emphasizing:.comunity development progrms 

generating activities for women, understandingincom 

of principle of farm managemnt and responsible utili

zation of agricu).tural credit; and 

- increasing opportunities for failed settlers to move 

into other occupations within the project area. 

8 - 14
 



Provision of Basic Infrastructure 

Based on a study of the real time table of settlement and 
provisiou of basic infrastructure, a possible action might be to slow 
the pace of the settlement to match provision of infrastructure and 
adequate orientation of settlers. 

Formation of Cohesive Communities 

Much of the current work in community development in System 
H is designed to alleviate this problem. Plans for mitigation 
include:
 

- organization of farmers based on turnout groups; 

- organization of groups prior to settlement including 

acceptance of group applications; 

- relocation of existing villages in new hamlets; and 

- organization of conzmnity programs and activities. 

Non-Farming Activities 

This area needs review of poridies to encourage comerce 
and industry within the accelerated program before specific
 
recomendations can be made. Special emphasis should be made on 
creating markets for produce other than paddy. 

Roles of Women
 

Classes especially for women are currently being conducted 
under community development activities. 

Further attention might be placed on women's responsibility
 
for household budgets and participation in family savings. Women
 
should be included in programs to increase understanding of the
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household as a financial unit and th- resip6"nsibilty of that unit in 

agri.cult-aral credit programs. • 

Farm Labor 

Study needs to be made to determine the number and financial 

condition of farm Laborers who will be drawn to the Proiect Area. 

Planning for Special Cases 

rossible mitigation measures include: 

- regularization of the status of encroachers; 

a survey which will help determine options for new agri

cultural families; (This is beinE considered in present 

planning whereby families will be asked their preference 

for adaption to the new settlements. Source: Mr. A., D..N. 

Fernando,. Naha~veli Development Authority, personal. 

coflunication.) 

- early identification of villages which can be p e.te.rved 

without relocation; and 

-. division of land into plots of equivalent production value 

rather than equal size if such is practicable. 

General Reconmendations
 

Regional Planning - The settlement of a million people in an
 

area currently sparsely populated will impose a drain on all the
 

existing infrastructure, including market centurs, roads, health 

and education, security systems, courts, and local government both 

inside and on the periphery of the project area. 

The planning of these areas needs to be done from a regional 
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perspetive, and this work should be c.arried out concurrently with
 
the dLs-i'o of 
canals and other irrigatfon structures. 

Town Plannin, - Experience in System H is demonstratine that 
the layout of townIs and hamlets is a complicated task. 

In add! !Tovision for homestead plots and coumnity 
buildings, provi J' be made for zoning for firewood plots, 
pasture land, -. =es, boutiques, w,- small industries. Also 
provisicn =s- f:r futureflexibili .y with respect to conunity 
growth, dive;:: .z'- development. Conunity participation must 
be sought z3 s 
 V.:ssible in these decisions. 
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CHAPTER 9 
WILDLIFE. 

EXISTING CONDITIONS
 

Introduction
 

Much of the information publishea on the fauna in
habiting the Accelerated Mahaweli Programme 
area refers to its 
general distribution over Sri Lanka and itss tnxonomy.. 'There 
is very little site specific ecological. i-formation available 
for this area., particularly on the important elements of -the 
fauna such as the elephant, leopard, bear and other large 
mammals.. In order to augment the Limited ba-seline information., 

TAMS has organized three wildlife survey teams comprising TAMS'
 
wildlife ecologists, faculty members of the universities of Sri
 
Lanka and other interested individuals. The makjor objectives
 
of the field studie-s are gi-ven .in Appendix 9...-
1 

Since mid-November 1979 the wildlife survey'teams
 
have spent about 230 man-days collecting field data from Systems
 
A, Bs C and D. This information was collected during the wet
 
saasci and will be compared to data from the next dry season
 
for analysis in the final report. However, initial results
 
obtained from these .surveys are incorporated in the following
 
discussion where applicable..
 

Wildlife Habitats in the Project Area
 

The Accelerated Hahaweli Prograne area includes a 
very large proportion of undeveloped land. System.s A, B, C 
and D for example comprise a total of 154,300 hectares of 
irrigable land of which 114,700 hectares are undeveloped areas. 
These areas essenti±Ally consist of a 
wide variety of wildlife
 
habitats such as, villus, grasslands and numerous forest types.
 
As a result a large proportion of this undeveloped land was
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proclaimed as wildlife reserves through legislation passed
 

over the last several decades. At present there are wildlife
 

reserves whose boundaries fall totally within the Accelerated
 

Mahaweli Prograome area (Table. 9-1). A major portion of 32,800
 

hectares of the Veddikachchi Intermediate Zone is included within
 

the overall development area. The Nelugala Corridor which is
 

10,400 hectares in extent falls entirely within System 3, and
 

the Somawathiya Sanctuary which is 22,275 hectares in area lies
 

adjacent to this system. In there are five established
.addition, 


forest reserves (Figure 5-1) which significantly increase the

total area of suitable wildlife habitats found within the
 

.Accelerated Programme area (Table 9-2).
 

Wildlife Diversity
 

The Accelerated Mahaweli Development area includes a
 

wide variety of animals. The vertebrate, fauna alone consi3s of
 

several species of fish, amphibians and reptiles', a majority of
 

the 251 resident bird species found in. Sri Lanka, and large 

mammals, such as the elephant, leopard, bear, deer and sambhur. 

In addition, during the winter months at least 75 bird species 

migrate into this area from Europe and other distant places.. 

NearLy 20 of these species belong to a single family but the 

full complement of migrants. reRresents over 25 bird families 

(Table 9-3).. Consequently, these visitors contribute variety 

to an already abutxdant fauna.. Bird -species observed in the 

recent TMMS wildlife surveys are Listed in Appendix 9-It. 

The fauna of the project area utilize a wide. range 

of habita"s as exemplified by the. migrant birds. Shore birds 

such as .sandppers. and plovers., and ducks, terns and gulls take 

up residence close to water.. A large number of migrant wagtails 

occupy riverine habi.tats while the flycatchers, warbles and
 

The kingfishers live
thrushes utilize forests and dense scrub. 


in swamps and lagoons and the harriers frequent open marshes.
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Endemic Species
 

The project area is the natural habitat of a number
 

of endemic animals, i.e. those found only in Sri Lanka and no

where else in the world. In order to obtain'the most current
 

information on this unique component of Sri Lanka's fauna (and
 

flora) in the project area, TAMS sponsored an Endemic Species
 

Workshop in December 1979 a.t the Natural History Mu-seum in
 

Colombo.
 

The 7.orkshop was attended by representatives of 

several local and foreign institutions including the Departmen± 

of Wildlife Conservation, Forest Department, Mahaweli Develop

ment Board, National Science Council, National Museum, the Uni

versities of'Colombo, Kelaniya, Matara and Peradeniya, Wildlife 

and Nature Protection Society, U'SAID and the Smithsonian Insti

tution. The participants of the workshop identified 36 species 

of endemic vertebrates but indicated that many more may be 

found within the Accelerated Mahaweli Programme area (Appendix 9-

III). Their tentative list comprised five species of fish 

(.see CHAPTER 3 FISHERIES), two amphibians, 18 reptiles, eight 

birds and three mammals. During the discussicfi itwas pointed 

out that the Mahaweli Accelerated Programme area also included 

several endemic invertebrates and tree species but the parti

cipants felt that more information was required before the
 

status, abundance and distribution of these species could be
 

correctly assessed. Many of the participants indicated that
 

riverine forests within the Accelerated Mahaweli Programme
 

area were rich in endemic wildlife and expressed concern about
 

the proposed clearing of these areas for agricultural develop

ment. It was agreed that extensive habitat destruction rather
 

than direct killing posed the greatest threat to Sri Lanka's
 

endemic wildlife.
 

The TAN4S wildlife survey teams located two endemic
 

amphibians and one reptile species hitherto unrecorded from
 

localities within the Accelerated Mahaweli Development area
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inhreases the niamber'of vtabrate endemics(Appendix 9O.I). This 

found within,the project area to 39. The presence of 20 of these
 

confirmed in the field, and sufficient data was colspecics was 

lected on the habitat preferences of 16 of them tTable 9-4).. 

These 16 species occupy a wide range of habitats from open grass-

land to high forest but each species sppears to have a narrow 

range.of preferred habitat. Riverine forests was the preferred
 

habitat of a majority of the species studied.
 

The endemic fauna of the localities visited recently
 

were also studied between 1959 and 1962 by P.B. Karunaratne.
 

Comparisons between the two studies indicate that many endemics
 

.such as the red-faced malkoha (P.. pyrhocehaus,.Ceylon spur

fowl (G.bicalcarata), purple-faced langur (? senex) and an
 

agamid lizard (Otocryptis weigmanni) are in general much less
 

abundant now than before.. These species are also absent from 

of their previous range of. distribution. The consome. areas 

version of their natural habitat to agricultural. land appears 

to- be the. reason for the. reduction in numbers and area of dis

tributio.. 

Endan7-rad Specie-s 

The. fauna of the project area coprises six endangered 

.and two threatened animal species listed in the U.S.. Federal 

Register (Table. 9-5). This list inc:ludes the. elephant and leo

pard. AIL of the. endangered and threatened species found with

in the project area are fount'in other parts of Sri Lanka., and
 

except for the. toque. macaque., purple-faced lagur and the red

faced malkoha,. are also distributed in other parts of the.world.. 

However,. all eight species mentioned above are listed as threat

ened or endangered throughout their world distribution..
 

The TAMS. surveys in THe proj ect area, have, tzOiugh. direct 

observations and indirect field methods, confirmed the presence 

of all eight endangered and threatened species. As indicated
 

above, preliminary information from the field surveys suggest 
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that populations of red-faced malkoha and purple-faced langur
 
are declining in certain parts of their distribution within the
 

project area. Of the other endangered-species the elephant was
 
the most extensively investigated. Details pertaining to this
 

species are presented in the following sections.
 

Elephant Populations -. At the beginning of the nine
teenth centur. there were an estimated 12,000 elephants in Srl
 

"Lanka (McKay i973). In the 1840's and 1850's the British
 

Colonial Government paid rewards for the destruction of 5,500
 
animals (Tennent 1863). 
 During this period of decline, sport
 

Ligured as 
one of the major reasons for the ldlling of elephants.
 

Major Rogers, a mid-nineteenth century sportsnan holds the re

cozd of having killed 1,100 eleohants (Storey 1907). More re
cently, however, crop protection has been the chief cause for
 

the killing of elephants. Between 1952 and 1957, 239 of the
 

475 known qAephant deaths occurred during the alleged defence
 

of crops (Sessional Paper No. 19, 1959). At present, there are
 
probably a total of about 2,000 elephants in Sri Lanka (McKay
 

1973) of which an estimated 800 (407,) are believed to inhabit
 

the project area (De Alwis, pers.com.).
 

During the recent field investigations, an appreciably
 
high degree of elephant activity was noted in several localities
 

within the project area. 
The single largest concentration of
 

elephants consisted of 88 animals, and was seen at Vellovillu
 

which lies on the eastern border of Somawathiya Sanctuary.
 

The behavior of these animals indicated that the aggregation
 

consisted of several discrete social units varying in size from
 

three to about 30 animals. Feces counts indicated high degree 

of elephant activity near Dimbulaigala and along the main road 

leading to the Maduru Oya dam site. Both of these areas are 

found in System B. In System C a high incidence of elephant 

act±vity was noted at Henenegala kandiya and betwtuan Damana

wila. and Dehiattekandiya. Evidence of recent activity (i.e. 
approximately between 13 and 22 December 1979) was noted in 

six of the eight transects located to the north of Kuda Oya
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and in at least one case, the intensity of activity was 

assessed'to be relatively high. 

Seasonal Movement and Habitat Use b Elephants-


Interviews with local. residents and available scientific infor

mation indicate. several consistent patterns of elephant move
ments: within the project area.. The. details of these patterns 

wiLt be. clarifted on: an. area-by-area basis after data coLlect
ion through the dry season. 

In general, it appears that duing the dry season 

several. social groupa of. elephants periodically aggregate near 

permanent s6u'rces of water,,' such as. rivers and tanks. 1n 

areas- around: the.Rembarawa -raik (System C) and along the Haha.

welt each aggregation sometimes consists of 100 to 200 animals.. 

These aggregations utiliza the. perennial. rivers and tanks for 

drinkin& purposes and for the grass- at the- water's edge. From 

these foci of. activity each social group normally moves to 

somewhat: different areas. of nearby forests to supplement their 

diet with browse, but they return regularly. to their dry season 

sources of water.. The onset of the rains appears to terminate. 

the. ale-phant's period of dependence. on perennial. sources of 
-mtar.. Thus, in. the wet season large aggregations tend to 

occur less. frequently as social groups begin to disperse 
wicdely to areas, which perhaps. offer nutritionally rich food 

*item 

The above pattern of movements has been described. 
fBor the. elephants of Wflpattu National Park by Kisenber& and 

Lockhart (1971) but McKay (1973) described a slightly differ

ent movement pattern for the. GAL Oya elephants.. The wt 

season dispersal. of the. Somawathiya. elephants from the Maha

xea- Gange may. be more related to factort other than food.. 

rn. any case each social gr)up appears to have at least two 
fairLy large. areas of intensive feeding activity. 'Some areas 

are used during the dry season while others. are exploited 
during the wet season, and the social group moves between 
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these areas on a regular- basis.. The total area used for feed
ing and movements is referred to as the home range.of the group.
 

The size of the home range depends on several fac
tors among which habitat conditions and size of the social
 
group may be.important, and this specific area is probably uti
lized for several generations by the social group.,. Consequently, 
each group exhibits a special attachment to its home range and 
cannot be easily moved out of this area. This view is support
ed by the Department of Wildlife Conservation's recent experi
ence in attempting to drive elephants out of System H. Home 
ranges of neighboring groups however-, may show different. 
degrees of overlap and in these overlap areas the groups come
 
into relatively close ocutact without conflict. Lone elephants 
also use. specific areas of the habitat and sometimes inter
mingle wLth social groups which use the same area..
 

Crop Damage by Elephants - The extent of crop 
damage. due to elephants was investigated in certain localities 
within- the project area. Kantalai Sugar Corporation incurred 
a revenue loss of Rupees three million due to elephant activity
 
be-twean L977 and 1979., Similarly, the livestock farms at 
Tirikonamadu, Kandakadu,. Welikanda add GAJela regu larly suffered 
considerable damage to their grazing area and property.
 

The Aildlife survey team also assessed the extent of 
damage. to paddy- and other avops.. The assessment was done in 
the: agricultura'l area lying- on the ieft bank of the Mahaweli 
between. Hasalaka and Hettipola. Residents of four villages 
were. interviewed and the information, from Wilgomuwa provides 
somp-_- nsructive trends. (Table 9-6).. Ir. this village at least 
nina farme=rs suffered crop damage due to elephants on the 
nightst of 17 and/or 18 December 1979.. A total of 4.3 hectares 
of paddy was completely damaged and another 4.2 hectares were
 
partially destroyed. Assuming an average production of about
 
three tons of rice per hectare for this area and the price*
 
of paddy as Rs.l,900 per ton, the estimate of revenue loss
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due to complete damage incurred in the two nights amounted to
 

At least two of the farmers again suffered crop
Rs.. 24,510. 

damas within the next ten days. Since all farmers of Wilgo

muwa were not interviewed, the estimated extent of damage re

corded must be considered minimal..
 

Either lone elephants or a single social group are
 

generally responsible for recurring crop damage in.any given. 

village.. Paddy fields at Wilgomuwa, however, were damaged by 

groups of six and 15 elephants (Table 9-6)., In October 1979 

both groups apparently entered a banana plantation and destroyed 

Rs.11,000.worth of produce in a single night, 

The social organization of elephants and their 

naturally evolved systems of land tenure and habitat use help. 

explain the. temporal.and spatial pattern of crop damage.. Al

though some crop damage occurs during the dry season, ift is
 

far more frequent in- the; wet. season.. The. elephant' s.dependence 

om permanent sources. of water during the- dry- season: and its wet. 

season dispersal partly explain'the temporal pattern of agri

cultural crop damage..
 

When home: ranges. of social groups of elephants are 

taken over for davelopment, many groups lose all access to at. 

least.part of their-home ranges. These di.splaced groups use
 

the.remaining areas of their-home ranges and damage. agricuLtural 

crops grown at the. periphery of the developed area.. The.usual 

pattern of development also leaves certain land features (such 

as streams and rocky outcrops) found within the developed-area 

in their natural state.. Some of these natural land features, 

particularly. streams., extend across- the. -boundary of the dev

eloped area. -This. allows limited access for one or a few 

.elephant groups to enter (eg-., along stream beds.) portions of 

their home ranges which Lie within the developed aria. Con

sequently, agricultural crop damage occurs at the periphery
 

as well as within the developed area and is the result of an
 

elephant group's attachment to its particular home range.
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Crop damage is most frequent during the early phases of develop

ment and it. takes several years befcre even partial success is
 
achiaved in keeping elephants out of developed areas. As indi
cated before the Kantalai Sugar Plantations, which were establi
shed nearly 20 years ago, still suffer considerable damage from
 
elephants.
 

Other Wildlife Species
 

As indicated earlier current information on many
 
wildlife species is scarce. However, by the late 1950s the
 
decline of several species had been documented (Phillips 1.957)..
 
The factors which caused the decline were, human population in
crease, habitat encroachment, faster modes of communications
 
and transport and commercial exploitation. Except for com
mercial expl6itati'on other factors operate more intensively 
now, than nearly 20 years ago.. Therefore, a continuing-general 
declineof wildlife populations may be expected. 

In addition to elephant and purple-faced langur 
discussed previously Phillips (1957) listed leopard,. bear, 
sambhur, spotted deer, gray langur,. toque monkey, flying 
squirr._l and giant squirrel as some of the declining ma naiian 
species.. Among birds the comb dur.k and glossy ibis became ex
tinct as breeding residents during the first 0 years of this 
century.. Several birds of prey and water bi-ds also showed 
substantial decline in numbers. DeclinJing species.of reptiles 
incXuded the two- species of monitor lizards and the swamp
crocodile.. Populations of three bird species, however, had
increased i.e. house crow-, black crow and mynah.. 

The recent field studies documented the population 
increase of rose-ringed parakeet, spitted muni.a and white
backed munia,. Bird censuses in different habitat types showed 
that the parakeet and the munias were'absent in undisturbed 
areas but present in disturbed habitats and forests near 
paddy or chena cultivation (Table 9-7). At Polonnaruwa, 
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parakeets accounted for 507. of the total numbers of 24 species
 

censused in areas near paddy cultivation. Available informa

tion suggests that parakeets and munias ad3pt easily to modi

fications of natural habitat and proliferate quickly to reach
 

pest Proportilon3.
 

Crop Damage by Other Spec!.es - Besides.elephant 
' 

other wildlife species such as parakeets, 'muiasand wildboar
 

have been identified as agricultural pests causing considerable
 

economic loss.. Parakeets appear to be the most serious pest
 

to rice and other food crops. The extent of damage, done by 

them and the munias is, currently being estimated but the de

predations of the wildboar has already been assessed.. At
 

Kantalai a.systematic study of sugar cane damage showed an
 

annual yield loss of 18% and a revenue loss of Rs.5..9 million
 

due to wildboar activity (Rajendra 1973). In. fact, at Kantalai 

the wildboar-appears to cause more serious damage to sugar cane
 

than elephant.. The economic loss however, is cumulative.. 

Flora
 

Wildlife includes the flora..as well as the fauna of*
 

an area.. The Accelerated Mahaweli Development area contains
 

at least three endemic genera of plants. A..Kostermans,
 

Visiting Professor at the Department of Botany, University of 

Peradeniya has tentatively identified 53 endemic plant species 

and 2.3 endangered plants wLthin the development area. Seven

teen of these species are endemic as well as endangered.
 

Furthermore, .anumber ot plant species found in this area are
 

regarded as prime candidates for the production of new drugs
 

which may be used in the treatment of cancer and other human
 

maladies (Table 9-8).. Antifertility compounds have been iden

tified in 18 plant species and the World Health Organization is 

presently investigating the extraction of these chemicals
 

(Tab'.e 9-9). Many of the plants are also used in the tradi

tional medical system called Ayurveda.
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Existing Institutional Capabilities
 

The Department of Zoology at the University 'of Pera
deniya have two fanulty members who are qualified terrestrial
 
,ecologists. The other universities have specialists in marine
 
and soil ecology and limnology. However, faculty members of all
 
universities are fully occupied with lecture schedules and find
 
little time for wildlife field research. A shortage of vehi
ales also limit their activities. In the past therefore, wild
life ecology was not taught as a special course at the univer
sities. 
 However, this academic year the University of Colombo 
has-inaugurated a post-graduate program on environmental sci
ences. rt is hoped that some students following this program
 
will qualify ne:ct year and at least partly fill the need for
 
wildlife ecologists in the country..
 

The Department of Wildlife Conservation is r.sponsi
ble for the formulation and execution of the fauna.policy of
 
Sri Lanka. 
This department has its central administrative
 
office in Colombo and operates on an annual budget of about
 
Rs.,6 miLLion (U.S.$390,000).. Nearly 85% of the budget is 
spent on salaries, permanent-structures and capital equipment
 
while nothing is allocated for scientific research (Appendix 9 
IV). 

-

The. cadre of the Wildlife Department includes six 
administrators,, several. clerks, typists and 4-12. field personnel. 
Only two people in the entir. department hold basic zoology 
degrees and both are charged with administrative duties. 
The educational qualification of about 90% of the field 
personnal is eighth grade or lower. 

The.field personnel are entrusted with the respon-.
 
sibility of maintaining 58 wildlife whichreserves come under 
the.department's purview. 
About 657. of them are stationed
 

in the five National Parks while the remainder are scattered
 

over the other 53 wildlife reserves. This disparate distri
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bution of personnel is partly due to the fact that the National
 

Parks contribute a fairly large proportion to the total area of
 

wildlife reserves and partly ",ecause of heavy tDurist pressure
 

onthe Natioval Parks. In any case, at present a large number
 

of wildlife reserves are inadequately manned and thus poorly
 

protected from habitat destruction, human encroachment and
 

poaching. The problem of inadequate staff is aggravated by
 

the lack of vehicles for transport and communication. The de

partment has a pool of only 29 jeeps and three motor bicycles
 

at its disposal. As such the officers manning many of the
 

wildlife guard posts. do not have any mode of conveyance. The
 

net effect of the existing situation is that small and scat

tared groups of %he department's personnel undergo a great
 

deal of personal hardship and harassment to effectively dis

charge their official duties.
 

Social Vafiues With Respect to Wildlife
 

"The fbrest is a peculiar organism ofatinlimited 

kindness and benevolence that makes no demand for 

its sustenance .and extends generously the products 

orf its life activity; it atfords protection to all. 

beings, offering shade.dven to the axeman who 

destroys it" - Gautamu.Buddha. 

"0 great king the birds of the air and the beasts 

have an equal right to live and move about in any 

pazt of this.land as thou. The land belongs to 

the people. and all other beings and thou art only
 

the guardian of it" -- Arahat Mahinda to King 

Devanampiyatissa circa. 300 B.C.-

Conservation of nature and concern of wildlife are
 

extremely old traditions in Sri Lanka and dates back to the 

spread of Buddhism in this country..; Historically, therefore, 

a high social value has been placed on wildlife through 

rekigious and cultural practices. Nevertheless, some of the 
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•present, 'trends-of human endeavors bring-mou into severe conflict 

with wildlife.. Thus wild animals are generally viewed as an 

obstacle to man's progress.4an.. destroyed, but it is interesting 

.that this- destruction most frequently occurs through indirect 

methods., such as habitat modification. SbOLal.l values prevent 

the.'direct-killing of wildlife a.lthough this sometimes does?
 

occur... However,. the recent shooting of three elephants caused
 

sufficient concer , to be highlighted'in the local newspapers.
 

.fo- at least two weeks. This clearly shows/that old. practices
 

.die.hard and traditional values are *extremely difficult to
 

*changeo. Tr". . onn4 values are mainrtain.d even in this aei. 

..
of economic.progress.
 

The .conflict between traditional values concerning., 

wildlife and economic progress arises irom. the lack of under

standing of-the inti,-at_, relationship between wildlife and. 

its!habitat.. Consequently, wild animals (and ttkaditional 

values) are destroyed indirectl'y- through habitat encroach
ment. (and conomi' progress). 

t;E. the past, 'evelopment; programs were. de.ingnd 

disrecarding wildlife and-prob.emd. related to it.. After the. 

'Impleimantation- of the program, honiever, the task. of ficiig. 

wtldlife. problems has .falla directly on those who Lived on 

the."deveLhped!' land,. i.e. the. SriL Lankan. peasantry. "Irni.
 

cally those who-faced the gratest problems were. the. same, as.
 

thos.'that the "developman!' Irogram was dasign4ac to. heltr
 

most.
 

*TtaditiovaL valum'ay an important role in: miti

Sat-nrthe-gravity of"improper planning and. develoeent. The
 

Peasant who i affected by wildlifm.p-obles usualry resigns
 

himelf''to'l his.."kra! 'or fa~te. Sometinmes frustration leads
 
•to'& breakdow. -of social norms and the. peasant. may directly* 

'MIL wildlife- to iave M, live ihood. 
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s of Wildlife 1robleMs,.
Ojr=ent Aw rel 


a genera- lack of understanding of
 Alth.ough there is 
there is a growing

the. cause- and nature of wildlife problems 


that 'hey should be
and, ..beliefissues.:awareness of. these 
fact of this report
the veryIt must be noted thatresoLved. 

new sense. of awarness. .of the wildlife problems. 
indicaie.s 


in thethe first.rO"ra,
The Accelerated Mahaweli. Project was 
incuded..th". 

qf development in Sri Lanka which 
recent-historY 


in the discussions for plan-;
-. Wildlife Conservatiou 

eI 

IDepartent of 
in the newspapersacent ariticl es 

agric'ul'tural develpment. 

also reflect the. 
ug .

and conservatic.aon. wildlifeand radio talks 


for wildlife. and. its problems.. ,This augur
 
current concern 

wildlife.whose. problems.
wel for the future of S -iLanka 

through. careful planning and, some. foresight. 
'.could be resolved 

a. longway in benefittng
problems would. also. go

Resolution' of. these 

hma"welfare..
 

UMAC ANALYSIS'
 

Habttat Ateatio! 

The extensive. elimination of natural' 
S General 

serious problem which
the. single-most

is-undoubtedlyhabi-t--t.t 

the. survival"of"the wIld.ifA found.. in tha .project 
threatens 


area. consists. of -unr 

arsa... Meaziy 75. percent, of the .proj ect * 

of nitLual habitatx..typea
devlopedr' land comprising. numerous. 

changes in the pattem, of. 
Habae. teration wilL result. fzom. 

and also probabLy from. salinity
deforestationwater rem~a 

t:ha HahawelL and MaduZIL 
in. the"lc rachea,of

"iutisLo 
local, leveL this. ust not be. considerea d . a pro-,

rhOyi 
issue. of paramount IMPOrt"'bu~t &s.anb:. or wildlife-alone, 

and social 
the scientific" agzicultural, economic 

ance. fr 
whichof deforstation

U•dr the. gLobaL teids. 
v..wPOLta. 

sponsored. by the. 
recently highlighted, at a: conf erence we. 

mst.habitat destruction 
l". eparnent. of State. and.uSAIh 

Vi. major conclusion.as: well.concer.'be of international 

from this conference reads as follows.
 "'" .emerged 
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"The world is being confionted'by an extremely serious 

problem with immediate and long-range socioeconomic and 

ecological, consequences as the result of the accelerating 

loss of forest and vegetative cover.in the humid and semi 

"aid lands within or near the tropical latitudes.. Further
 

.the
community 'of nations baist quicRly launch-an accelerated 

and coordinated attack on the problem'if these greatly 

undervalued and probably irreplacdable-resources are to be 

protected: from virtuaL destruc.ion by-the early part of. 

the"net centuy.'" 

Modification of natural gcosystem& will e'ult in the
 

reduction of.present cariying capacity for most wildlife species
 

and -the cons'equext decline- of their populations.: Species' which
 

have.a history of-declining populations may be. completely eliminated, 

from the project area. The consequences'of the. loss of species-'is 

not entirely clear. It is.evident however, that the species which 

irill..be' eliminated are.unknown or how these species would be of 

help. to mankind in the future.. Furthermore, it is pbssible,.that. 

.the genet'im stck 'of"wildplantk for the production of fast
 

B'rowing agricultural crops may be substantially reduced 'or-completely
 

Ipst.
 

A fev. species which adapt to, habitat change,.. e.g..,..
 

wildboar, 'rats, parakeets- and! munias will prolfferate- further and
 
* may- become, more serious agricultural pests. within thf. project..area. 

THi. in- turn, will adiersely. affect potentiaL crop production. 

Extensive elimination.. of natural ecosystems- will. crowd
 

severaL animal species into the remaining -parts. of, their habi tats.
 

.Excessivilr-crowided'Inimals usually' suffer from food shoxtage.- and
 

exploitu their eover
onronment.. Athigh. poaulation. levels 

w-.sw specie also, exhibit.,' hig-''frequency of behaviout pa:ttrns that: 

ame 'dltous to theii 'own. 'popuUtions ,e.*g.,. infanticide in the. 

gray angur and tha..purple-faced langur'.(Rudr=an 1973),* These factors 

.,Can. 6UsequentIy le'ad' to significa.nt declines in populations. Such
 

declines have been documented for rodents*'deer, primates.and
 

elephants in different parts of the world and.may also occur within
 

the project area*'
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Effects Von ForeSt and.Wildlife Reserves' - Al: five ' 

of ."the proclaimed forest reserves located within the project area. 

havet been'taketr over from the Forest. Department and slated for 

development in the.Accelerted Mahawel. Programne.. The entire 

IqeIugala' Corridor?, a! arge prtion of the Somawathiya Sanctuary 
,and-the Veddikachchi Intermediate Zona falling'within, the project. 

rearea. are. also slatcd. for' devel6opmit . Forest had wildlife 

serves comprise only 19'percent of Sri Lanka3'"total lan& area 

and do not meet the minimumrequirements. of ore'is cover.. 

' When Sr-'Lanka gained.'independence nearly 30 .years: ago 50 per

cent. of :the climatic zone which includes- the Accelerated Maha

'well Programme area. (i . Dry, Zone) was, forested. At present 

only 20 percent of the dry zone is forested. Habitat destruct

,nunderthe -Accelerated Mahawel.i Iroj ect -will further reduce. 

foiest cover and adversely affect wildlife populations. . 

lmpact on Migrant. Birds 

-
Certain migramt birds such. as. the pitta, the orange 

headed ground. thrush and •7hilippineu shrike have stringent si-te 

\specific requiremeh.ts and. retrn to' the same patch of.habitat 

yea. after yea=. a ,opulations: of such. migrants. will be mibstan

:tiafly -affected, by. f orest destruction, and changes in the. pattern 

.ot water resources... These, two• factoksa will deplete food re-

And affect soae. of the other migrnts as well. Migrantsources 

bi.-Ld& undertake relatively. Long"migratory flights and a short.

aga-of food as.soon a&. they arrive here. can hcre: an izmediatea, 

effect on. their numbers. The lack-of food leading to exhaust

iou and" deitfco also occur-on their rarn flight.. Possibly 

ta ivoi this -Priblem more and more migrant birds 'are remai-'
 
"
-


ing in.3t" Lan" throughout the year.. "The. bluo-tai-ed :bee 

, eate which was. once- a. ielar mgrant is'. now -a breeding resi-'• 

dent ..Many other birds, -particularly 'th waderi. remain in Sri. 

The mum,*Lanka even after they assume their breading, plumage." 
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bet-of species migrating' to Sri Lanka has also increased in
 

recant years.. The iuflux of migrants may inten-ify inter

specific competition resulting in serious, consequences to the.
 

"resident bird fauna.- Neithet the influx' of migrants nor- the 
'"enhancement" of. the habitat for water birds should be consi

dered as spin off benefits of the development programobecause 

a.-natural system has to be .estabilized to achieve this situ

atioup .: Furthermore, the questi.on has: been- raised regarding 

the quality. of water which would, bei,'availabIe.. ' 

Impacts on Endemic Species 

Endemisur. usually. arises through prolonged. isolatiow. 

of populatioUs living in relatively stable habitats. Habitat 

stability du.e. to geographical isolation and, elative. uniformity 

..of:the environment. allow endemics to evolve and. occupy well. 

defined anu relatively narrow ecological niches.. Consequently, 

endemic. species, are: particularly. sensitive, to environmental 

perturbations- such as.habitat modification and increase in 

food. competitiorr e. g., from. igrarn birds. Therefore. this
 

unique complement of Sri Lanka's founa will.'be considerably
 

*impac.ad by the proposed.development scheme. It was indicated 

earlier that populations of four endemia species seem! to. have. 

already-declined- the other 35 species listed in. Appendix 9 .IlL 

aze.also expected. to decline in the project: area&. The. elii.- . 

Snatiioir. qf riverine forests which appears- to. be. the. p.;eferred

*habitat'of many. endemics will have the. most, serious.,eff ect. on.. 
.endemic populatim5. 

Impact. on. Endangered Species. 

Species-. sucr as the. elephant and.. leopard, are Lit.
 

as end'angered. because. they already fac@ thearthreat of extiuc.-"
 

t Exton.. irreversibly reduce-.the diversity of ecoi ntctions 

-systems. and makes. them.more susceptible;. to uuwanted change. 

For examp.le, ,the extinction of leopard .would provide .its prey 

species such as the wildboar the fullest potential..to multiply 
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rapidl 'and reach pest p cportios:. This unwa:4ted change 

occurs even now, beford the death of the last leopard, but 

extinction of. this species would mean an irreversible loss of 

biological phenomenon which is beneficial to man. The point, 

therefore, Is that sufficient numbers of leopard should be 

allowed to survive so that mankind could benefit ..by a natural 

system of predator-prey interactions,. 

Species become endangered when .the. viabilities of 

their populati'on are -16 through. all. or part of their area of 
distribution. ALL eight threatened on endangered species 

found within the proj'ect. area are listed as such throughout 

their world- distribution, (Table 9-5).. Moreover, red-faced 

malkoha, purple-faced langur and toque' m6nkey are endangered 

or threatened. endemics (ie.,. fiind, only in' Sri Lanka),, 

Therefore,. exteme.'caution muat be! exercised £u dealing with 

the present population qf these species as, well as. other ea
dangered forms- found within- the proj ec area. 

One. of-.the major problems. faced by s'ecies threatened 
with. extinction is the gradual reduction of suitable. habitat. 

Continued ieduction: of suitable. habi tat within the. project area 
.wiiL drive, them closer towards ex tinction.. n = 'j scale, 

o.tinct£:-h rexiL t "9- out'or the of aLn dyi. end species,. 

the end of 'apopulation'. av.: .the -end of, a .i.f a.vo.ut1 n. that 

may have 'devloped over millions of years. On a geologic time 

scale sp uineseveral million years.extinction is a natural 

.proc.ser.,.but. during the' ast four hundred years man's activi
.tdew have contributed" t.o the: extinction of three. furths, of 

the.-species, -that died out . 'Thus, txiinction -is"are' ia" 

7atual process anymore, .but a&man induced' phenomenon which 
ca .be detiimental" to his, owa welfare, .. " 

The. details. of the- Imacts. on the elephant.- whichan en..gee
is. t. most.,conspiczous. and culturally'signif ic ~ edanee 

species. found ithin the project..area are given. below., 
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Impacts on Elephant Populations The initial phase
 

of development will evict several social,groups of elephants
 

This deprives elefrcm."at least pa.ts of their home ranges. 

phants of their natural food and crowda them into the remaining 

areas of their habitat. Food deprivation and excessive crowding 

of elephants lead to habitat.destruction, which makes the area. 

sub-optimal for.'elephants'as. well as several other species that 

depend on the- same habitat. Evidence of? this has been documen

* tid from. the AfricaL elephants in Kabalega National Park.. 

Uganda, and Tsavo National Park, Kenya In Sri Lanka a case. 

'of habitat destruction occurred in.1975 in the Wanniyagama, 

Hurulu dnd Cal'Oya, Porest Reserves. This 'particular. incident 

waif' probably precipitated by moderate crowding and a lack of 

fO6d which was aggravated by a prolonged drought. Any further 

crowding*of these areas, may result In, habitat destruction
 

even under normal.climatic conditions.
 

During the later phase of development, agrilutural 

ariai gradually surround the natural habitats of elephants. 

This gives rise. to pockets of elephants which ultimately.become. 

completely Isolated from other members of the population.. The 

"ere:hnt population, which was once distributed throughout Sri 

*Lanka is now represe-nted in Me.wet zone by only four isolated 

pockets. comprising five to 15 animals. In the-dry zone, 

MhKayrs investigations (1973) indicated that the. isolation 

between elephants in and around Gal Oya, Lahugala. and Yale 

may be almost complete.. These pocket.? were.. .argerthan in the. 

wet zone and included about 300,. 150. and L50' animals,. respec

tivly Howver.. ev'er within-.. these subpopulations, there was 

'evdenu of further pocketing., For exampla, one. Of. the. six 

groups s*"idied at GaL Oya was Ccmplately isolated due to agri

cu ttxal. expansion surrounding its home range. The TAMS wild

li. surrey tear identified a groupr of. about 20. animals. which
 

wflL probabl become pocketed- upon: completion of the Victoria
 

.and Randenigala. reservoirs.. Similarly, many small groups 

Swhicli enter- the agricultural areas between Hasalaka and Hetti

pola from the left bank of Mahaweli will'be pocketed by 
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Loc-mt A./A) ut My w/ esre e as3Lgrly it
pattern for the. Ga.L Oya elephants.. The wet 

ent movement 

dispersal. of the Somawathiya. elephants from the Mha
season 

ra-U Ganga may. be more related to factors:other than. food.. 

to have at least two 
case- each social grmup appearsr. 	 ank 

areas areas of 	intensive feeding activity. Some
fairly- large 

while others. are exploited
are-. used 	during the dry season 

during the wet season, and the social group 
moves between
 

9 6rV 

the..development in SYs.tem C," the Bundala Sgnctuary,. 	the 

about 60 elephan s is. cZmpl.ta or iwMMinent:tPocketing of 
as far as Uda Walawap

Some of" these. an .Imals: which ranged 

An nakoIap esa and Ridiyagema were recently driven and.., 

crowd~e~d into this small sauctmary, With further invetiga

likely that pocketing will be identified as a 
tions'. it is 


common, than has been hexetofo=e
phenomenon. whi . is more 

Exce~save poketing should be recognized as the'Rre-' 

of. elephant populatis.e' Isolated pockets
cursot to the decline 

.inbcdeding

Cc. nsisting- of' a. fev?. elephants suf ,r the ef eats of 

'which results. in reduced fecundity and a decline in. numbeTs 

.ockets with larter numbers of. elephants mayand viability.-. 

or may. not be. viable,, but. they else face adverse consequences
 

norMally- preceded by overcrowding.. Ths,
 
because pocketing is 

the, xisting' pattern of development creates a- situation of 

=,. and inbreed-.to the &lephant, i.r Overcowding'double j eopardy 

*The: projxised
its distr-ibtiofl..ingjqi different parts'-Of 

the "ff eat of intensifying
development pattern will also' have 


already existing couflict bet-veef. human interests and the
 
thet 


el&, ant Whic. fither aff at- th
 

There aXe an estimated 800. lephants, that inhabit 

AiwiXers. cow.,) Aout 400 of these,
te P=6 t area. ( •e. 


reserves within and

be' accomodated. in. thle xwld fife 	 at 

•th:e-.~ ph' y. of' Projec. atrea.'provided some wildlife management' 

. Th' fate of te othexs. could be
•"asuces5 are.. ipIemnented. 


exisiting patterns. of. developmentou. DevClopva&ied. under thi. 

ment may immediately eliminate, individuals of some social. 

the size the. viability of these 
'g'oupav 	 ad thus, 4e, and 


".th& soci. g a.o lie in emi or cow.ly
 

...In areas- whee these grCUps'"iso. pocket.. of- habiaAnt 


they may destroy thei' habitat.. In Other parts

are. crowded 

crop damsge by elephants could led. to retaliation by cultim 
vators and result. in further elephant deaths. and wounding. 
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Wounded elephantts are- usually ill'tempere' animdla.. O4.eqtently, 
they eudanper and sometimes claim human lives.. Thus, the cycle 

c if intensified.cnflict between humans "and wildlife would be 

Ultimately, however, the 400 displaced elephants would probably 

dieif their problems and the Juman. problems' they will create 

are. disregarded. This would reduce the present estimated total 

elephant population of." Sri Lanka-by' 20 percent, i,e, from 2000 
* to. 1600 elephants.. The.remnant population,. especially cons

• 	dering, that it may- be fragmented inta a number of isolated..poc

ke.ts, may be too small to sustain the species indefinitely. 

*Impacts o. Sther. Wildlife Species. 

This section deals. with the impacts. on wildlife other
 
thar. the endemic, fauna, endangered species and migrant. birds
 
found *fthin- the. proj act. area.
* 	 .. -" 6" 

AlLhough. the problems of the elephant were discussed 

ir. some detail., it must. be noted that several other speciefs
 

share the same problems, Elimination of natral ecrsystems
 
followed by habitat fragmentation ,and population decline can be
 
aepcled to affect many species . of mamnals, :birds, reptiles
 

and amphibians, within the project area. Some. species which 

"adapt. to modification of their habitats- will. prolif rate and 

become agricultural pests thereby czasing considerable eco

nomic loss. 

Animal populations: usually maintain themselves.-at 

or near the, carrying7. capacity- of their habitat tlirough-. natural
 

-processes& suc as. emigration, idmigratio,_,. mortality-and'
 

nataLi.i. Within, the. project area. habitat elimination and /
 

f.agmentation wilL 'create. barriers (i.. agricultlral areas)
 

whih: illdtsmzpt~the emigratiom and imifigration: "patterns of
 

manr,species. Animal that are inately- shy (e.g. leopard,..
 

loth bear, Jacklr m-ouse deer),. those"which are. lumted.(e.g..
 

sambhur,' spotted "eer, muntj a6), and species whic.h are, almost
 

totally- dependant on trees and forests (e.g.. purple-faced
 

9 -21' 



lang, porcupine, giant squirrel, flying squirrel) will be 

the most' seriouAly affected by the agricultural barriers. to, 

their ifm.dgration and emigrution. Some species, .especially 

nocturnal forms may move ,across, these barriers (e.g.. mongooses, 

civets. wildboar,• some rodents), but if the barriers are too 

wide,, the movements' of these species will also be affected, 

Widespread disruption. of emijratiou and immigratou will 

affect gene flow- andJIncrease'thr probability 'of.inbreeding.
Cnsequentli.y tM'viability- of wildlifo.. pdpulatfons nd the 

species diversity of naturai .habitats*ill be reduced." 

* . , o. . . 

The"reduction of.species.:diveisi ty thrlough-habitat 

elinination and modificationr are expected to have. serious" 
Simpacts on biol'ogical, food ahai'hs,.. These. food chains trausfeer 

-'energy from plants to animals -throu&h a stepwise process of 

eating and. being eaten,. and stabilize -the population levels 

of. predator.and prey within. a biological community. Thus the 

.reducti of leopards would lead to an increase of its prey 

species.; Si-mLlly, 'the declina: of -insec-tivorous animals 

* (amphibians ,,rep tiles, btids., mammals: and- predatory insecrts) 

mnay- result in: the proliferation of insect disease vectors. 

and-,gricultural pests. This increase would necessitate" the 

utse.'of. pesticides. and. insecticides which-will further disrupt. 

biologicaL foo& chains'?. The chemicals- w ud be carrfei along 

the' links, of the.-food chain and, most seriously affect the 

Stop, predators-of. aquatic and terrestriaL 'cUMities wi.,n 

the projec:.t area.. This inc-luder czocodilas, :monitor lizards, 

stErk-, -aeagles.-, hawks', leopards and man. Thus habitat-"elii1-±-

uato.wilI precipitate a'seria bo escalating pi.oblems .hich

threatem. 0tewrefare'-of-wildlifa. P&well as' humans. ". - . 

..- "..1i 'addiio. to .agialti-aL. expansion, hu'man needs 

%,of-fulwoqo&Fill have anextremely- sercious impact-on wildlife

habtat and. inlmaL populations.. xtensive tree f i ng wil --

affect endangered and-endemic. plants- and species;.hich are valu

aulli. "fodr medicinal purposes.- rEncroac ,-ent will' also briig 
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humarr, activity in close proximity to. wildlife and. increase 

pressure. due to huiting for food. and commercial purposes. 

Me- star tortoise, crocodile,. bengal. monitor,,. peacock,. jungle 

fowl,, deer,, •sambhur,,. muntj.ac, mcuse deer, hare:, wildbcar, and 

lecpard. will. ,be affected, to different degrees due to. hunting 

pressure. 

Changes. in..tfie. attern of water.resources and sali
njity- intrusion.. may also. have considerable impacts7 on. 'wildlife 

habitats,. 'aquati& f -armsnd'waterbirds, It muat be noted 

that both species which disappeared from. Sri Lanka's fauna
 
Vr thef recenit past were water- birds, i.e.,. glossy ibis and.
 
.comb duck, The reasot 'for their disappearance is. unclear
 

but £it is possible. that their dependence: on. aquatic habitats 

may- havye. con tribu ted. to their extirpation. 

Agricultural Pests and the Loss of Biological Cortrols 

At. present' the elephant, wildboir, .rose-ringe'•.'
 

parakeet and- two species of munia. have. beerr identfie& as
 
:."agricult'.ral pests which will -have a-negative impact on the, 

Liop.^sed. program' of development. Munias, nestano. roost in 

the thiclt cover of:sugar cane plantations., Frout these eveas" 

,ther emerg. in, large. numbers" and damage rice fields over ex

tensive areas. -The. mnia problem has. bieen: identified around 

the Kantalai. and the; Uda' Walawe sugar cane plantntions .This 

indicates *that there would. be substantial economic.; los'.'if 

sugar cane and rice. fields. are established:. ide.'by-7 .sde; 

.o ,975: encroac•ment. of teak pl4&tations into ele

:phant habitat led. to elephant *aids and a loss of $7.5 million 

oE:future revenue. T si. .ts.t ui4 not be viewed as, an 

.TsEqtedt acqurance7 L'It.'ra.thr se -a.'iLeszimate *qr cz
•uomimIoss. L elephant habitat econtinues to be destroyed 

.tough. agricuLtural expansion.. ,Habitat destruction- also ap

.pear to. be the reason for the. sudden and.dramitic. ' increase. of. 

parrots. .Abo=t 30 years ago the rose-ringed parakeet, was 
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Srestricted to. the dry zone where it was found. in, relatively 

- small numbers. Now its abundance. has reached pes't proportions 

and £ts 'distribution has extended into the wet zone. and the. 

central hi&hlands. Evidently, extensive deforestation. has 

favcre the parrot by. reducing bird populations which compete 

with, the parrot for .food. and nest holes. This loss of. biu-

Logical control . through interspecifir .otpetition-has led to 

.the. parrot. becoming. the most serious, pest of rice and other 

.food'crops.
 

.liewildboar problem presents. another example 'of the 

Loss of biologcal control..and the. importance. of .maintaining 

.natural. systeiw of. predator-prey interactions.. Analysis of'
 

pre4tion. by the. SrL tankan -leopard showed that wildboar
 

and spotted deer kills constituted. 28%' and 497. respectively

.'of the. total prey items captured -(Eisenberg & Lockhart,. 1972). 

WhileL thev spotted deer was captured less than twice as fre--

quently as the.wildboar, its density- was m6re ta. ten, times, 

that 'of tha.wildboar."' This. suggests, that leoard prefirs:
 

wtldboat to. the -spotted d'eet;. In- fact.wildboar appears to- 'be
 
the. most preferred of all leopard prey;- and the wildboar's
 

relat"vely-Large litter. size was. probably evolved to offset
 

ts"poredatioun. pressure. In. the absence of predation. pressure.. 
howeveri. the.wildboar has, the.- potential. of. proliferating very 

qucpcly 'and becoming an agricultual., pest. 'This-occurs.'when.. 

natural ecosystems are modified. iu such a manner that they. 

accomodate the prey- species. but excludes the predator, e.g.. 

t .mo4iflction of natural habitats *to sugar caue .jlantati-ons. 

Natural ecosystems. are reservoirs. of many vertebrate. 

an .invertebrate species which, act. as. biological.-control 

agentS,, of' pests; as. well as. human. disease. vectors. They- also 

•videcommercial. timber,. iuelwood,. medicinal plants, a
 

hos- of naturaL products and a, gene. pool for the productiou of
 

nowvarieties of agricurturaL crops. Moreover, natural eco

systems. regulate water flow- and prevent soil erosion and have
 

a great deal of. potential for promoting tourism. The total
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value- of the service. rendered by natural ecosystem- cannot be 

easily assessed in aconomic terms,. but their :.mortanca for 

hum.= welfare cannot be' over amphasized.. More often than not 

the. contribution of natural ecosystems 'to human welfare- is. 

.,raallzed. only after they"are destroyed. 

REVIEW OF PROPOSED WILDLIFE' HKNAG.1NT PROGTMS

-. " . As. requested- by the Eiironmenta L Panel of the Maha

welL Development Board* the Director of Wildlifs Conservation 

has-put foiward'a wildlife mitigation proposal (see Figure 5). 

This, -can.be summirized as followa

-. 	 the creation. of Maduru Oya. national Park in. the 

catchnent of the Maduru, Ratkinda and Ulhit:ya. Oyas. 

-	 the establishment of a corridor from the propose.d 
"° .. • 	 -• . . ' .Maduin. Oya National Park into Wasgomzwa.. 

the establishment, of a corridor from Wasgomuwa 

along the. left.bank of the Mahaweli. into. Sma

wathiya... 

- 'the retention- of the ent-ire exctent of exiating 

. wildlife reservei'fond 4ithin'or o" the.b'r&dr3 

" of: the- Accelerated'Mahaeli Project-Area, e,.g,.. 

' 'Nelugwl. Corridor' Wasgomuwa and Somawathiya, 

* - the establishment, of a corridor between Maduru. 

Oym and Gal. OyaNationaL Park.. 

- • Since. the Department of Wildlife Conservation. is the.only 

wildlife policy maid n-. bod3 n Sri Lanklaits' proposal. Must be 

taken. .ac the overent's plan for mitigative measures. It 

must-- also-b6 "ted tha the proposal. is only a'part of a much 

more extensive plazi set forth £n 1959 by Government. coittee 

oMthipResevation. 9f wildlife, (sessional: paper7 No L§). 
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S. 	 TheNEDECO team's study supported the first, third and 

that the second 
part 'f the. fourth-recoumendation .and indicated 


This study also men
reco:.nnditon required-furthar scrutiny. 


that the. Nelugala Corridor is ineffective because its
 
tioned 


However,
iot lead'into a national reserve.southern end does 

southern end


'the. NEDECO team .probably did not realize that the 

lead-- to the riVerine forest along: the. Madura Oya." This habi

"tat iS. essentiaL for many. endemiC species and' for alephans .

sea-son.'phrticularly 'during' the dry 


The NEDECO team" made, two additona1 tecodmendatibns
 
",. , .:' ..• , 

Programma..'elated to. the accelerated phase of the Mahaweli 

re,Oneis. to enhance the communicatiuS systems. of wildlife 


reserve or jungle corridor

•serves by establishing a. forest 

'from 	 tha. northern part of the. Wasgomuwa Reserve to the 

extend' theMinneriya-Giritale San tuary-.. The other .is. to 


the west bank of the Mahaweli so*

Somawath:Eyal Sanctuary along 

north forest reserve..that'it could be linked.with. the. 1.ahawe Li 

The" fasibility report of. System 3 development re-

6oamzended that 

.7c 'the-. three elephat: corricors as proposeu uy 	 L4&n 

Directbr of Wildlife Conservation be implemented 

at least on a temporary basis Until the-.wildlife 

and the elephants can. leave or:be translocated. 

from, the. area of development. 
of.project implementation..,.theaspeed and methods 

on. the environ•b' .regulated' to minimize impac. 

.ment. 'and 

and' sprinklar irrigationm during-the
-fertiLizatin. 

dzy' season, t6. "assuire a:.,perenuiaL food supply fbo 

*:ephaDnts u.* 

"Th.'firstand third recouiaendatioUs are considered 

is. a good one. 
to be.'simplistic -but.the second. recommendation 

their habitat permanently unless they
Wild animals do not leave 
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are killed or translocated. At present translocation cannot 

be undertaken in Sri Lanka because of a lack of equipment,. 

funds and'technical expertise. In any case large scale translo

cation is unfeasible because alternative areas (or plans) are 

required to accommodate the displaced wildlife but insufficient 

areas have been allocated. The proposed Maduru Oya National 

Park can safely accommodate. the animals already there. En

riching the habitat within this area will make this park more 

attractive only to those animals which range just beyond the 

periphery of the park. Therefore, animals which live further 

away from the park should be accommodated .through other means. 

Habitat enrichment through extensive fertilization and sprinkler 

irrigation as implied by the feasibility report is a futile 

exercise in attempting to contain the elephants of System B. 

When crowded into a small area elephants do exteusive damage 

to the habitat reducing its carrying capaci.ty and adversely 

affecting- other wildlife. 

The Randenigala project report which is based mainly
 

on the NEDECO team's findings correctly recommends that environ

mental monitoring be continued during and after the period of
 

plar implementation. The report also recommends that three
 

islands totalling 70 hectares which rise within the reservoir
 

b. made wildlife reserves. This however, is considered inade

quate to mitigate wildlife problems arising from.the dam
 

construction at Randenigala.
 

The System C feasibility report makes two separate
 

sets of recoamendations for dealing with wildlife problems. 

One set is based on biological principles while the other

.places- an undue emphasis on the establishment of the proposed
 

nucleus sugar estate. The dichotomy is established by restrict

ing the term encroachment to "spontaneous.development" by chena 

cultivators and not applying it to forest clearing for the
 

proposed sugar estate. This dis13tction and the discussion it
 

generates is more than a matter of semantics and in a biological
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context any type of modification of natural ecosystems should
 

be considered encroachment. It is the degree of encroachment
 

and its effects on wildlife as well as development that are
 

important for a balanced assegsment of the problems and the
 

r-coa nendations of mitigative'measures.
 

The first set of recomnendations highlights habitat
 

encroacbment..and suggests strongly that this must be arrested 

at once.. An integrated approach to development is advised 

and the preservation of several small patches of forests in
 

.unirrigable areas is recommended. It is also recommended that
 

if parrots, 'are-idantified as agricultir'ar'Pstt3 Subatantial 

areas be kept under forest.. Several other useful sugZestions
 

are Included in this set of recommendations.
 

The second set of recommendations mainly argues
 

against the Sri Lanka Government's plan for establishing a
 

corridor between Wasgomuwa and the proposed Maduru Oya National
 

Park. The reasoning against the Government plan is that
 

habitat encroachment has already made the establishment of
 

a compleately forested corridorunfeaslible. A corridor forested 
alon its entire length would be the ideal, but one which
 

includes the etisting forest3 and some previously encroached 

areas assured of future protection woulc also suffice to 

link the. twd wildlife reserves. The report also states that 

no solution can be found for the elephants within System C 

although their numbers are estimated at or more than 20C in. 

this. area. Neither the. fact that such largenumbers of ele-

Ohants can cause considerable economic loss, nor the fact that 

these numbers comprise a significant proportion of an endangered 

species.population is taken into account. The report's sugges

tion that so many elephants be moved to areas outside System C 

is considered technically and biologically untenable. 
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RECO?24END ACTIONS 

The important relation-between human welfare and 

natural resource conservation was previously indicated.. The 

.*follawing recomended actions are based ob the premise that" 

the proposed. development should protect human welfare through 

as well•the rati6al use of fast dwindling natural resources 

as, fulfill. uman- needs' for food and employment opportunities. 

The. protection of human weLfare and. the ful'fillment of human 

needs are considered complementary rather. than conflicting 

endeavors.. Thus.,. iLt is. stiongly recommended that ani. integrated. 

approach-to "development. be implemented so. that a balanced pro-. 

gram of agricultura-I expansion, forestry development,.' soil" 

and.wildlife conservation .could be evolved . 

T.n general agricultural development in the Mahaweli 

Accelerated Programme area will shift-the region- from one. 

edologicaL.state tb-another.i Remedial measures can.be. formu.

lated fr- Iong-term land use considerations after development, 

and for short.term actions needed aslarge areas of wildlife 

habitat: are: removed.. Long-term measures. include a system' of 

-National Parks and connecting corridors; the short-term measures 

.aare'in operation during the. development .process. 

current plans, provide for the estab'lishment of a 7 

system of w4ldlif4 reseives with connecting. corridors,, but 

" gre deaL.rf- work 'must be. done. tXo accoamodate. the. large 

.numbers of wildliee -whichwill be- displaced during. develoi-. 

me .. Ctirent plans lack de-ailed information. on* hoW such' 

•plan% wat..-be implemented.* T'mplementtioo. of both the p-au. 

to'. establish and manage" the. reserve" system' adequately and 

-that fo, displaced wiIdlife cu rrentqr-accommodating exceed 

capacity-.
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National Parks and Corridors - The Department of 

'Wildife. Conservation has presented plans to assure the future. 

of$-A,'ilife populations in t .a lower Mahaweli &atgon. In 

Summary, these include; (see Figure 5): 

- he retention of .the ed.sting reserves,in their 

entirety, i.e., Somawathiya, the !Telugala Cordrdoz 

and Wasgomza; 

- the creation of the Maduru Oya Il-ationaL Park in 

Ratkdnda, andthe catchmints.of the Maduru-

Ulhitiy.: Oyas; 

a 'rridor from the proposed-'.the establishment of 
, .durm y National. Park to Wasouwa and another 

:,from the. Wasgomuwa. along the. left. bank' of the 

Mahaweli to the Somawaqthiya; and 

fn forest- of the natural migrationthe! reteition 

routi of elephants south of Maduru Oya into Gal 

7 Oya National' Park... 

The proposed plans are recom nended for implementa

of habitat fragmentation',tion.-" To:Overcome. the. problems 


to minal movement,. inbreeding and the consequent debar-_icrs 
reserves should be established.dineof populationslarge wildlife 


under thi. proposed' development schewe the creation of
Howeyer, 
Smaier wildlife reservesbe. Possible.,.such"reserves may not 


such as- tht Wasgomuwa, Somawathiya': d the proposed Maduru.
 

bi adequawad o'nly if they- are connected
Oyer National. Park may
e' b f ts Ctherziise ioae

toe tbek, Orefainably, bTuat Ca. fOrest5.ioa 
14Y*. oceanic islands, and islandwildlIfe baitAts-:.ill 3ehave 


fauna: 4re known to .e.,nlerable -to. extinction especially
 

when, the siz,. of the is-land. is small... Links between wildlife
 

of all species living in.reservem aloir,for"faunal exchange 

. A:- these links ust not be viewed as
these. areas. such,. 

emant of' elephants'alone. aunal ex-.
orridors f 


change through corridors mcinimi"-s-the deleterious effects
 

in isolated .popultions, increases the viability.
of inbreeding 

th'. process of. species extIRattioun.
qf all.species and retards 

IV.
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The NEDECO team's reconmendations to establish a 

forest reserve .orjungle corridor between Wasgomuwa and 

?inr:riya-GirItale Sanctuary, and to extend the Somawathiya 
Sanctuary along the west bank of the Mahaweli are also supported. 

To further improve the ecological integrity of the project area 

it.s recommended to: 

immediately arrest all unplanned encroachment of
 

natural habitats;, 

- regulate the speed and methbd of project implemen

tation in order to minimize the impact on the en

vironment;
 

- include an extent of high ground near Trikonamadu 

in the Somawathiya to accommodate the seasonal 

distribution of elephants from that reserve;
 

- establish a corridor along the right bank of the 

Mahaweli extending from the Somawathiya including
 

Gunners Quoin, the Handapan Villu to Wisgomuwa;
 

- expand the proposed 1aduru Oya National Park to 

include the areas out of command above, the M4aduru 

Oya flight Bank Canal, along the divide between 

the Maduru Oya and the Maha Oya, up to and inc-lu
ding a portion of the OmunuGala Forest Reserve;
 

revise the designation of the existing reserves 
to that of National Park, so as to improve 

management flexibility and reduce tourist pressure 

on the. existing National Parks of Sri Lanka-; 

identify marginally productive and unirrigable' laids 
and emphasize their first usage for wildlife re

serves with buffer zones for livestock grazing 

and fuelwood plantations-. 

declare riverine forests as wildlife and soil con

servation areas. Forests around tanks umd reservoirs
 

could also be treated similarly.
 

9 - 31
 



The last two recommendations could be integrated 

into oammiunty development and educational programs. Small 

reserves established by these recomendations could include
 

passive recreation areas and nature trailz with informative
 

signs identifying interesting'aspects of local wildlife. 

These areas can be."adopted" by neighborhood schools or other 

conmunity institutions and maintained by Department of Wildlife 

Conservation personnel. Larger areas could be developed as 

National Parks. It is recommended that as many National Parks
 

as possible be established to provide safe havens for wildlife,*
 

'to reduce pressure from local and foreign tourists on the 

existing National Perks of Sri Lanka, and- to promote further 

tourism, Moreover, the rise in the price of oil makes ex

tended journeys to National Parks increasingly difficult. 

Therefore, a system of National Parks which is evenly dispersed 

over the island would reduce travel distance and allow local 

communities and foreien tourists to enjoy wildlife and passive 

recreational activities without much financial hardship. 

The TAMS ongoing field investigations may identify
 

and recommend additional sites for inclusion as wildlife areas,
 

The "Future Land-Use Hap" prepared by the consultant 

for System B includes the Department of Wildlife Conservation's 

plan, for a system of wildlife. reserves and connecting corridors 

(see Figure 5;).Wildllfe oserves existing within the Accelerated 

Mahaweli Development Project anaand not included on this map 

are the Veddikkachci Intermediate Zone and the Polonnaruwa
 

Sanctuary, both locaed in System.D..
 

It-isnot possible to determine if the recommended
 

actions would assure the long-tam survival of species found
 

within,the proJect area. Effective protection and management
 

will be required to assure the survival,of the wildlife re

serve system..
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National Parks and Corridors and Infrastructure 

Mod'Fication - It is recommended that as the development 

progr. . is completed, the National Park-Corridor System be 

buffered to minimize conflicts arising from crop damage by 

wildlife. This can be accomplished by establishing livestock 
grazing zones, fuelwood.plantations and through the placement
 

of settlements between the Parks and intensive-agriculture.
 

In this manner, the centers of wildlife activity could be efect

ively separated from the foci of intensive agriculture.
 

Wherever a canal or any development infrastructure crossed a
 

corridor or park area, provisions must be made to include ade

quate crossing places. In some areas, major canals or roads
 

may actually serve as the boundary of a corridor or park and
 

in these situations it would be.advisable to assure these act
 

as barriers so as to reduce wildlife conflict.
 

The position of main canals planned for System B in
 

relation to the existing Forest reserves and the Nelugal'a
 

Corridor are indicated on the consultant's "Future Land-Use
 

Map". Site specific information on movements of wildlife are
 

required to make specific recommendations for the modifica

tion; of the canal system to 3ccommodate wildlife needs.
 

Effective buffers are recommended for all boundaries of the
 

reserve and corridor system.
 

Habitat Im-rovement in National Parks - Certain 

carefully planned measures can be taken to improve habitats

in some Parks by such means as assuring a good distributidn 

of water and grass that is.available throughout the year.. 

This will act to stabilize the resource Wm&e; whereas now in 

most areas of the dry, zone there is a considerable flux in 

resource availability resulting in seasonal movements of.many 

species, The reservoirs to be const-iucted in the proposed 

Maduru Oya Vati'onal Park with ephemeral grass growing at waters 

edge may act to stabilize resource availability and increase 

carrying capacity of the area for many wildlife species. The 

response to these changes, however, cannot be expected to be 

immediate and/or all inclusive. 
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Groups or individuals of some species will no doubt 

continue in their traditional seasonal movements to areas out

side the National Varks and 1eserves. This can in part be 

accommodated through the establishment o- corridors and the in

clusion of habitats where seasonat'concentrations occur. Fur

ther details of this will be avajlable ifter the dry season ob

servations are complete. As these are identified they will be 

included in the planned system. 

Phasing Development TernorE Corridors and
 

Caa Ca, cit - During initial development there will be 

a great disruption as wildlife habitat is removed, and it is 

essential that during this time the Park/Corridor system not
 

be isolated. Connections should be maintained with areas that
 

are being developed through the estaL: shment of temporary
 

corridors of natural vegetation. Forests.along the banks of the
 

Maduru Oya, which should remain in any case, and forests along
 

the banks of most major streams can serve this purpose. In some
 

circumstances, it will be necessary to phase development so as
 

to. reduce the chance of isolating wildlife in habitat pockets.
 

This will necessarily be determined on a zone by zone basis.
 

While it is possible to assure resource stabiltty in Parks,
 

the iraposed N/ational Park/Corridor system is . minor portion 

of the total area of what is now essentially a vast area of
 

good wildlife habitat. It must be recognized that the proposed
 

system cannot contain the majority of displaced animals and
 

.-.
frther. that care must be taken to not supersaturate, i.e., 

exceed carV/ihg capacity,, by attempting to force excess nvmbers 

otf displaced. wildlife into the i'stem. Supersaturation of a 

reserve by large herbivors can be ex.pected to result in habitat
 

damage.
 

Displaced Wildlife - These extra animals will either 

die or if possible be accorm dated in captive populations. A 

cer.tain, sizable percentge. or most species will surely die. 

Even if an attempt is made to accodfodate all the purple-faced 

langurs (an endemic and a threatened species on the U.S. List) 
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which will be displaced in captive populations, these leaf
 

monk-rs are. too hypersensitive, and captive maintenance of 

wild caught adults is frequently not possible with our present 

level of knowledge and technology. Some of the elephants dis

placed with habitat destruction can probably- be acconmodated 

in the domestic population in Sri Lanka if there is the capa

city to capture them. If, for some reason, the proposed wild

life reserve system or some portion of.it isnot included in
 

final development plans, the numbers of elephants displaced 

will exceed domestic. capacity. While it is possible to capture 

and maintain leopards in capt'Uvify, the number which will be 

displaced will probably stress or.exceed -the-capacity of the 

World's zoos. to maintain them. •Indeed, in nearly every case, 

the large. numbers of animals. involved will 'strain,- if. not 

exceed, the capacity of-captive population facilities to absorb 

them. 

National Parks-Wildlife Management Planning Team -

To harmonize the establishment of the proposed.National Parks/
 

Corridor system with agricultural development in the various 

systems,. a National Park/Wildlife Management Planning Team will. 

be rcuired during the construction of the development infra

structure. Specifically, tha'team would be responsible for 

pla=inC the coordination of the development of the proposed
 

• National Park/Corridor system with agricultural development 

and.with the fabric of the Sri Lankan economy by redesigning 

tourist flows to reduce tourist pressure on existing National 

Parks. and re-route them through the newly established Parks.
 

The. team would plan the infrastructure development in the
 

S'proposed Parks/Coiridors including roads. buffer areas, 

accomodations, and habitat improvement projects. It would 

be responsible for monitoring the response of threatened and 

endangered species as they are displaced through the destruc

tion. of their habitat and advise on which cn be -brought into 

the captive population and:which accormodated by the Park/ 

. Corridor system. The team would advise on and assist in the 
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development of the technical capacity to capture 
and translocate
 

displaced wildlife.. The consequences of not providing 
a park
 

planning and ddapti7're wildlife management 
capability can have
 

effects for the program,. socially and econoserious adverse 

micAlly. 

Expanded Wildlife and National Park Administration
 

- The Sri Lanka National Park and
and Management Capacity 

one of the best in Asia andWildlife Conservation staff is 


The.demands placed on the Department in dealing with
Africa. 


the tasks involved in.successfully establishing the new
 

Parks aid -,A6t the problems c'redaed. thrdugh theNational 
so
destruction of wildlife habitat over such a large area 


rapidly will require an expanded wildlife administrative and
 

management capacity. The Park~lanning/Adaptive Wildlife
 

Management Team would necessarily be composed of consultants
 

In addition to planning, a major objective
and counterparts. 


of this association is in technology transfer and devetbpment
 

of techniques. It is further'rdaomended that an Institute
 

be established under t.e auspices of the Department of Wild

life Conservation to provide training for basic and mid-level
 

staff. It is recommended that a diploma course be established
 

in the University system for senior staff in the Department
 

program of wildlife extension be established to assist
and a 

While the
farmers in agriculture/wildlife related problums. 


need for training and extension is recognized, this program
 

will.be interlocked with other programs in Sri Lanka and de

tails will have to be planned with extensive consultations.
 

National Policy on Wildli.e Conservation
 

The Hon.. Minister of State has sat up a committee on
 

National Policy on Wildlife Conservation.
the formulation.of a 


This policy, which is due to be released by I March 1980, will
 

include details of the revamping and expansion of the Depart

ment of Wildlife Conservation, the master plan for the 
National
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System of Nature Paserves and connecting corridors, avd new 

leg! measures to strengthen existing wildlife conservation
 

la-js. As far as can be determined in discussions with the
 

Director of Wildlife Conservation, as of now these above
 

reuaeqlial measures and recommendations are in accord with the
 

National Policy.
 

9 - 37
 



-t 

-r 

aaTTL.9@hnj 

.d. . .--..... % 

*~e~ %~ I 

.8* I:1i %\j )
/7 

NOAM N p w & , . .~I s a " L 
*1 ~. v-t / 

DVEOMETPRJ,OOU%VAMSCTDMAAEU1 IE 
F 1 FUTRE 

L 

mailto:aaTTL.9@hn


SOMAWATI..FIGURE 9- 2 
SYSTEM OF CORRIDORS AND WILDLIFE .SACTUARY 
RESERVES PROPOSED FOR THE ACCELERATED . 

MAHAWELI PROGRAM AREA BY THE DEPART-
MENT OF WILDLIFE CONSERVATION 
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Table 9-3 

Some. Plants of Medicinal Value Found within

the Accelerated.Mahaweli Programme. Area 

Species' 	 Medical use/active p" ciple 

Heliotropoum indicum Anticancer 

F!ucuna prurita Parkinsons. disease/l - Dopa. 
Leucae,,a latisina. Parkinsons disease/L. -.Dopa 

Terminalia cfiehula* Skin disorders-

Heidesmus indicus - Antipyretic 

Azadirachta indica Antimalarial, 

Solanum j'acquaini Expectorant 

Pylnhsemblica Liver diiorders

nlumbagoinda Gastro intestinal disorders 

Acacia catechu Gastro intestinal disorders-

Berhavia diffusa "Diuretic -

Dioscorea sp,. 	 /Diosgenin. 

Datura s 	 Anti. iiflam tozy/ scopolamine 

No te-	 Spec.ies list obtaincd frod tNatural Products fbr Sri Lanka's 

,future-taport:of a worksbap sponsored by the. National 
Scie4qe Council of Si-i Lanka and the Natioual Acadey. of 
Science. I.,S.A. 
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Tabl. 9-4.
 

Zan*' 'Co"tinin' Antifertility Compounds FouA*
 

Wtin Prqject.Area. 

SpeqiLes Fami ly 

Ckealinia bonducela Leguminosaa 

Caeialp2inia puicherima. Leguminosaa 

.CotipeissZin~iberaceae 

Curcuma aromnati cia 


C~ers roun 


crialia-madirasipatana 


Ale%-etis monniera 

Nomodizc' clerantia, 

Fetiveria alliacea' 

Plum1-gar zevlanica, 

.Portulac.e oleracea. 

Ri'hinus.-coammnis 


Rubi. cordifoli'a 


Saraca indica. 


Urenk lobata-


AchjrantheS aspera 


Zingiberaceae. 


Cypercea. 


Composithe ~ 

Scrophulariaceae-

cucurbitaceime. 

.Phytolaccaceae. 

Ptumbaginaceae 

Pbrtulacacene. 

Euphorbiaceaea 

Rubli.caae, 

Lgmuse-iis~a' 

*Malvoccae 

AmAranthaceae-

Plant Part- Containing. 
Antir fertility-Compound 

leaf',root,stembark,stem
 

leaf,,root,,stembark,str, 

;Loer~
 

rtmo
 

rhimome,raot
 

aiiial-part; root' 

whole, prant 

stam,vina

'-eaf,rootstenL 

'leaf .root, ptem 

ioie plant 

root. 

stm, rpo
 

leaf -root,stem.

aeriaI, part, toot 
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Table 9-5 

Migrant'. Bird Species.'Found within the Accelerated Mahaweli" Program Area and
 

Habitat Vreferences
 

_Famt1% 	 mo.Ne±- . mi rant species' "Habitat preference 

Charadriidae. Ekloversandpiperd. 24.2 lagoots and villus 

"otacillidae, • Pipit3.Wagtails "& Riverine -forest. 

'Laridae .. .b.. . s gulls . 9 agoons & sea shbra 

Acciptridae-. . Eagles-, hawks harriers 6" Forest. open marsh 

,-Anatida. . , .. ...Geese,. ducks.,	 4 vi lrus & lagoons.• 

lfscicapidae. .F1yatchez. 3 Forest.
 

Hirundinidae. 1. "Sallowsopen plains
 

Starebrar:idae . Skuas . sea shore . 
.°. .o. 
,
* S .A.. 

Ardbidae. Herons,. bitterns" 	 . 2. .lagoo. &;swamp, 

Turdidae . Chatis, robins, thfushes. .	 . Forest 
• 	 Si:Ld . Warblers .F
 

yae-'VForest
 
, * S * 

.Shrikez-Laiiifdae 	 2. scrub- grassland 

Pittie, Pittas. 1. st floor 

' eropidae Bee. eaters ".• open scrubs. 

Pandionidat Osprer - I- Sea shore & lagoon 

. .f areas,&,openFalconid.e. F•LcohW. 

Ratlidae. Rails 1 '.arsh & swamp 

S4ydrovatd. '. StoM petrelS . Te& shore. 

*Ciconidae Storks-	 . Lagoons.
"-:' . ..... . " S."" 	 . _ ,.- '. 

Cuculidae Cuckoos 	 4. Forest. 

. Alcedinidae. Kingfishers .	 I" Lagoons 

Oriolidae, 'Orioles. .. 	 Forests. 

Tota. - 76
 

Sources : TAIlS Wildlife Survey Team and Phillips (1978..
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Tabl 9-6 

Endangered and Threatened Species Found in the. Accelerated-

Mahameli Prog-.amme Area and Their Wo ld Distribution
 

Sp.e.
ie. 


Elephant 


Leopard 


Red-faced 
ma.ka"ha 

- .. 

• 


.. 

Mugger Crocodile: 


Ben'ga'l ionitor 


Python" 

-Pu'zle-faced. langur' 

Toque- Kacaque 

.. 
,' D 

. 

i ,tribu tion . • "- ' .. . . 

,kn.owfn Ditribut..-, -. 'Portio, of Range Were 
" " - "Endangered 


Endangered " 

rndia, Burma,. iaos, 
Thailand,. Cambodia,
 
Malaysia, Sri Lanka , 
Vietnam
 

Afica:,1 Aaih 


Sri Lanka 

Sri. Lank',. frica.,' 

,Iranr , India, Burma, 
Afghani3tan, Sri Lanka, 

V etnam, Thailand, 
Malaysia 

Sri. Lanka,. India. 

Threatened
 

Sri Lanka-

Sri. Lanka. 

WS7.'Yederal. Register Januar'17,Source, T 19.78'*,. 

9 W45
 

dr.Thteatened
 

Entire 

Entir.
 

E.tfre
 
.
 

Entire. 

Ent*r4
 
""
 

Entire 

-Entire 

Entire:' 



Table 9-T 

Micro-habitat Preferences of Some Endemics.Located
 
within.,th. Acceleaied IMahaweli Progran~e Area
 

eceHabft 
 at Rreference
 

-FISW'
 
Puitius'bimaclatus 
 . trear stagnant or running water 

A ~" ... P H I B. .A.,S 

' Ran& gracils. * - temporary pools"with reeds 
REPTIES 
 . 

Rhinop'his. oxcyrhvnchus burrows in open grassland 
G'yodactv.us frenatus rock. outcrops,. 

:Geckoella yakhuna forest floor 1eaf litter 
Ckaotes ceylonensis tree trunks in tiverine forest 

..Oeocryptis weimarni • open riverine 'forest floor.. 
."Sphenovtorphus. falla. "ggy -eadows" 

BIRDS .
 

Callus lafayetti . .. forest, parkland,, chena 
..allo*erdix bicalcajata riverine forest
 
toriculus' beryllInus' .tergent canopy of river#ne forest 
Psittacula calthorpae 
 emergent canopy- of ' riverine. forest 

Felrorneum. fuscbcapillum forest floor 
Phaenicophaeu's pyrrhocephalus ItAll. riverina,forest" 

MAMM1ALS
 

Macaca sinica riverina forest 
•Presbytis sefex riverine forest. _ 
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* Table. 9-8 

Percentage Abundance of Agricultura'lPests in Total Avifauna 

of Different Habitat Types 

Br e
 .."-]-" o:a d..Closedufoanest-f 

n p. .* 

t.4
Cloed, fores.t near chem ibitI
G.randtru Kotio. 
I -

•..4 .. . . " "9 




Table 9-9 

Elephant Damage to Agri:ultural Crops and Property in Villages 
to- the. Edst of Hettipola-Hasalaka Road (Left Bank of Mahaweli) 

Name of Farmer .No. 	 of elephants Area Damaged Date of Damage 
involved (ha.) 

IWilgomuwa Village- Damage.'to paddy.
 

Kapilaratne' " 15. 
 1.01 17 December
 
L.B.: Ekanayake . . 15. 
 17: December 
Kar unaratn. 6. 0.20 .. •17 Deceaiber
 
Piyasena.- , 6 "0,40 " 
 17 December
 

.R.. Ekanayake - 0.30" December
6 	 18 
Ranasinghe 	 6. 0.40 	 18 December 
.K.M. Muthubanda 	 15 
 (2.02 (complete) 17118 	December
 

(2.83 (partial)

.M.G. Ranbanda "? 0.20 .partial) 18 December
 
J.-, Rnbinda"" 	 7 1.21 (partial) .18 December 

Heen Banda and Samaneri's incurred a loss of*Rs. 12,00 due to elephant damage 
to their banana plantation 	in late October 1979 - about 20 elephants were 

•involved and damage occurred in a single night. 

. Devagiriya Village -- Damnage to paddy and other crops. 

"'U.G Seya. "' 	 0.4 (maize , cow mid November 
" .-".... .. 	 pea, millet)


' G. Surendr" . O.2 (paddy) 2nd 151ek December 
P.. Setunge: " . 1. 0.2 (maize) . Ist Week'December 
J.G. Punchibh'.a. 	 - 1 . 0...(maize, cow pea) 2nd Week December-

D.C. Lokuband. 	 I.. ? (partial .3 nights" between 

. damage paddy) .13-20 December
'D.MWiJerarne; Band. 1 .0.2 (pa_dy). 1st. Week DecemberG..Mutubara , 3" 0.8-1.2 (partial) 20 November
 

.20 December
 
.H.G.. Mudlyanse " 
 t., minor (paddy) ' 1st.Week December
F.G4. Jayatunge 	 " ." 0.6 (paddy partial) 2nd .eek December 
W.G.- Samadara - 0.2 -(paddy-,. maize., 2nd Week December 

manioc)
 
R.DZ. Sirimanne a. house was destroyed by an: elephanE*during the first week'of
 
"December 1979.. , .
 

Bogawela. Village - Damage'to other c=ops-. ." " 
F. .;. Gney& 	 . 0 .2 (maize., matxiOQY 1st Week December 

, .....Naiani Oya.- Damage to paddy 

.'t.A4.. Jayattsa. ". . 3,  '0.6 (paddy)- -18 December. 
Seneviratne Bands - • (paddy-) 18- 0-.8 	 ' December 
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APPENDIX 9-I . 

Objectives,of WIldl Ife field study program,, 

,Endemic Species
 
1; Compare, past and 
 pre~ent distribution of' endemic speciesS"thin project area " 
2, ~Assess relative abundances, microhabitat preferences and
rangeof mlcrohabitats used by endemic.secies
 
3. 
 'Assess impact or,endemic populations through envirormental 

cage.within pr6-Iect. area 
Endangere S.Species 

' Estimate. elephant.densi.ty and distribution, in.System B ana 
G: of..project, area
 

2.. 
 •Group-size and composition of elephant herds 
3. Home range"size of 0.lephant herds and seasonal use of 

habiat
a'
4. 
 Vigatqry patt'rns of elephants within. Systems .B'and C withS"special emphasis,. on movement between. Wasgomuwa Strict,.Natural. Reserve and-proposed' faduru Oya National Park.'stimateZ elephant damage to agricultural crops and plantation 
.• forest' 

VLl'u Fauna
 
.
 Estimatea. relative, abundances of.terrestrial vertebrate
 

. .Sfaun&y s t emusing, villus and water. . .. . . . .•. courses articularly in . 
Z. ""SeasonaL changes- irr the use of se1ected, villus. by.- terrestriaL 

vertebrates
 
3,•. Food: habits of terrestrial. vertebrates using villus and 

water courses.' 

4-. 

.. .
 
Assess. the- degree- of dependence of different .terrestrialvertebrates,on.villu systems • 

Agr±cuitural PFests 
L. Compare .relative abundances of known agricultur&Z pests- in,. 

* ,  disturbed. and undisturbed habitats  -•:2.o" Estima.e- abundances/ of probable competitors of agricuturaL.. 'pests., i. disturbed.. b and'A.3'..ed.abitat-. undisturbed reas. 
Assex'hab t preference, food habits. and seasonal changes- . Ln diet., mortality- ra es and' factors and movement. patterns.
of.agriculturaL pests ". b .4.0 " stifmita:'dauikgp, to. agrictiltura'L crops: by past& 

.. ~Recommend mthd.of cbntr.or of' agricultural pests.. 
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Appendix 9 - II 

Endemid Vertebrates FoundI. within Mahaweli 
Accelerated Prolebt Area 

FaZilT - .HACOPHORIDAE 

L " Polypedetes. cruciger 

-CAEC3LI.IDAEFamily. 

rchthyophis 3p. (at. least •ne species 

RETILES;• . • 	 ... , . • 

Fanily GEKKNIDAE 

1 Calatodactylus sp.. 

2 * Gyumodactylus frenatus Gunther 

3 * eckoella.vakhuna" Deraniyagala 

4" Hemidactlus, deiressus Gray 

* 5 ""Cnemaspis.podihuna Deraniy,agala 

Family 	 .. , SCfICDAE. 

' Dasia haliana (Haly et Nevill) 

2: Auguinicephalu-s-deraniyagalei 

3 Angqinicepalus hickanala 

Family . GAMIDAE 

SL. .Calotes lidcephalus 

. *' Calotes. ceyl'onensis. (Muller). 

"'3 .*Otocryptis weimanni. Wagler 

9 -. 50' 



_______ 

9 II (Covttd.) 

Family'- .AILai
 
1 *CYlIntmohi3 maculatus'
 

k-amil .y 	 MAP. 

Buvao ceylonicus.
 

Family- HQ-I
 

1 
 Ps'eud6typhlops philijpinui 

2. *-.Rhinoihis bxyrhynchus (SdJmelder)
 

?amily-
 -cOLUBRIDAE 	 

* 1 Chrys-ipelea taprobanilca Smith
 

Family VI-RIAE
 

L. Trim'eresurus: trigonocepha lus (Son ini. et Latrelle) 
~ami~y - .TY'PHLOPIDAE 

Typhiops sp, (At least one species.)' 

L: 	 *_albridalecrath*CJ.;a.Jor3 tar). 
Ceylon Spurf F 

*-.alu la-i ti esn 

*- Ceylon Jungle FrowL.
 
*.3;*~ Ps-ittacul a calthropae (Blyth)
 

4- *-	 L6oiculis- beryllkinus. (J. R. Forster.) 
Ceylo orikp-E 

**Megalaim~.5 	 flavifrons (Guvier) 
Yel1low-fronted Barbet 

16-* Pellorneum' fussocapillum (Blyth) 
* BrownL-capped za5E±eF 

- *Phaenicophaeus. pyrrohoiephalus. (Pennant,) 
Red-taced Malkoba 

8.- Zbotbera sptoqptera (Blyth) 
*Spotted-ing Thrush 



9 - IM (Coutd.) 

Toque mecaquek*Macaca s1n.ca • 

Presbytis senex-	 Purple-faced launur 

Golden. Palm Civet.ParadoxairuS zey1uensis. 


-Garra ceylonensis
 

pu iu bimagglatus
 

*Beontia- 3igoara
 

gBarbus srilankensis.
 

SPresence. of these species- -ithin the Accelerated Iahaweli Program 

SArea. were conf-irmed- by si 4h.tin& made by the wildlif afield 

-survey team.
 

Addetda, 

wildlife field survey team har located the folowing additional'The 


endea~cs. within" the Accelerated Mahawei. Progra=ne Area.
 

Bufo atukoralei
 

Rana. (Hylarana>. gracijis"
 

REPTILES'. 

Sphnomorpu9 
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*APEDIX9 - III 

List of Tsident Birds. Located i~i. thi Acceleratid 4fahaweli ProOmsie.-Awa 

EOIIM.R' 

Poie ruffcollis capensis Salvadari Little Grebe 

BPL'4CANIDAK. 

Veians 2hillppensis philippensia .Gmeliu- -Grey 2Piican. 
PwHj 4AGRODWKACIDAE . * -

Phalacrocorax carbo siinensis (Shaw) Indian cormorant 

SfIdscicollis. Stephe'u 'Indian Shag, 

* P 	niBims; Meillot) ... iy Cormorant 

Auhinga. 'rufa. melanosgaster. Pennant ~ t.diam Darter 

Ardea -ciurerea rectivostrim Could Eastern Grey Heron. 

A.~purpurea manilensi. Meyan 'Editern Purpre, Herou. 

Ardo-ola. grayii. (Sykes).... Ponud.Herom 
gubhIlous ibis coromandus. (Boddaert) -Cattle E~gret: 
Egretta aIlba,modes.ta (X,.E. Gray) -Eastarm. Large Egret 

E-intermedia intermedia. (tWaglear)- Mda. gret. 
F..L.gaxz etta gazzatta (Liiaei) ,. Little-Eerat 
Nyc icorax. uyeticormc layet~~a':Ngh Heron: -

reuociliaus ('Retmant)-	 i' aintad~-S-tork.. 
-na tomus.* oscitns%( p*ddaex'}.' 	 O'pen-bill.Storka 

-. -Gccmia episcopusi episcopus. (B~ddsaezt) Wlhits-necked. Storlc. 
Leptoptilos J'avanicus~ (Horsfiel-d)-	 Lesser Adjutat 

Thriskiornis melaniocephalta-(Latham) 	 Whiri Ibis 

Dendrocygum j avauici (Horsfioid) Lesser, Uhlating-reaL. 
Wettapu* coroaianderlianuu. c.7'(Qzze Un) -- Cottoiu?"reaL. 

ACCIIT=IAE I.--

. . 

"'Haliastur indus. indus- (Boddaert) * rabmiiny Kite 

1;M caeru'lus. vociferuiv (Lathasf). 	 B~ac-k-winged. Kite. 
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-inI (Conid.) 

Accipiter badius badiu (umCneliui) 'Clylor Shikia. 
A.,. virgatus besra J'erdon 

.Besa-sSparrow-Hawk

Spizaetus.' cirrhatus cirrhatuis (Gaielin) rstdHawkEa1e 
Lophotrorchis kienerii kienerii 

-

(E. Ged.).RfosbeldHak 

....... 
 Rufousmbelliad Hawk-p
 

.Eale.. 

Saiaornis.cheela. spilogas ter '(Blyth).you retd 

PH/SIAN'AL 
 penf-Eagle.. 

Cotuzrni chinensis chinensis L)..Blue-breasted. Qu il 
*.Petdicu1§-.
asatica,caylonen±..Cyox.ug 
 fuh
 

Qual. 
*.Galloperdix bicalcarata.(FOrst) 

-Ceytonf. Spurf owl
Gallus lafaetti'*Lessom. .* Ceytn Jungle, FOWL 
2avo cristatus Linaeus . Caiuefol 

TWRICDAz . 

Thix Uscitator- liaei Baker Ceytoz Bus tardq~j, 

ts:x o~s'-p enicurus(pentrat) Wiabe'.e 

*Vaterhen6Callcrexc cinere.7 cinerea (Gnellny 
. Wati -Cck, or 

..-

Kort-
Po 'hrro Poliocaphalus- .PurpLe: Coot

JACANMAr 
.

* yd phaiar Z chirurguar-(Scopolls), 2heasanttailed 

aRtraiu q b... bengalensis. (LPairtted Snipe*

>' dic7 u se .l ~,uic a i (~ o l z)C a y l ow Red -Watt l ed 

Charadriu, alexEmdrjluS eebohmi CeYlont Kentish 
21aver,
 

Hiniantopus himantkpus 
. .- CeylonBakwne 

- - . eviosisStilt 

'9 - 54 
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* 9
-If(Coutd..) 

BURHINIDAC 
Esacus magnirostzis recurvirostri "Great Stone-Plover-

LARIDAE. 

Stern.r albifrons-. aib-ifrons Pallas Little, Tern 
OLUMBIDAE.. 

* Mrr yompadora poip adora (Qnelin) 'Ceylovn Poipadbr. 
* . - -* . -Ttee-~igeoir 

7.. bicimiim. leggei Hartert -CeYlon Oang&-breas ted 
Ducua,.ine 2uslla(Bith)PigeonDuclaaneapuslla(Bfth)- Green. Imperial Pigeon. 

.Strtoei
- chinensis ceylonsis Ceylon Spotted Dove 
-Chalcophap&s ndica robinsoni,* Ceylon Broze-wiinged 

Dove 
2SItTACMAE. 4-.

Pli~twjla eupatria eupatri&L) eadinprk 
PL. krameri manillerisi3 SmLthexn' Rose-ringed 

- . -4 - . Parakeet. 
P... canocephAla. L). B~cuso!-sheaded Para-* 

C..'-*4*4 * - ~ '* . 4. .. 4.keet 

-dalthrbpae. (Blyth) Layard.1 s.- Rarakeet 
*Loricumus beryllinufs- 4 .Ceylon. Lorikeet 

ICIAtrJ_____ (Boddaer). Pied &rested-Ozckoo0 

aluuvarius'ciceliae (Phillips). .;eIca Hawk-Ozckoo. 
-Suimicuuv t.ur-E 3___atvartt Baker' Coayloi DrongO-;Qickoo 
* EudynaMYS:. 3-. 3CC1OP!Esa(Linuae a). . ndfamjXoej 
* Ehowodytes .vixidirostris, (jerdod). 
* Pha-eicoph-egs 'pyrrohotephalua RKed-faced- Malkohma 

Mtrtpus stnen313 a . 4 Soutberm CaucaL 

STRICIAL 4 

'Crt~bakma bakkcamoena Pennant Walox: tolared. 4 

k~jSniu±~ens 
4 .. 

blighl: 
.. .Seoa

Legge . Cayon1' 
Owl.

es Eae 
-~ - OWL 

Grancidium. rTd tn. (TickeLl). Indian Xungle Owlet 

zel*ei.. 4- ... eyOwu -Brown. Fs 

Sh~cutulata hir3u ta CTezzzn.) indiAni Browm Hawk-Owl, 

'Iif~dMalkoha, 
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9 III. (Coiltd..) 

CAPRflILGIDAx
 

Cavix~f mai 
 epsluabilias;. Ceylon. Jungle- Nightj ar. 
sasiaticus. eido. Peters Celr Cno Ngta
 

'APODIDAE.,
 

~ Edibld-iet"Swift 
_____flnu singal ens is. Mad._-di<.e-;=m Swift: 
M Parvui batasie'nsisysiuzus 

-indian.Gray' palm-Swif t 

Eleminrocne. lonaipennis coronata, indian Csted: Tree-Swift 
*TRkOGONIDAr -

Harnacte f fascif psitus 
. 

Ceylon: Trogo=
 
ALCED3MIAE 


-

deryte rudis teucornelanuu -Reich. 'Ceilon Pied Klngfisher. 
Alcedo atthis taprobana Klein.' Caylou common Kingfisher.. 

'Pelargopsi& capenrsis capensis (L) White-breasted Kingfisher 
HALCYon- 'SmY"Lensis fusca (Boodaert) Whi te-breasted Kingfishev-

MM.OPEDAL. 
. 

, S 

Morons~a. Uichinauiti' Vila'.C anu -heide4.flee.;Eater
*f orierrtalis, ceylonico hste .%Ceyloi% Gree- Be--ater 

FpRACIIDAZ-
.-.. 

*Cofciia&s. bengdlensis. indica L.. rndian Roller 

*deylonensis Reichenbacr.- RgHbpoa
 
BUCEROT3DAE * .* 
' 

. 

-- ~ ~iisetis ai~lni Sa)Ceylon. Giey Eornhillt 
7ztrceo S.. coranatus dBudaer't) MalIbar Pied Hox~biIJ. 

- * * .. . . . . 

*.Kegalaiig E.. zeylanica CGmelin) Brown-headdl' ze
 
H-'fIavifro~(n& ir 
 Io-'f ' teJ. Ba'bet 

- ~ncehaiiktdica~ . -mson-bveaited abt 

*P.m.3AZ . 

MifcrOV tarnus brcyuu i erdoni Rufous- Woodpecker
 
Dioiuhrbenhalesis Psardes' 
 :.Ceylon Red-backe'd Wood

pecke= 

-56* 
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- 117(utd.) 

Dendrocopus maharattensis mabaratteni. Yelllow-fronted Pied 
Woodpecker 

nantZs._gyumopthalmusBlth Ceylon- PygM Woodpecker ' 

ALAJDIDAK. 
Mirafra assamica- affkinis Blytlih Indian- tushlark 
Erernovterix~grisea- (scopoli): 'ylf.1nh*
 

HIRUNDINIDAZ ~ ..
 ' . . 

*4iu d durica hypeiythra. Blyth. Ceylon swallow. -

Oriolus xanthornus ceytonensis: Bonap,", Bu-k.-headed Oriole, 

* Diwiurus, caeruleascens ibsularis White-bellied Drongo.. 
mD,
adiseisceylonicus aru~titaXrt dDroago 

ARTAM31DAE 

* Axtamsi fuscus- .Vieillo. . :Ashy Swallow-Shrike. 
.~ .*l R.....I....-A 

. ' 

*Acridotheres. tristis. rnelanosternus. .Coummotr Mynah,
 
GraagaA relfgosa- indica. (Quvier) Coum=o 
 Grack.Le 

CErvus splendens. rotega tus Madras= Ceklonr House. Crow 
C. fffacorhyncho-s culminatus Sykes plack -cram' 

"C~AREG1iIDAE .. -, .

[efIcAPu p2jctis leggeLi WistLar .Ceylon. ied Cuckoo-Shrike 
Tihftrodornis- ondic'erianus: affinis. Ceylim Wood-Shrice.
 

*Coracinz melarroptera: stei 
 Black-headed Cuckoo-Shrike' 
*Peri=crotus f lammeus- f lamesz . elon. I&tMinivet. 

L.~.cinnanomeus, -. ..-. Iittle. Mnivei: 

-Aegithinat tiphia muzticolor (031e11u) Commn. ora 
-Chloropsis. aurifrons inilaris -GoIA-fmaed. ChloropsisA 
c. ,cochinchinezisis j erdovi .-. erdmu.s chloropsiS 

RYCNONOTMA.-

RZScnnotu q T. melani ateru s "(Qnelin)l BlAck-ca~ped: *Bulbigl 
P. cafer haemorrhousus (Quelin) ed-v~mted Bulbul... 

*P. . luteolils irtsurae (Whis t &-Kin.) White-browiad Bulbul
 
Hypsipeieis indicus
-niu (J-erdon> Yellow-braved Bulbul.,
 
II..uadagazcaxiensis 
 hiii Ceylon Black-Bulbul' 
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PellorneUM fU3COeapilluui babautti '(Wells), DrOw-CappedBabe. 
* Poamatorhinus sChiStiLceps 
holdsworth± 
 C4ylon Scimiter-Babler 

Dimatia. yeyhapilpL Ceylon; Wte-tfroated.
 

R.hobocdchka. atrieps tlCcatUS, - el Bla~k-fzorted
* . BabbJur 

* hrsatasinens3is naal13.(teggfe)- rYellow-eyed Babbler 
-Thrdoides affinis- iaprobanus Rip ley - Conr Ceylon Babbler 

* usc-icapa. tickelliad jerdonf (Holdj.). Tickeft'3 Blue Flycatcher-
Rlhipdur a~i.2_6lz COm1rL-5irostris' Whi1te-browed Fantail-. 

**. *. .Flycatcher 

*Monarch&- asurea ceirlonensiS (Sharpe) .Cyo'AieFyahr 
SYLVIMAE. 

- . 

-*Cistlcola. Juncidis cursi tan. (Franklin)' Fantail Warbler
hod Lsoui± ptoraMjLj- Legge4 Frakin.'3 Prinia

.'subf~ava insjUlaris:. (Legge) *. *White-brtwed Prinia
*P.. !ylvatica. vali da. (.Bly th) Cyo'Lrg.Pii
 

3ocialja. brevicauda* Legge 
 Ceyton~Ashy pjInia.
QrthotMss. S~U't LU (Pennani) 'Ceylon Tailor-Bird 

TURDIDA& 
 :
 

;Q Y.CW-~as~ i AI9~WS~r[q 
C. 

Sbu thernMagi-Rbn
malabiricUs3. leggei , .~..~C~lnShama

*Saxicolodies' -fulicata lucoptera, Ceylon.,Black- Robin 

-' arus inaj or,mahratauzi Haztet.. Caylon. Grer Tit
 

Sital-onals-frontalisa Swino Velyet-sfrotited. NutaiMOTACLL~MAK 
. *--~ 

7'Antimasnovaeeelandia mlarenas. ThcZndan- Pipit. 
D. I - ***AI. , 

Dicaeum. agile say-I Oneds (Whistler). Thick-billed FlTowerpecker'
NECTARZN 2MAK 

-

Nectarine zelnc eloi2. urple-mimped Slnbird* w4loteujta lotenia. (L)' Lobn s. Suubird 
N. aniatica asiatica. (L) .*-' - Purple, &rnbird 



ZOSTEROPDAE 

Zosterops-palpebrosa palpebrosa (Temmo.) 'Small.White-Eye
 
PLOCZIDAE' 

Passer domis timus indicus., House-Sparrow 

lPlocem.s Ohilippivnus philippinus. () Bays Weaver. 
p :mauyar flaviceps Les3,m ...StrCaad-aaver-ir'd. 

ESTRILDID '°.o
R..,IDm .... 

. ° . . . 
. .°°*. 

Lonchura striata. striata (I..) White-backed Mutnia. 
" .'utulata punctulata (L:.). Spotted Muna' 

L..'malacca.Malacca (L.> Black~headed Munia 
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Appeuidix 9 7 IV 

Finaial, Technical, Anid Infrastuct
•ur.' Capabilities Of The Department.* of 
Wildlife "Conservatioa, Sri Lanka 

";.L). 	Budget- 1979. Salaries. Rs,. 2,844,000 ', 4"5.6j 
Travel 300-000 

.	 Supplies! .305,000 
Maintenance .. 150,000 
Utilities. 90,000

IUCI Membership. -3,000 
CapLtal.- Equipment "764-,950. 12.3% 
Perma~et Structure 84000.7. w 

TotaL. Budget ,Rs;. -&240,990-6 $390,061 

2)1- WLidlife aeserves '.
 
.'Stau' • 
 No.' Area (Sq.miles) 

NationaL. Parks: 5: 	 L,.175,45 
,Intermediate. Zones. '. . 1-3949
 
Strict Natural Rese-vea .
 . 234.47'
Nature Reserves. L. 	 12 20. 
Jungle Corridor- .	 -. ' 40, 00.Sanctuaries: 	 ". 45:. 799'63 

TotI ,4401.64: S-.miles
Fl-eli PersoMueln. inimum Education, 

,JIoh-Descriptiom --	 allficaions. 

Faric 	Wardens. '  10th.'Grade •
 
]Yeputy P ark: Vrtrdenw. 4. 

.
 

10tUL 	Grade
Ranger s- *. . - 34" 10th-Grade.'
RBagcAss±iaants "8.S.. 8th Grade
Wildlife Guard& - -288- " 7Th. Grade: 

Nt-	 of%fiacL- persone.l, stationed: In. National Parkv-im266.N-.cr. 	 of' f!el pe. meLsaoe iohe tdie presercvex- w"rS " .5 

iS 	 sta i 

De.,rp dtive Ieepa 	 2 

Tractors
 
Mot=r bicyclew 
 3_z'-wh'9 tractors. 	 ' 

Salocit car .L 	 Ibaned by' the Ministry of State 

.Sourcet Dept.' of. Wildlife Conservation ". 
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oCWTERII 

ECONOMICS
 

INTRODUCTION 

Thea econcmic analysis seek&, to evaluate the 'environmental.impcts. orr the- area withim the accelerated Mahaweli. Development Pro.gram: (MDP) as; & resul: of the. various. proposed proj ects. Where 
uegatlva. impac, areildentified. (and: wherever possible quantified)
alternatjve-cost effective approach'ea will be recoamended to mitigate 
the.effects,-

TheL basic tenent of this. report is develop; the planning toolsnecessary. to.help optimize. the efficiency. of land. use through. identi.ficatiom. and. quantiftcator of environmental impacts representing. 
.pportunity costs. t&-Societr..
 

Other areas, open to 
analysis while techmically outside theparameters of strict environmental impacts, bu- nevertheless. ofimpor .ncom.are.,, distributiou,, and. marginal efficiency of
 
.appL±ad 6apital.

It~ust be ephasized. that ti s a particularlyundertaking; im that a.'great deal, of 
aduous 

the. realin'of this analysiswithin; that which ham' Iles.
traditionally been relegated. to indirect costs
and benefft- generally. passed.i over in proj ect appraisal. because of
.theext:rem difficult., 
 of- predictiow and quanti ation.
 

,TradiionaLanalysis relegates. itself to input;., outpu trelatio ni s!b e n ,ship~. economic and* financiaj. profi tabill tIeas;acordng .t..projec: Zo,,..,. m.vioment."iapact nLysix. however.
concerns.-Itself with. the repercusions 
tO the rsourc,'base itselfasa.result ofprojectdevelopmen( -This resource base includest. physical a well. as animal. and, .uma environment and the costsand.beuefli soeiet 
as. & whole. Some of these impacts aredirectIW related to the resource barne (erosion, water quality) and 
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.withassociatedindirect impacts whichare 
are quantifiable, others are 

extremely difficult open vistas) and are
socict y values (cleat air, 

to value. 
a 

this stage that £t is not the put
it_siould be pointed out at 

critique the various, feasibility studies on the. 
pose of this report to 

or not they are viable,.nor to. determine whethersyst18M.within' the MDP, 


nesative impact- to the environment is ascertained
 aHowevesr-,. whenever 
context 'as, a cos to society, (opportu

iit.will be. treated- first im- the 


can handied in a number.
 
.nityost'6f development), this cost then be .. 

a line item cost toto'lanning goals;
of different ways according 

or, finally, a cost sii
.development of'a??.jec,. cost of mitigation 

to warrant an alternative plan.
ficant enough 

treat the environment as a pro-
I general this report will 

soils. Environthe basic production unit being
ductive system with 


To
various- yie.duwill be. established according to
mentaL value. 


equate this. concep't to. traditionaL input, output relationships, the
 

an and. (wherever 2 ossible)
yields wilL. be expressed o= 'annual. basis 

present net value, following. the same quantitative assumptions.
giver a 

eadh system- feasibility study.. Unfortunately there
dfeveloped. fo 

consultant studies resultbetween the variouswas no.standardZation 

Sig- and. opportunity costs Of cital,. thus


in varying. discount rates 


I.. R.- R. cutoffs..
emphasizing various 

Analysis of Topic Areas 

areas%havew beev. introduced. previously- in
T2me.various-.&o .pi. 

* this report along'with the tac164nciLanalysis to date.: Some. of.' 

these. topics: represent factors. of production. (soils, water quality, 

labor) and'. s0M represent prbduction system; (wildlife, fisheries, 

the, topics will lend- themselves. to quantifiable
wet-lands). Many of 

others- will surely stretch' the 
.interpretation with: measurable data, 

Nevertheless
imaginmation-, and ingenuity to. attemp~t assigning values.. 

some measureare assumed inof the. enviromeft and era. alt components 


by the proposed projects..tor-effect or be affected 
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In.the final report the economic analysis will be. incorporated
into each topic,, however for the purpose of this mid term. report the 
econCic section is separated to show the types of analyses- undertaken. 
otr data available to date. Where data is lacking a scenario will be 
developea to. show. how. the various. impacts will be analyzed. It must 
be. emphasized that data used in- this. report is provisional and subject 
to. change in entirety by the time- of t.ha final report due to. updates 
and correctionx. 

-LAND Lr AND SOILS 

As- previously mentioned, the b&.Le resource. unit-or"factor
 
of pxoductlon under consideration 
 in this report is the.soils component 
of .ther 'environment. The soils- will. be analyzed in terms. of productive 
compacity under present usage.and as to potential capacity given altered
 
factor inputs - technology, annual controlled. water,, fertilization. etce. 

.-Soil analysis. is he basic requisite toward development of proper land
 
use. planning with the subsequent goal of highest 
and best usage given
 
certain factor constraints inherent, to 
 a- developing country. For
 
Instance proper land use 
ptanning will idexntify those- soils giving hi&% 
returs under labor rather than capital ihteasive cultivation. It will
 
alsor 
 llw for analysis necessary to determine reallocatIons.where
 
diminishing, marginal, returns "are pushed 
 toward irrational production.. 

Data developed, in, this.. topic area will be used*throughou~t the.
 
report and incorporated in other 
topic- areas.. Negative impacts to be
 
analyzed wit 
 be on.te.. ordier of environmental. degradation due.to land 
misuse (erosio,. 'loss of water shed, loss of.nutrients resulting in
reduced- production) . project oriented impacts (raised water levels 
due to- inadequate surface runoff and. subsoil, drainage) and Inefficienc.
ias. due to planning policies (land use allocations,. coppin& patterns).. 

Wfil, thre. are forests. or rwmants, of.forests in all -the 
systm'initial concentration to dat, has been made on the-fau.tarea
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•This area h received primary
in System C north of the Kuda Oya. 

as anof its high environmental. and economic. value
attention- because. 

area of timber production, vegetative.zone, wild life 
habitat and
 

and. soil quality effects"important water table 

at System C.,
The-data analysis developed,on this initial. look 

and upgraded to eventually be incorporated in the forwill. be refinec 
the entire accelerated

...


estzy/soiWs/land.use planning analysis. throughout 

,
project. 

P rimary data. used:'to date is based on the Hunting Survey 

with updates fromCororation Forest Inventory,.Ceylon 1961 (Andre-7s) 


Limited,. Feasibility Study 1979.
Hunting Technical. Services 

the volume by percent composition of comer-Table. ll-L shows 
The per

cial timber in the northern Block for group size.and class. 


the Hunting
centaga.is a waighted average based on original data from 


through. both
 survey- in 1961.. An attempt will be to update this 

photo. interpretation and. ground survey. 

STable. I- shows potenial annual. timber production based on a 
iapo en-Z sh w

Ta le 

of*

harvest rotation of- I1Q yars with a 20 year cutting cycle. (2% 


grOFiu, stock aiumally concentrated on 5% of total area).,
* 

At the.time. of this..report the. financial price aid- gross value 

for.an' annuaL harvest has. been determined, based. on.updated price. Lists 

fr m,the State Timber Corporation (STC),. Hunting Surveys 1979, (wire ,and. 

the fact that the State Timber Corpoles)and.interpolation based on 


poration. supplias 50% of timber demanded, the. remainde is supplied.
 

by import, private contractorS. and illict felling. 'This in~raemtal 

supply price.,was detear*ned- throught local. market surveys- of manufactur

ers,. sa3unlls. and. suppliers to. ba abot 50%.higher than: STIC Listed 

.prices.* 

Economic price. have.not yet. bein developed due ta lack of" 


or export 3ubstitutiondata on import substitution for building. grades 
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for luxury- grade woods. For example the value of ebony is commonly
quoted locally a. being "inestimatible" meaning that a piece of ebonylarge enough to manufacture into a piece of furniture could coa iandpresumably "any" asking price. 
 Since there is no set .world price..

for the luxury grades fqund in System C then an ,econoaic value has tobe determined on .avalue added or finished product basis less faetr 
Inputs. 

The annual harvest of, cocmmrcial logs'"represented thisin 
analysis is 84.42.Mcuft. representing.a 
gross value of 5,013,400 Rf.,
Production costs are.figured on use of labor intensive operations,.'elephant power and road transport by truck, • This cost. of production
is- figured ar 5.47 Rs./cm ft. giving a net. financial return of4t'551,623 Rs.- annually to forest production. It should be. emphasised

*that this concept of forest production is developed entireLy on a
 
management concept with'sustained yield production appliedL 
 to the
growth: characteristics of each harves ted species. 

The'preaent worth, estimate presented- showy only a part of thevalue.,associated with- the forest.' In. addition to the timber product
ion e.g. grazing for liveatock,. wildlife habitat and medicinl herbs..
These are readily identifiable and. to some extet can be quantified.
However in 'addition there 'are other components. whichowhi.le. not readily.
quantifiable still. represen& very real values; water7 shed, 'soil qualityand retention and finally the social value inherent in a natural rsource and national. heritage. 

a 

.Attempt wIlL bet.made.4a: the report progresses to quantify-

AX: ucrOf the resource: as. possiblat to. geve 
 .MM ratebzeta of
present value, 

Mile inta.tively- it. would. ser likely- that alL,forms of wild-.life have: value. whether. a.r eco-value. inherent -to the biological.'
dynamics of an ecosystem, market value, or esthetic value, seldom.is 
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this value quantified or even considered in. project analysis. The 

reason for. this is-obvious in that.quant1ification of' these values is 

extremely difficult.. A value may.sometimes be assigned to an eco

system-as a whole representative of a major production component of
 

that system e.g.forests, However, to analyze each.component of an 6
 

ecosystem, their interactions and. possible, repercv.sions due to 

edvironmentaL alteration 'is, a.tremendous undertaking, bordering on. the 

impossibie and outside the:.time.frame of this: report.. With this in

mind,, determination has..been made to look at key species considered...
 

to have'themost significant impact on altered environment or to be r 

most affected by habitat. reduction.. Before progressing- further- in 

this discussi= the basic premise from'which subsequent. anSlysis will 

takce. -place is. this, :. uinder natural conditions. wildlife tend to exist 

in dynamic. dquiLibrium with "their environment. . Biological dontrol. 

keeps, the' numbers of producers and consumers in check. with existing .. 

conditions. Alteration. of. the natural environment thrcugh.human 

technology will tend to cause%a disequilibrium.. This, disequilibrium 

will be felt in the wildlife couniti throug,.habitat- reduction and 

e. complete iyclir_ chainw.of Levents affecting species. composition. In 

turn feeding pressures forced upon the wildlife will be felt in
 

encroachment into areas of. human settlement at which point the, term 

pests comes into play wLth its attendant- costs to development and 

production. 

I is obvious from the above- that a. complex set of cause 

and effect. relationships will take, place', aa. esult of the. proposed

projects.. "It is also apparent that. two cost aspeq s will have to be 

analyzed £i..e. the, cost of diseq~*librium to the. environment which- can 

ba'termedthe. opportnity, cost ofdevelopment and the-subsequent cost 

to the. prolects; as a result of tbe. cratad.pest problem 

Inr alZ likelihood it vlL*probably prove too ambitious ev 

udertaking to quantify the. true.'.portunity. cot. of development in

term'of widlfe,.however the. technological, inpuot in this, report. 

will develop. 'the. database not onlr necessary to asess. the. costs. to 

the proj-ecv due to wildlife encroackmnent, but to Orepare co&t 

effective mitigation. 

The key .species which ace being analyzed to date are . 

,jO.-6 
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/'ELEPL.AZ 

' Lyn de Alwis, Director of Wildlife Conservation estimatasSthere are. approximately 800 elephant inhabiting prothe' accelerated 
•jedt area. Of- these'elephant approximately ) are located in. areaswhich planners have allocated for development,. thus increasing the 
'PotentiaL for coufliitb. Reports. to date have. shinow sustained croplosses, of up to .20% in some aettlemenv and' estate areas (Kantala± 
Sugar Estate, Village-keport~i). 'In addition elephant oncr9acbmenthas started to occur in Teak plantations in- the last few years. •
Losaes in Teak alone amount 'to. over 75 million.U4S,4 Lh (Ad1975 
ministration Report, Forest Dept.l.975).. 

J.is quite app rent that elephant are &maj-or-sourci of-potential crop- loss. in the project are. as. evidenced by previous de
velopmenzt Schemeg.. However eleqhnnt: cannot be. treated simply*pest. representing s decreasing nuisance 

as a 
cost over- tim" (assumiig


human=~ win the war).. Due to 
 the: high social. V'ilue (placed- onelepbant. througfr both religious cont.ext and conservat .'.. StiLnkal's: .-elephants 'are otr. the: endangered species, l t). "and, market vilue.Sassociated. with the wild herd. as. a. sourc for the. dmestic. animal.

work force, i. is- insufficient 
to look at miitigation,of crop loss.es assan end.point ,. A comprehensive conservation program mus.. bedeveroped with. the view that elephant be removed from area..oC-ccn-
h.i'and kept in preserves. that ar6 adeute enhanced and main-.. 

tained"to ensure containment and/or absorbed into, the domestic: herd. 

Ths-economics. of such a.- ventuke can be analyzed fror a: number 
ofYs.. One Is~that 'tha benefits~ outweig

thi'high social. value, based: ot 
h costs- iply because 

religious, grounds and preservation
 
negate& all. els. 
 -Hwever thisscenario to"au.siindicate, that:a; s fair, attitjdesiight also exist which would tend to.ognore
•th4 trueCconflict Cos . Another method' i to value. the elephantas , .econcmi. - it In- terms of supply' fbr"dmesic. stock, a. valuepruenltl established..at 60,000 Ras, (age and' sex dependenit), and aspotential. source of revenue from a tourist industry., Finally the' 
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elephants can. be analyzed in relation to negative impacts to develop
ment. These impacts can be measured as crops destroyed, farm settle
ment.failures'-and production land ignored. 

In. all likelihood,all. three methods mentioned should be used 
fbr eccnomic:Justification. . The social value to show the need for 
Conservation of elephant and preserved habitat, the economic value to 
show an intrinsic worth,. and the.nuisance cost to show not only the
 
cost. to the pioject but the cost effective, a~lroaches needed 
 to mti
.gate.. : 

Wild.Boar
 

k. somewhat different approach will be incorporated into the
 
analysis of. the wild boar.. Social value and market value will pro
bably- not apply here,. leaving a. straight-forward:nalysis. as to;'the 

pest or nuisance cost to. production. 

Wild Bear have proven a great nuisance t.production in that 

they- are prolifit adaptable. to human pressures, can cause great crop 
damage: .hrough .both feeding and rooting and are very resistant to 

control measures. While current data is scant concerning Wild Boar. 
encioacixoent on. crops,' estimates, on the Kantalai sugar estate show. 
consistent los&es of 207 (A.- Rajendra, 1973). ' Further data.will"be 
analysed- including a.mixtu-e.of technical and biological control. 

Ftsheries/Vetlands
 

BotL of these. 'topics will. be. combined in.this report as the 

4&-to. date link&.. them in. termaw of quantifiable, production im~pacts. 

The proposed reservoirs, in.the accelerated area will have a
 
direct benefit on: production.of fresh water fish. Table 3-4. shows.. 

estimated fish yields from the reservoirs to be 2570 tonned annually.. 
Since- littleInput cost is attributed to this production it can be 
considered almost as a windfall. The gross financial value of this 
benefit is ll,297,880.rupeeS based on a present average price of 
fresh water fish. at 4.4 Rs/Kg. This production potential of 4770 

tonnes annually (see. Section 3 Fisferies) with a total gross value 

of 20,988,000 Rupees. 
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1 

The importance of fish production cannot be over
emphasize-d not only' in terms of employment generation but also 
as a food source that ranks very high in meeting basic human needs 
for animal protein. Very few animal protein, sources are as cost 
•effective, to produce termsin of protein equivalent' as fish,.2 

Illustratjon.of this. point will be made using the 
net*f.3h prOein productio' po.tn.al from the figures presented
above, given 'that the' minimum per capita daily requirement of
 
animal protein- is 
 30'grams. (Altshul: 1965). If the entire- fish
 
pr oduct from the reservoirs is 
 marketed to the settlement families 
(estimated population of 1,000,000).this amount would supply 359,800.
kg. nat protein (14% of total fish weight) or about 3,.3%.of the total. 
daily .anim l protein, requirement. With. thE additional production
from..other water sources- taken intb account, the eisuing 4770
 
t .e& would. supply 667,800 kg net kg protein 
or 6.1%.of total daily 
aml, protein requirement. 

The.economic analySii of inland fisheries and Lts
 
v a' food 
source relatig o proper nutition: and, empoyment
effects:, are stil' in the. formative. atages-" What: nqeds. to 
 be' under-, 
taken. frim. this point on is• 

A); ' identify the dietary animal protein. P~ap r if any,
Rresent in; the- rural. sectors.- of. Sri Lanka 

B):. ,determine the most 'cost- effective, means of- closing 
thi. gap
 

C)propose. prograns. to 
obtain. this*goat 

lt.-is Lkely that there is, ; substantial animal protein'gap nd. that increased fish production will be. a high candidate to' help 
.'fiL, this gap as evidenced. in. other',countries With 31ilildr religious
eamndicmIztural -bias associated -wi'tlr animal productio,'nd. slaughter.. 

Sensitivity- analysis will, be- conducted to determine what
pro4uction', level& will supply, daily requirements. frzm. 1007.. down' to 10%
aloung with cost. data to justify a' chosen optimum. level of' production

give . technological, market 
 and cultural constraints, 
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While, development of reservoirs will increase fish-.'
 

production,. at. the same time there are.going to be downstream
 

effects as a result of the projects. Dams and water diversion
 

will. result in lower river, levels. and reduced wetlands area..
 

The subsequent impact on the wetlands (Vi'llus). is 

.cted to be significant. Villus are considered to be the 

-iighest resource producers 'of biomass.- This includes not ol'y 

aquatic. production but peripheral vegetatiVe: production utilized 

for. r& rg by,both wildlife and domestic stock This.reduction 

:.on Villu size~wi.ll negatively affect a highly productive food. 

chain complex.. 

.Presently the- total Villu surface, area. associated 

with. the Mahaweli. Ganga. and its tributaries totals, 10,400 hectares, 

representing a mean annual surface area of some. 83,200 hectares. 

(Sobezak).Combined fisheries production from tLese. Villus is 

50 Kg/ha or 410,000 Kg.. Assuming that- the. total surface area was 

reduced -by 407%due to diversion.. schemes and that fish production 

was directly proportional to surface. area then a- 40 . drop in fish 

production or a loss of 246,000 Kg could be expected (this 

proportionality is. a fair assumption due to the-shallowneis of the 

Villus). IA terms of. value at 4,4 Ri./Kg. this represents a 

* 721aOO RA. loss p r annum. Other value loss fhom other, organisms 

and grazing will be considered-as more data becomes .available. For 

instance, grazing potentiAl alone,. based. on a 40.7, area reduction 

could be reduced by 4100 ha annually .- the value: of this needs. to 

be workei out.. 

Meaures. such as weim..to prv,e t-:KeCX1 draineae -4:'._ 

be investieated.'as. coat effective. m of. negative impact mitigation, 

..as-well as, the 6pportunity cost of -foregoing, wetlands production in 

- favbr of cropping., 
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Table 11-.~ 

Size.) 
(2) VolGop--class.Z 

(Mcuft0 
4"-60" 


. ," 3.32 138 
Z 
 16,.27 678
3' 
 60,01 2500 
L 1.38 57

.2. 
 6;.00.' 251 

14.00 584. 
Totai 4208 

(1) Species Classes
 

1.Hamilla.
 

2. Satiz 
SHuLtanbik
 
Ebo r. 
Miflna,


3...ALL. others. (except wira). 
(2) Perceutage weighted average of species by class and size from.. iu"i Survey-Corporatc.e., 
 Forest Inventozy-, Ceylon 1.961 (Andrews).
 

Table.11 - Z 

Plotentia " 
Annual Timber Producticn
 

SizeGroup Class Vol. Sales, Pri (ValUe.OO,; 

W*. 6O 1424.42..' 
•Z, 13=.6 .66:60 9031

3' 50.00 33.15 l,.657 5
 

60 1P 
 L..14. 308;76 . . 92 ' 
Z. noZ 308.70 1,5490 6T3. 11,.68 34.80 406.46 

WIR, .255 
 9. 13 2.33. 

84.42 . . 5,011.7 
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