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Summary

presents a general reconnaissance study of Lake Urmia, including meteorology ,
physiography, geology , water resources and bio-diversity. An assessment of
the critical facilities for water supply, available within an accessible distance
to Lake Urmia’s islands is made . These include access to water, electricity and
transportation as well as possible shortcomings with regards to what might be
required for proposed construction activities. Based on past experiences, an

estimation has been made of the wildlife water requirements.
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Summary

presents common practices for rainwater harvesting in dry-land regions
which have been documented by relevant international organizations such as
FAO and ICARDA. A review of domestic and local activities with regards
to wildlife watering experiences has also been included. A brief introduction
is also presented about the most common definitions and categorization of

different rainwater harvesting methods and applications.
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Summary

reports the results of a very comprehensive field survey of Lake Urmia’s islands
which was undertaken, after all maps and previous studies had been accurately
reviewed. Existing water supply potentials, such as stream networks and land cover
as well as groundwater aquifer, were considered during many site visits. Detailed
specifications such as rock type, topography, catchment's dimension and land

cover were evaluated according to prescribed weighting criteria.
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Summary

introduces the most feasible solutions for supplying water for wildlife on Lake
Urmia’s islands. The proposed methods are rainwater harvesting from artificial
and rock surface catchments as well as construction of underground dams. This
selection has been made based on present land surface and stream networks. The
most reliable locations with regards to rainfall -runoff characteristics were selected
for an immediate construction program. Based upon site selection and project type
reported earlier, cost estimates for each individual solution were prepared and
presented. Typical drawings for site layout and ancillary structures are presented

at the end of the chapter.
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Summary

presents a special manual that has been developed for rainwater harvesting methods to
provide water for wildlife on Lake Urmia’s islands. The manual could be applicable
for any similar locations within and outside the Urmia region provided they have the
same climatological characteristics. The manual starts with rainwater harvesting
categorization and applications. The prerequisite studies are explained and some
of the most reliable and state of the art solutions are introduced. Design methods
and construction details for rainwater harvesting systems along with operation and

maintenance instructions are also presented.




o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

SIS Jgl s

doddo

By Sl S 1y0S g9y e yioshS Ggalee 1/FY D905 50 anbue b gl yeiS
B+ & (55550 (sblie )3 p8) ol &4 035y yre oo YO lyal )5 Al )b lawgie . casl oy
)4..9 L;J.;S‘).: o.)..\.b)ul.\fu).o| O"‘ 9 J.w)up JL»).))J.A‘_;LA)‘)bj\) L Jm u.>‘9;).) 3)1.0‘_;‘.:.;0
BT s s o . (AR coly 8ot 5 (,la8l153) sl (olsl calisin solin o ol b loiy
o 3l YAY 2505 e ool 31 48 398 0 )58 )5 (592 <¥gps 3150 O caxla y1o 9Ll
hal sl Bam g8y )3 (WA «s9800) 3980 52 3)ly 0)bigd By 9 w5 By 5l oS
D380 @) oyt 1 &S sl ol lise em 3l o0l b Sl (spslaer slag b

liad )Ll ¢ S5 oy O pals G LTIE Lo Ll 51 500 ohb O (oyslaes
4293 L0 o g0 D9ame ygo o i (gyll g bapls oyt Ol eyt 9 (SO jans
03B Sl sl Slusl 4 5l 038 wlidie 3 hb O oyslaen oz b sl 4yl
1554 gyl sl o ddyo 4 oyde sl cplplo oylo Jlas] slaojlu § (gjlwoydd
355 Selsyan e glatlato « sosldl Lulys oS Wig e abolio « 555 dalllas b il
sl 4l awlie b 1 SSle

aS uu>9 C"Lt} )Lz.’ dyge oy uT u,uob AW d)a’ién.} u])b uT d)La.o )‘ US\“;
S clold 3l g dtwd g ol dxbud poye . cawl ol n ] Calisce (glaygiS)o

WA




¥

4 pSinle 9 ) sl o bS5l (gl L0 ) il wlblsyl 5 caliseo
aalice . Wl00 S (SaS Loy guieS dlazBl 4o 4Vl Yo b yguleo Wilodis ( Bymo Calists (glayaisS
}\,» L;Lmdm 30 (Tl sbedls 4 &S u.»l.....S L;l).; ulf.\.});» slales ckLo_})'l > ols
olaidl Jusly sy ols 4 Blasl Giohdl b . cwl 48 1,5 dsgi )90 A5yl0 ABMe
L(boK..m.») Cuxog dgal LS‘)" U‘)""\"’ 9P 9 ..L»L»L;o u.\.").‘il gAu.lo)J (e d)gw.))f LSI)"
Uig b Ods gl aS Sla gy 5l (S aiS e (0 cilisee (ol SuSS 51 ooliil b
JoSo guie SO lgie o Ol Jlastiul (ol pian (g3lloly 5 comd canl osis ool yxoS
b gl oolazwl LB glad jiolidl cos wslgs o dbgiye lpde . caunl wllags (gly ]

ohb Ol ol dlowy & 45 090 0 43S Sla et 4 b O Jlassl (1o piu

Oboby i g LS ey demeS el & (L sdas )b 3l cazdl o Blasl yumol e
oo & 2995 o0 7)1 oyt | e g 525 ()L o8 Ol e g 08 QUlgy 4 Jous
e sl 221 gy gblie ol 53 3y 3 o Jlasciol (sl | solizul bl
.)).3)[5 LS})?Li‘g SR> 9 w.la.m.Lé)b LY ‘3‘))§L§°)'~’ U‘“" dl.w )‘).m Foeo o Ol)l:» u“. Jl..a.’xm:l
ol (bl 03g) pgusse 0hb ol 5yslaaz 55 STy 5 ool Ol sh 55 - sl asls
oS gblio 5L 390 Ol e zobw 4 ohb Sl eglin b Sbly @bl o (solaze
o ylojle Laes codliiwl 3y90 (sla— o5y (YL dij Judo & N0 Jlo 3l J3 b . aiuS 0
SolS s 0 ol 5 e Lol eiztlas ol o Jlascil (sl s jl oolizel & bles
(o9es Camit 33 .38 839) 0l ol Jlasnl 590 g solel sla by Giulie g Lausa
5 03505 syme ol oo b ablie gl Jls Ty Y410 b ¥ore ol Yoot Jlo y3 Jlo oylojls
gudle) 13,5 yxe Jarme Cany LS 9, l0b dawgs 4 sy 463 inte Olgie & O
O Jlasial 5 (yglaan 390 (g Ol izman 5 pls B)lae « Slusl Byl rales

1- Malesu



oo 1Sl dans JiSo i oy Wlital oy 50 Jlte @lgis a5 (Yoo A Copgula (050
(N.A.0.5,2001 ). 001 lan] (b o Jlaseiol (sl 4 b g3 o il 5

29 Sl 5ls )50 Ol S 0l (sl Ol (5ysla g l5 51 i 35 pel iy 0
(Yoo ¢ oot o " lowlyS) W15,8 o el

sk 3l Ok Ol e (gslaes (slaby; 4 ol ol Jlasil (glapias ¢l
ul.»‘”)‘ oo laswl 9 u_’x'a.m);) L;LQM IR L» u_’>da.~:).’) Lgl.mg.j JL&.’?LM.\)‘ (S Guan L’ u;u..]o
3505 0yl _iizo38) (slms glsil ilgusy 45 ¥k 51 Juol

gl Cgizyd sl aBS sl Olls) (Gpslaen sla by 350 50 (39050 lalllas
sl (P SO iz olyen 0 (So 8 180T (apg> ol )3 oS ol 4B S 90 (glaalllas
(Ve T ) el plaols

ol cqr Ol 6yglaes Gl Sos8 Sl (slaaigs 1Y+ 8 Jloyd " Gguigaial g p K0y
ol Copmde 5 3o 0950 olyen 4 canlio (ola S 5 153, ool Koyl (cholgs yo g
o epnols s LS 198 35 oebamysy (sl 31 o0lizsl b oLyl 45 1510l 2y |y Lyl
L)"')‘ S Gae 4.’..\;:.: Lfl)'.’ U“}"’L;" Cj)'.’ Dg‘)l& Gl o oolaswl u_’>:.|a.m).a) L;Lm.m )l Pb
LS‘)" ‘) L.j ‘u_’xla.m).a) L.j 0y c\.s..\.:u 9 Ls:da..u).») ub)b J)....S l.> 9 3)5 odlasw! Lo 4.:55
NARR ‘O‘)K“"b 9 Al)_’)a)w) dged °)-.“.-">‘S gLy Lgl.mabli’b.u‘

)_’).J 4..'09.’:-)3 Ls?da...:):») dL(bA.w u_»l.»ulguo LY WA JLA )9 U‘)&“"‘b 9 L5‘>‘)'°)"-’ Ol):")‘)
<J«.§ dg>g ple ()_a.bb bjm)w S 9 o g,‘_‘l)j 9929 (ewyy wl)b Jq‘:\..}‘b).»):»\)n
SICRIN ZRET PN, IROI-PIPS LS U FOWR PROM KPR ISR JUNPARCES PRYS
Olis 4 < seloinl g eolatdl slalas pprizead 3 Caslagioll ol 5 J5dss b alag, ;o a8
33 00 plool olllas 1 losds 48,8 145 15 xdansyn; (sl b5 (slaylino cpagioge
odlatal b o) 3 oS 5505 )Ll ¥orh Jlus )0 hlSen " 6505598 lalllas 4 0I5 g0 350 o
sl S0 Sl &y onldl 5 3155518 oSl (gl osi, A« sleylsple ysgluns 5

1- Hanson

2- Krausman

3- Rice

4- Brigham and Stevenson
5- Santos Pereira

6 - Forzieri

VO




A

dbo > OhlSen 592y rizmen . cunl Aoy (dnejg) 9 (Plavy Lo 3l eslil (gl
3590 luwgdin yoiS 3l gladlaie o 1y Ol opsd (glp (awy sladw 5l eoliiwl w3l Y..8
Ol s el Sl Gy (s Ol o 4 Wy s ool 40 9 23015 ,1)8 (g0
ol azild

4aS ansgs (S50l a8 ApeS gy 4 ol e (Sloyuo s ) elinal 350 )0
231l YA ] allae 48 3405 0yl VAFS Sl 30 "(CBCS) (g)louisyuw 9 Lol zdliallSynine
-23las o 0350y 0l puiS 1308 )3 (lalato yo | deyio ¥ (5L (sloyses

hel) PS5 "l Sloyo polaw (agh (1A Jlu o pllen 5T K5y
s 33 )3 (eadss GBI AAY Jlo ) olylSat 5 *5lg] 0514zl canslio o Jlasas
h 55y st 53 SUls) adss s 9 0313 Jh8 (pn 390 ) TSy 5 sl sloyeo
5l yrdun

Jlazcl sl (o piuns 09 b lpl )2 &Sl 4 25 b g 00 )3 CJlas & a2 5L
5 9o Joallysiund G 3l sl 000, S5l g cippas (g Sl o0litl e bl
g5l o (b 31 wlgit b (Loallygand i 35,8 o polu NolS o0 liaol ol
23 )8 yye 50 cilod 005y Bblie 13 5250 sl S ol slajls oS ggo0 &)

sloygseinl el o gy erpmslie Gl g (Sbole 090 ol Jodllygind
Jelo 9 45205 9 iy 390 Bayguitol 4385 e Db sl ookl 4SS L) g ol
ccawl 00l ,3

bausgs oolal 9y50 ol ol gy g Sl Ol ol g AnS oy Ol (<l
sloassS (S slacglisg plrale @) catlaio 13,01 (slaaiss g5 g oluas 2 Llge>
S9290 SaniS rizen 5 (LS (b (S Gee g g8 caihated (b slagS)l e
258 )8 syt 2390 gty &S Caampdylgo alo 31 bl T Jlanly (glwoysd  Jlameial cax

1- Raju

2- Commonwealth Bureau of Census and Statistic(CBCS)
3- Leibundgut

4- Granite

5- Gneiss

6- Edwards

7- Regolite

N\

2 A‘



Ol golio s Sl (slaylSaly g dnogyl 4z lyd ol s £55 30 St Il

=

9 .)9.0.: P> g o leJ)::)JT Ao g> Gl Q9w o ul)l.» uT (;‘.'BL:).) st.: 45@_3-‘.“...5

RPEsye ) dlate £l uizman 5 of o 5 apd Slih Abg> S g colue oy
9 Gl LSLDM‘.A.: A el)a.h g 4.13-).0 L):’l)‘))"" dilaie 4 Wy &L&yb‘) . Cowl us.o.n .))‘90
338 gy Wl om gl g >

Slblos o (gysbo 4y el Ol Jlasetasl (sl gy solo (sl (SloditsS (et Jole ey s
& T ey 5 6ydpdois el a8 13l o QUlgy= S5, sl 2 ol A9 oo
& Baas 203l ol -390 00 0y llgy e a3l b S o 4. 018 o e |y JUs S50
3390 53 Logase ol gy S o0 M (1alS 429> )3 3985 5 s gy el 3l 9 29y 0 Ui
dl.bd..»LoL» cw.»xo dl.mw»).) . Cowl mbl)jlb)l.:.“u d::LG Cﬁ"a‘“ﬂ d‘o).’x.o c}\a.w)l oolaiwl
sy el w5 cud b bl ) o Jlo ) s 5508 S8 ol aos>
A00AY O Sjauela g ) Wy oyt (gys00 Sy ol Abg> a4 basye Gl Jlasul

oo g Ol 5 Ol 53 Clidl 45 g (sla IS s Blod 3l 35 b @ ooy
sl g0 ABL e (S s Gao 3l Ol ) e &S (SlasS gyl

O Lol Argw 99 .))S.Lo& 6‘)‘.) JLa.’?c.’.‘.m‘ [oniinsd 33 b.)L">)'l A.Lob9 (e yand dbo‘))ﬁjb
dlbo‘) u&o)., 9 o)l.’g- J9>9 gw &3}' cdilaio Curog g fu>g ul...’> L:ca.ﬂé}d 4 Aol aS lixo
5 ddhato 4 glol (uuytd 5 (S0l B 5l Wl o bl Gl Gpslaa a4 oyt
5 oR8lss by 9 atlate & g oy 503 (S jl 9 A8L (bt iyl Gl iy b K8
e iyl S a3 |y Gy Sl 3l el SUS (il &S Sl 0)lse )3 Sl o Yo
5 (St ol llitn)lS L5 @ 350 02l 3> (2l B g e el )1

P Jdgr 9 g Sl
dilais (g Sl (w2 -
g olia by ooladl cuenl b claaiS Gl car 50 (upie sl L2l 4 S
35 (st g5 - daiS (o Ll s 53 oo (185 lilgen don Lol iloss (s sk Loy
1. Tauer & Humborg

oY




Yy

$931h ohb f yglaes slopsuns cuddgs plpli . cusl pruwsS] cudls slayas L
35 0055 Ol s BassS 31 plaS 1 3l b g iiS oo oolisl bo 51 a5 yloasS gl

oS Sl )3 ey Sl Gla e o lbd dese 350 53 GnSeread plSin
e Jlo (lsis - Canl oo loans 1510 31 0 Bay 4 sy s G o oS layeSB
ol oz 31992 90 o S5 (bl 9 g5l (S0l 0y o3l s )50 ddhate g >
ML)L;O \))‘9,0

peyad & iy ol ST Ly 45l sgseil elisl s bl of Jlasl ce
5 (9525 g ;) Loyl ot 13 sladisS cuwd and 5 B 5 ohlwbuy slaass
Uiy b s )0 Jol o8 g clis (ST Al dgs . il oo 0 cbslas sladsS
adlllae 3yg0 dtlate ;o Lyl @jg5 5 asgS WSTys g olaws ygn  Slegioge Silo a5 cuwl ddlaie
(el s 13 ladisd) disumd cuen! gl dilaie 3 &S ladisS yad e ABL o
435S 5 9 48,8 90 b anllls (gluinl )5 (ose b 9500 slaaisS ccblis cod sbhasS
238 pllladisS ol copamme bl colled

5 090 Ol pnels g jgeito] Slis] cunnl A8 yrdoy dilaie 550 (514565 £ 45 43 o
olydlolaws an pa 1 0)ls 368 (gl yo oagen s 43S 313l Bl B\ 31 camsl 5 s s S
erlplis - Casl 5t posedal Coanl LBl 5y g s 3l 30l y3Setsl bausgs &S 558
b o w0l Caanl gy dnlllas 5)g0 dilnaio ;0 4368 2 o181 lux g (gliS £ 935 yapns

5 (Sis oot )05 (o 35 3590 o el g dlate )3 95250 sl (S5l
oS Jygo yd bl oo i 00iiS 5o Jole oyyinte O S canl )3 a0 p5¥ 508 18wy
S Wlo3 o y95uiol bansgs O aoli Wil 00iS dgue Jole ddhaie S 0 4368 S5 (sl
danbs S5 U g o las] 3539 e & atlate S 45 (gla3sS 31 Jlio lsie b .0l (lodgtn
ol A8 sl jpian (BN )50 1) (B adsle d92g pas e 4 b g o ylon
o 5 ddlato ol 30 O sl @00 30 115 A8b o B30 5 S48 et () 4S5l
30 30 0diS dgdzme Jole cpund 3|t .l o Dgdme (6,500 el lawgs 4368 jgian
o5l 4 gyob 4 33,8 astine dibate calisee (claasgS ol 5L Wb wsb Of Jele o &S
gy ,503 gblie 4 395 5Ls yuels g 5 AL yeShe (claasgS T 5Lo eaiiS yuels Slas]
39,500 sl aigS b 4568 31,8l coldy (yliae . 3yls oglgl wyls o oS Josts cyud oS ladseS



58 i ol 035 Y iy 30 38115 sy )30 b 55 atlaie ol golie 31 0l
alsis 4050 4 S a3 )0 wllan @pso 4 assS (glajls el can Slaes b
Slgiso el 3 s o0litol 13yl Lsogman 52 b aslllas 3yse (sloaseS oS Lablio )5 Jlo
oo lory (U155 9 BAS Sy e dilnyy plosl ) 455 Saie otz (g0,
@8 dalllas 350 (SBLS &S yp0 50 05 sy Wb 30 Ol i 4 bcwss cax
Sy b b g it ulas oleS 4 Cons i S &S )50 50 9 2500 iy o 3l 590
@ o)y 4 wlgn e b dged iy wpb 4 Suop |y baygsuiol uob axsl dwsly oS
bl axsly awyiwd gblie (olaygsei]

S glor 3,5 1,8 42 553)50 Jarme Cnny (glygiSTh sy 0 3L 45 (6800 oo ole
@Bl pols ysbo - caslag e @50 ) ablie (o iy 5 alaie )3 Jgene J1oySly
ol D539 codl> 4 Suop pie dile laume Jolge (wyp ab o Jla] Ol Goyb 5l S
2 090 ek Sk ygo 13 SBSIL 5 Jaw Joxe 1 (58 pas cplge> sl
el cde & a4 cuwl 39390 iy Sl KB 0u8 a5 Jaute sy (Sla sy
Dy adloy ol 4y JolS g 45550 £ 5090

5 090 Ol el 3 3l g iy s Sy 9 Sols 0y o3l -

31 islite yoolis T aizmad .l @glite Gilies @blges (clys S O Lo ¢lieo
&5 () g Ao By (s <o <0y o) (ol @wlie & s 2 |y 53y
a3 i |y llges (elbogyS b caslito gl colgiuny

682 1y goye yraghS yo Olges Sl & b josetal 2l g je3ial Ol st pBin
e WSlgi e oS SUlg sl ly colue (ol g 3905 A2 g MS( 0 (b e 4z 50
i 1> 353 9 31> (508 Sy oS Glilses (sl 9 S el & g ) 55V

508G 5l yegiS /5 D9 Juolgh 4o legas blis ol ol slaply 5 plis] copie o
(s yieS Jrolgh laglS claygseiial i85 )18 v S5 L oS sl ol ol Sl - 39 0 o
3 b ol ISl prizon g o it o> 09 IRl il 9 S 0 (Lo
b pualS sl O olie 31595 (6L e wislgs g &S Sblgws (sl (SYsbo (ol e
S b Ol 3yl s o (gl qoye yroghS ¥ JIY/0 silgs e ]y 4 Sy olylaslins

QY




b

JSa WA 2 00 Sy oyl
B YA 2 50 atn awgze oyhlasliny
S SEBTY 2,00 S8 ly5biuy
JLSR AYA-YF 52501 by g ogeliyy atx b By
S TY 2500 OblecKasus wile SasS By

(VeF cohlSan s 'S ujor) ©bls (slaog)S sy lapssital (ool s - Jyir

WA o Jlte plsis ) Lsd Aooiry S5 o olke 5l als o baussio ol b oyl
o5l S adlaie S S¥ LYY j2 0 sl yigs S 68 ki (gl - (Hg5einl SO )l
g )8 jlas )

Sl sy sl w5155 0 bl St @) s (6y0d 5 i g galiey Jlo lgic 4
S Y05 55 (S5 wils5 o 050 5 ol (e yyeiiol s bl WS (o ) (65 Yo s
B YY 52 355050 b baygseiul 5 sl Sag8 ) lms 0Bl St (S5l o bl )5 a8l
ol sl ls3315T OB 2 sl w15 sl 45 39 00l 1 ,iSa £F

AL by =Y

gl g 5 (ALS (absy 5 e (b CUlgy 53y 2 3Ly b LS gy
29 Gl aBly )3 2930 (Hrdaw o33 il sl g (xdaw CUlyy JeSui 5l wle e
Pls) o 4zt 53 5 93,5 o (rlaws (ilusensd g S8 talidl 4 yeie (LS gy oSy
WS o T alS

ol ol 9192

5 3 0 Casby 5 lod Sl Syl Jlshd o s lade sl e anlBl a8 Jalgs
0952 ¥b g (5L (e g (loj lsaal Sl Jdo 0 S dos g Suis 3blie )3 55
ghe ca¥l (b jlade oo (5L 2S1ax 3yl ¢l slajrall ao plie SN
b o ylgd g cue QUlgy 9 ()b e dasly a9 By g s

PR
S dog 3 Sitd 3blie o O Jlaseiusl dilols S bbb 008 yaans Jols 51 s

1. James C. Cathey

N\

2 A‘



& dusy g0 o g 43 08 ol i LBl 5 098 0 et il 31 2 Tl s a8l e
lpis 0aid Hlas s Gliae ] g b 0 odi sdmline Hlade 1 oS Couns len
b3S Jas )3 Sofelayiad Ny luloee ) Cunl o & sl 49> 55 b, o

b -Y

s oloj Ko Jsb 53 48 sl S35yl o« Yo o cymes &S lole 5l S
cooalBl b ibolie 5] coglize (St dass g St golio > LSwsyb sla Siog -8l o U
o« olatols 1S, colssS o)leg Y i sl olio el y3 il S yobo - sl Juins
@ g3l il Slee i b g a8 el (Sae Al ()b liee - A8L 0 site SllE g
ok 5 Iim c lalyd ] Jlasetol ol Sy bl (gl .35 absie 5 cols g, IS yobo
Syl Bolgw & oyt 2l 0 )l0)93 0 VLo ()L & o (Gprien cuealsl ()b
@ gg090 ol ol el Cgllas sl Ol Jlasul (laz )b (3 4oby o Slale b Sain
o 3lasl oy

ol Jlassl wllas dox 5l ol gl sl bl g baggasly 3 glus sl
S 3] sl S Abaze ol 3131 ol 3L 3y90 yaso Aate S5 3y90 53 iyl coledb]
45 ysblon A8L wslite Sy (slaaslssy) (slaasss )l s Jolts So o8 ol dog>
sl abas S5 (sl Gl Lol oaimd s bl bugs (b 0ad (5yglgen el
COMY S gl g ) cunl 3l 9)90 adlate S @ (slabats ()b s e (2looby

ddlato 55 Oblgy - Sl dlasl) s (sl S slodlo (S50 LT 352 aptand o
88 ablio 350 )3 Wlss e 55 Wl (Sl bausgie (ol 3525 b sl (00 aeiio
Oliee oyt gximweshl 5l ooliol b 3,8 )13 oolizsl 3yg0 <iss Ssiyb 31 coledl]
0 xSeyll jlas oy50 atlate ) 1) wilisy sl Syl JS L 5 Sphte cla Swyb lue
Slp & o jogasr & 580 8 solatwl oy9e B0 b bl o (5puS03lusl slasols
Ngb oo by w2 gle gblie (slaosls sl

Sk Syl (owyyt -

dgis g0 4xiS dilaie S (59) 2 rere ciloy S )b U ) b ylude 4 )b s
51 28T el g pasls (Su,b was ogb olomm/h gem/h classly b wlys o
S oe s 31 5yl dsliasl Sk s eyt 4z 1 cal o lyy iS5 Jloz

1 Linsley

(g




v

20,8 eolasu] e )b (sl ol (glaoals 3l g3 oo yakate s g punad b

Anlg 30 Wlg5 o g 48l o 3las] )b (4] 55 4 34 oo ataS Sloj e 4 ity b loj e
lsice 3 1y (SHyb e Jsbo 05 olo ¢T3l Gua b g gloy e 4o diay aiBo by ccls
@ ol (gilwdnds o Jde )0 gl (20 &S Lul51.0,8 pans miw sl (slaosls 5l ool b
2031y oyl 48 ol8ia . el 41359310 YU o] 51 Ty ¢ Canol dstanly  S5,b e Jobo
5l Casl e 50,5 s b 45 (S)L slyline oo el s

sl T Jlaxn] gs5 5 Lansgio ylons ool Jolis 45 < JLus 15 o Siiyly slas m

Jbe lgie & g oo 488 astine Slej 83 S50 o)L eslada dlaas 4« Sw5,L Jlglys
coped g Jlo i )3 3k S el ez o0k S

b 555 Slslyd Juloxs g s -

813 e 5 6 glis Ml L o L 1o ka5 g S5 Sk
e bl ol Jlassiul @liazs ol s Sly (S1b w395 Sl s ol 4 2sb
VSOV Y
leb’i” oS L;J"’)L’ ul).m S 051& AV ~-¢\ML’L;° O}l&.m aliseo d.lol.m 29 0 S
ol gl ghd 5 bl b

b 58y Jlaxsl g 43S )5 )b (Jlslhd 39l 3o Wil e )b Slsld Sl gy
Wlgige 5 Casl loy b atgey e S il 10,8 )8 oslimsl 3,90 0uil 55 ol Slshd 5
ol Jelos 5 4525 ol Jlasil slagob ly - abb jho (s5bue b 585 (g)ludo o
ol 35 5y90 ilale 5 ¥l  S5)L

Oyl axyd =¥
9 ypolis il o0 o ol dibain ;o @Al 01imd iS5 polie oyt Sl Syl 42
BSs255 Cuamog 5 dadiysd ol e 5 2l (oye 5 sbo gl eiag 4 0SS Jelgs
5 (B o093 wle) (Shsloyien 5o a3 o Lt |y (it ;S0 aithaie & (sladhats )|
adhaie 5lod Gl Sig (e 53 ol @)l 423 @b adhaie 1o )3 (ULLS 32)) Shslon

N\

2 A‘



=

o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

calys) Lo g STus ¢ JBlas cailale (slo ySilie ol oo Lol (slayzelyl axlllas 550
3350 b8 anlllas 3y90 > 423 llae Slas 5 JBlus (primen

(o Sogby -F
blsyl )0 o8 casl gpolie S0 51 9o 3525 g )0 T )Bo ©y90 ) & s Cogh
Wlgd w2 dlg j2 53 39290 Cugby 5l cusl clie 5 )15 )8 )b g @yl azyd b it
e o ol doyd @’L,JL@ Amd (s 395 3 @ylys amyd )] 13 Wilgs el 45T gl yiSTas
255 Olsze gl ) pogad & litlsn lalllas 3 dtlate S (o sy Oliee Sl

Oyl Slghd cuenl ddlaio S (Byai g

conilishs ol -0
53 Jlassul 390 adlate b olSe g aslol b ccoldllan ;o Wb 5 onddl elyss 3
SYob ylo e 3 S ol wliidlgn ooty plys il asmss LeglS b auldl .09 415 S Jlas
o153 4l S5 phunesl banwgio el 9398 0 sl 422 (oldls cosBoo b gllas o
550 calises (slaony g e b g jlad ccoghy ( SW)b el 4z S0 ol )
9 s e 2l (25 5 g dislo lelge 315 s 45 W9 o oguume 2y 5 ol polie
w38 Bl ol 2 35 150 (sloodgs § 05, o 5115 o el 51 gl yo a0 (S055 b (699 < sy
g2y ol Jol> 5 Bpgl o 2925 @ cilises slaplSe 0 1) (ol 5 Ol WBisl g el g
by 93 Jolis a5 )05 g2 (s3axte sarlBl sla syt - sl g 5o sl ol
9 (Bl g coly co b e oiylogs oS labyy plas) odldl ol g b gap IS
bl e (oyrel 5 BlSpnla clioigyal slagioxio 1las) orldl (slayloges

T &lho 9 (559lg

>daw oUlgy )

Jol> Sblsy (g3lsopd 3 5 ludo ass (g5)  pasetio joyl ds> 0 (Sglyiem by
Iy S ol aog> 33 S5yl 2,18 o 3l ol Jlazeiaal (slailobu > Sl
ey yd g (waditma SUlg)) bl O Jlasl (lys 350 (SW5,b 23, wans (ol 3> 93 4
51 455y lee iy ym polis o

o) a5l s




AR

)_»).J dbg> LSLQJL);).) AW b).:_">.5 ui [ ]

() o9 g0 48, LS Sy g ¢l bawss (e g 4 ey 5| S8 &5 ol m

slooyed Jlis & el Jlo 35 slooygs g 3yl (alate (658l (Sasyb e3)lse 5 i 5
i e JluSits

aiog s (glal 3 39 o bl iSitS iyt 45 by« Juaetas] dilelus Sy
D5 b (S 4 Sloj 3100 Gpslae Al o AL A eyl 45 350
S8 4 )b (oles sy o gLl s & s oS (0B 5 3500 o> 05 a0 35290
“aly IS Jole o bl o 92 oy 5 WSl 0l ey s 50 Ul
o

S ol =)

(b5 cy2) Sl ol Ohb o (o g5 -

(sl 4io53) S so o 2 ol &8 (sladlaza ojlasl ¥

LsLmaK:M:»l).) ;f)}..,}:»)j dl.zyd.:oj.:- O dud L;l.touf:)l:a )'l J‘"l" gblg) d);o)‘bdl 9 o

S Slogas pere sl Slohd s Se (st i 0)lal 5 ol 5l i & psbolen
oas b ol Sub Ysene Sia bl o nimes O Jlasaul sbasbls shb cos
bsin Jb> )3 slaoslad s (6l - L9000 blg) JeSuis o o8 )b Jsbo 9 YU
Sk s G L (Sl o i @5l IS g el ghb @l gl b cslize
B g 2350 4S8t A o (6ladils 45 298 0 o Vb s b ohL ()b - b e 33
f"”?u““lsﬂl} ‘5).’..\3.)99.» M|J|)39.)9J:)_» AW w)::) ul).) ]a.wa.’ ﬂl:-a.\a.mc)ﬁ9
Yo was b ()bl Jols Qllyy lase ()b )lade sl el - 43S 0 Iy (221331 GUy,
b g0 33k e g a8 @B b (B b GUlg) 5l e Hloww o5 e

SUlyy cupo -¥
oS WS o cyme 8ly )3 9 g0 Jrol> (S ey Ul Yl s 51 CUly) oy
b gg3aile (gduxte Jolgs 3l s GUlgy 00,8 o Juas Cllgy s 0005 &y )51 lsee a

sl (ley 8 2359) (b Slpogas 5 (BLS Jbog 95l 405> capls A gy

N\

2 A‘



o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

B lse lot 45) 25l 0 0l bl &S (b g 5 0 a5 b bl 0 )b o ey
el 00 0351 (V) Jgd> 53 00lo £ 45 aix (slys c(awl Jlaseius]

-/30 /Y0
«/20 AL
«/ANO AR
/Y /Y0
/YO /Y
)5 iR
e /0
/N0 «/\e
/WY Al
LYY AYS

(vaay <o|)l$n.h5 vu.:“ Cs ‘oLh) Caliso C,]a.m ‘51)4 L.;L':I,) Coypo =Y J}b

4315 392 90 o £ 9 o (St (63> b 39 0 o5 Dby 4 &S b 5l (gl
4 (595l o> 0 35y 0 Ll Ay (g3 grlans ST ¢ smspo yio N+ gebans S y0 Ut i
ol sl csd SB (gle a4y sy g S b b e o 2] S1.058 Joas SUl,
A(VorF  O)ySa 5" joun) duoys doyd VO & S Tas Wilgs— o lade

15905 o0litl o5 (g allas 31 lgi o adlato y )3 03035 B )b Ol dssslone (gl

Uly cappo x (goyayie) 5ol sa25> ghans x (o o) (il = (GsSio y2o) 0253 o

o 35290 (S35l 4 423 b &S 5ile T3l 03D i (sla 4 e Jserd ol

1.James
2 .Haan, C.T




V&N

2 bl Sl pslaen ca 5Ls 390 o coles )2 5 3505 (ol |y 208 el b g oy
3905 e ) gy (6y5laer (S1a i
g05 424339 o0t (11U yg5in] 1Sl s oS slodlo g o5 o b SLlgy Copin 3y50 50 :aiSS

adhio 45 39590 uTé.:lm -y

1S, oyl iy s 51 B |y iy 5L 350 o clblges

g e Jol> Gl oot il 4112 (slaJgSge puusis (by 52 4 - Sgplio ST -

oS8 (1468 Jlio plgie 4 -ty 0 g o 4 213 g0 s yyko 5l a8 o -
SIS (e ool plasl (5o aS canl dels dlge duo)3 V0 4 ol Moyd AD 3945 (prickly pear)
3 bl o (Canl o1 O dgaaS a8 Lls) WwhiSs Cpe gt ) (collard peccary) 1S ol
S o 4S5 ogiSTS ol (slo S 50 992 90 Ol il des

sisle 298 I3 slge 15 39250 31 (togs 5L 9yse T35 0lesslsl B 51 5yl

390 4 canl i baysseinl g gl o Jlastis] (sl piums 3143 5 S0 i siun Ca
Claald gy ygo 4 Wiy o il Ol plie .33, s dslllas 5y90 sblie 5 (BT ) Jg
)l C"L"" U"‘ W .L..:L» d¢> g0 4\.&19.2.@).) Ls°‘.'.’b9 L;..aﬁ LSLQM l:a 9 Lmol% (L;o:"\) 9 J.aﬁ
b o5 5 lnanlyl dibato _31Syss5 it 5 0olizul b sl Izl yskate ol s 3905 03lizul
Lol < o2l g (lad sladnlyl s Slase Gladjl b o § st |) aslllae 590 4og>
g dais baslsogy a¥le 5 tlale bl (lise 3505 oSS 1y (Lad g ool (lodais 5
Al o caedl Dl Bun ladssS lansl edgaze 4y i S5 5 (550 4 ax g3 b laols
lots S 5L 51 e g5 oAb azbld 3929 ol ki aalllas 350 adlato )3 oS 550 )0
db 2 a5 )13 2929 (blis &S ()50 53 905 (yals laJore el 31 (5L 3908 @90 53,
3935 g 33 cpited 338 pnd bl ol Wb wib o iy ol solatwl 3y5e ol
5o o laaseS us 4:;,131 cde 1) canl coglyl o bl ouisS wob wldllas a5 Syew jo
(SHdom Hlse ol g (53l 5 5l deabo b ablio (sl STy jlas



o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

=

< glio Cunls -
Sy @ s @l 0,8 )18 42550y 50 30 iy Sl e0litsl 0y90 ol golie S
@bl 51 5yl 4 ST a8l Glusl Bpan 350 Ol line S Ll jl a8 sl ol 4 5ls
o5 cersSils sl Lol 4558, o oo e a3 yicigms (sloglsl s T s 45 g0 1
s Caams p il vy Sl yetl wwd o &5 0l an b pslaen pBn T (bysSL
315 Ll T4y e SUly Gy bawsgs Sllye> £ 3ue g el o 55 058 518 )Ll
Sge 5 lssloss chlisee (slomusl) 5| lom (S35 syt pmolie Jore Slgi 0 Sl 295 0
S o o 53 jaaw — ol Sls dnasg oo el JN 0o 4355 4 039l a8 08Ty Ll L sl oww
ik 5y ysbo 4 b b ol Jlaseal ¢l Ol gy anlgs ow (g b (gl oS
ol Sz g 28 wulBl)3 009 4 a0 (Sla el ol § Sl 3529 pas 5l Gl b asgs
P33) 3390 53 )l Do 35S 0 )8 4255 350 ol (50 3 Aliwe ol & 08 Jols
e O cuaS clasluslunl (¥) Jgus ccal a3 S plool g s cqs of cuins his

o-T (el Slo)S ol ) 92 (LIS
IV25 ARV 1 MPRVA SRV A S|
¥ posb
V2 RANRY ARV N4 posedls

Y2 PO L PR p.wlS“
VOeeo " KNS

\A‘\“\“\‘ F?)s
/0=07T - /00T oo
\ _‘/ 4 ‘Yb‘\“\“\’ .'\3‘)915

o7 ey
./\i‘b‘\“\"‘\’ U)M,

I LAY St ogu>

1 - Steven

VY




Y

\ FOFYY CJ‘ - e
.. |y
\ FOFYY - - .
. oyl
'/"b FOXYY F ".
/07 0,45
Yen 7T ligu
vo' (0590t Sl gus poluol 1) dpdlgun
P ST L) Jgloe dol> dlse JS
VYO YA “9

1-0,GaraandYoakum (1992)
2 - Runyan and Bader (1995)
3 -Dupchak (1999)

4 —Peterson (1999)
5 - Soltanpour and Raley (1999)
6-CCME (2002)

Oty ol a3l 390 Ol i slaialy -Y Jgi

sl aznly 5 A Slasgas 4 @ad & Ol Jlassl gl jopl 409> 39 caslie
29 g0 atiS (39 o B )l aseiie )lej ) 9 D e o 31 48 o ade 3985 e
290 S g5 55 Ol 35k i) (e sl Al o (Sb (slaslo annd b g logriandeds
Olyee 381 4 y2xto 5 43S, o cdiablona |y Do prans <oyt (LS gy - 438 15 00lanas
55 5 0 #h alS slaaty) 4 )50 ) 5 0 (Sl S8 e 5 o (5)leS
sy 31 syle I S simd o Liahil |y Iy LT 36 cetpus hibly 03,8 Iy ryinS
239 ol aimd o )8 ool 3)50 maitins ysbo 401y Hs dans b hlad sl alS
g o B 40 4 Ol 3585 51 wle g wiiS o
Syl oS ol sl Cogbye slo s 5] ey Siis slo Il 43 395 As) o
ST Soried b 9 Vs globl g 3 oy & s S35 28 9 JB Opbe £
RS g & 55 39S s At )3 WS g0 Bl L (Sl 395 Wl (A (Gop
3585 alS s b A aw 48 1l 3985 9 Ghb hlad 993 <ol 2 ogdle . 1l oo

(il oy § gwlis S5
S ggi-)

N\



Ol golio s Sl (slaylSaly g dnogyl 4z lyd ol s £55 30 St Il

=

SaL plEe 50 50 W55 3939 (3l i sl A5 o el as Sl 5008 e s gl
g g0 dgume s dy Ab (g sbope g

9 el LWBlaie g aob o Yb 3585 s 95 lby (L Lo (gl wibdentys b L Al
() s I 2Bl o (ol 9 03 Ji525 (2blgy b 5 290 JoSa5 (o8 Ll s
dlos g 4 o I (S0 gox s s 398 K85 & ()90 )3 9 04 g0 Coghoy i)
Cgs by 395 0 sboye A oS o g sl sl I 3 B (dy S8 &5 200 0
WS o i rals

o g0l 2985 )3 350 Jalse ol plos Ol Sl aslobs o Sy 5 (g32)20L5 p B
Sy 395 g LS gy (S ledbl 3l olawl b colgs )5 05,8 )8 dx g5 )50 L
g dng dblaie oo oyledds ddidls

Ul (03 9 (5589990835 - ¥

e Ol glie Gofsy o (bl 5 4l wllllas si> (<5lsdisesss 5 (i e)
dallbas < GGl (wyp oo huogi g (olulid gy (Aol (lid () 53 29800
5 Lo daasly (ololid (GGelshresty o g Mt o a2gi 350 o0 9 S g e lugpneg
15L o el 5l 15 0 g las lgo 31,8 s 15130 sl oo a5 o lmoylus,

Sslord laasly 5 (s ) slaaile adlllas g addaie (ol (pe) 425 4xes ®
hol anlnl Jgbo )3 5 dos> o )5 aidly 19005,

cshol avlpl Jsb 53 g 4 g a5 cdply Ol oS cysee slasjle s m

S o35 9 o S35 gy Jels loyto ol colus y cubge yas @

Aty g s S gl ks 3y90 03y Jome 55 635 0 Lol anlyl (£55)s8 50 sy @

b « iz Ll jl 4l cigeis) (Sojolsnd (slaasly s (wlids (e slassjlos ()0 m
5 omizmet 3 ooy S5 oyl 3ol b 4 o i A8, gy b
sy sl Slisl oz o (Sa05 5 (Syilsp Gas (S Shus iz

39 AL A g (uaye) S StV Abg> Eljolsn) (Slaasly (ol d9&5 (pyn @
DY 0eee ol b el (slassly ol

i




¥

N— - N \

2 A‘

ohb T Jlassiu! sl g,z g yidu

&loyuo (rub gl jl ool b o)y of Jlasiw!

&loySeo gl pivmnw (sl3a1 -9

I PSVES PN W PRI I QU KVSCINREY W1 SU PP PO
sl bl Ol 013,,8 gehans iol il T (gyslaen sy, 50 sl O g5 wnses 9
ok s (b sl 5l gy ol ) a8l jlucund b g (b (sl Wil 0 oS
slear Sl 4 Sl & () JS8) 3930 o3lial b ST pglaen ca oo
2580 SUbl (sloys 3 Sul gslans 9 go 0lial gy e bl

75 (1050 7 gl aman 35S 29555 -
2 S i b g JB g0 4358 0 ) Sloeo sl 9y 0 &S S
sl 03,8 ypazms |y 18Ul (sloyuo o 45 (2SS 0)ls00 SaS 4y 5 0u Gyl 5o 5y
S S0l WP )0 Canbip Clopdd i 93,5 0 colan 085 e o &
33,8 a5 J8 (590 Al 4 (350 Cemms 0 0T 0l 153,813 loysis 1Sl edans 4
0y lg5 g0 0253 ke 39 dnl (gloySen 1Sl prbans (S0055 50 ol yigg 0255 e
8155 oo i3 s (sl 5L 50 gllins - ga5 0 (o] iy 3 |y ol s sl U wisly



=

o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

JB 4o plio gy a2 bl asle i cygo b (Saw g Joe 50 408 plie
mL&JMU)yodJ?wLM ().'>T9 &A.MJ)LS_,LAJ CJL&A)‘ obm‘b‘)u)m ulydu»)m.)
Dged Joo Joe a1y o

751 gloypus g gl (sly culio (sloyduo oS Y

Ohibg g § camlie Candd 33 &S a3l Bl g § S slmoysio ol ol (sl
sl st loyes oS (S5 (Sbly gblis i ((YIY ' puganiligh) asb alS
5 S busgs (g it (oytsd )3 sloyuo ol 51 By i 1S (sloyo gl
ol & S S Siw diged job & A o) BB 5 wlosd sanbiyy (LS gy
sloogS iy 51 (6l (53550 At djio & Cel)S Ll (55 plsd Sl (gloyeo oo
b o Sl loyo oo (sl plsd L ol Sis . casla—o) i Siw s Sy
4209 bl ol )5 opmo 13 ()8 115 L &S sl o0 Stas cedl)S K 3l oy labad
238 0 42 g 0l w5l glize oyl

SUlg, JU! - F
(S (5Lt 9 L ldgL -
o 3l (S sl 9 o lagls 4 o5 2o & loyseo ol
ke Byt Olopsd il 4y S0l loysus a1y (s | Jol> Ll m
a3 o il ST dogn conlue < gloysuo ok 150 15 )9 135 yparmo L
Sy 5 Sllgy dmd o3lal 1 ail duoyd dw Wb S slaylus 9 b )10l s cuns @
b ol P Cuow & &
it 3ySlas 90 (glylo (S (sla 855 gy (63) 00 dtd b S syl g laloglm
S cplin Glops gisee 4 sloyeo b sl (b5l Jols Uy,
i o Gl )y Sl A g s (loysus g saus (igely 1S 12,0 L 0
S sl 5 L oldgl oyl 51525 1) yslme sloyso b 55 Gyl 51 Jol> Ul =
S sy Qg 51 (eabs e lgice o8 )b 4 ook 0 cabled o Jitie (3P 4
o JUES paangen -
eai b asb o oyl g 00l sl ey e 0 o Jlal lyy S8 (590 51 0lans

1 - Unanimous

\zd




¥y

S swlg ol el ) O YUl s 5 p3Y olul 55y (o 31 olse ol S otages
b (ol 5 o (Sogll coseo a0l agyg pas o &

0)l523 31 6WL 55 50 gl S s o o 300 55 IS allas oS« 85 (ot 0>
ey 5|85 oy 5155 el ysbo & Ol ot 53 - sl jody ISl 15 518 s
g Jitie sl alusg & (sloyes 0)3 prne b (S ol S 59y 2 Bl

013150 § 1Sl (510500 7 ghanw o B -0

))B cdilaio LS.’ L;Laﬁ UD)L’ 5)&1 &‘b)éuo C}]a.w o luo o)'lJJI aS ol P Al U:"
Slodogs (0, Jloo L wlgs o sloysus aogs pi¥ conlune .ol O o35 3,8 1o
B Voo oy Dlg5 oo Siid dans 9 Sid gblio yo )b Sles wlide j0 .05 adliis do Juad
ol 508 0l o o Vo o i g ooz 1055 0085 b 20 o Ve

0y d e )l Jgeme bawgio ds 55 Su5,L g il Koo s 1 KT gloysuo pedans 31
bagie S5k 3 55 S5 ot Sl Slosn a1 805 i 105 381356 5 1
Joles ol ds 55 A dalgd )l e sl g 0 3oy o ()L 51 Jols Ul el sl
Slayzs - ol (90 (i S8 308 Uik Jd 4 560l loys ol o5l s 0
Hao il pBia 1o (sloysuo zshaws (3l A4S dai oo 0015 gun s 5 i 4 canl 0315 (lis
oy (JB 53985 50 2SI 290 5o oo

150 gl 51 48l Juassiw] ST poes 354l -5

@ ol bl )3 Jlio pobo 4 0y coenl Ol 033 (sl Sloyus golaw cudils
Verr olee oz cgloyto s 51188 Y 9y 2 spaidee Voe (S asdly S )
Ol 5l dwd S b S S o o bt plise STl 0580 Jol> ol o o
ol 3 anss b A8 (T3l Wl o Ol we ol Al yid Ve D50 59 5 0 a3 3590 i
B oyt 3l 0ad e Ol el 31 (g lio adl .S yols Jloo S5 oo a0y g ol
Sedysd il b izmen 9 03583 (i3See (199 ededigays b il 4 Ly oo al 45 0,5 00
31 Jeols Gl o (g5 o0 55iS18 ¥ 31 ooliiw] b . ol yusito duoyd 04 15 Ve ps b 259 9
128 e ) sloyo sl

Slale yoylLm

Sloyo gobaw (59) 2 )b 5l s ) )00 m

N\

2 A‘



=

o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

259 s s g e3lsl m

Clopdd Gl (yj5u0 po (e 09

(sbad b -

3l ] Cnas 1as 45 39 o dmogs (il (asuiie dbgs o lad b oS oKin
V0r g 43S il 93 2|y yto e Yoo (b ()l el plgie & 250 i )S jlas )3 lslone
led ooliwl ()bl Jols QUlyy e @lusloxe sl ) y2o Jre

Sloyo zshw sy bl Jols pes ol -

Sloyuo gshw (59) 2 b ples Lyt (aiS(od 3985 gobaw ol > Ol &S ol Judo &
Tobs 9y Gk P50 ol oSen il 51 00)3 10 3gas ax ST 058 00 s Ul &
2 ol cdelc lgnl bl )3 a8 s ol 39 5 duiyed ials 5150 ElS (gloysen
sl dioyd 0 0905 50 wiluds poes wlals 40,8 248 lei o i8] o Blisl Dg5 oo b s
b o 80)3 Ve bagio yobo & g sla ol 5l S s 5

2591 (gloyteo gl ol g 83101 -

locdio s lagyye 4 o IS S8 «loysus gl colue 355l el 03 19y S
C?“a'“’ o luno 9 o.))l.ofb Ow dlbdd.l.&ﬁ 9 Lhé.»)o R e .ol OLAAS:’ o)'l..\.}l L’ ..\.’>|9
b ol Al e s oy 0 o dx pa oS LT3l 058 0 pasiiie (loyeo
Sl ol oo lis 4y 5 cymans Sl s bausgie G bl D52 alsE S ol (1L
9y )8 492 lg o o o ()b e dslxe

STy d Gl (15500 e (e 090 -

&S ol > el o g aslusy (b (SB sl (5o (Ko dus S &S5 3
obamdl an g5 ol el a5 0l [arseis ¢lgo b aisb (asuie 55,8 0,85 dlws (ol 4 ol
g byl

o3 7 ghaww 51 ST Juassius] (g e g wlgh -V

2258 0)Lal J23 3)l90 4 g e 9 ol saupe sl

Fodkws ol (g3luslely 5 508 b ) sols o o G Jlasetunl s oyl Slisl aise =
< ]

O3 & Kl o Sl 4 45 Wl o e & ST ool e oS 1L Sy, S L m
g colin

YA




B 0335 gt 180l elans - el Ay oS g 00l <Ol (G5l wtamsns o2l 31 (5,155
338 s b yress Ll g o jrad Wb )b Jgad

4S5 Jlaibl ly (555158 o)« sloys g ghaus 5l o0lizol m

51y be el Has we Wb aS" gy ol slbcodgae (yicten @

O3B 1t ys o d 0+ s Wlg5 o g Canwl jlas 3Ly 05033 (50 (gly s wlals m
S 99 (Pl 45l andl 4 s9es oolinwl ablur o (a5l L S b b ol 0
2> il 93 By 3B s ol se3ed Slali plise ol Gl origren -3yl paasce
1 Gl el 03033 (sl 5k 390

Waxnl 0,85 5105 Gk Jgad b 0033 3o 5,680l (sloyeo slans a5 (590 )0
Ayt i)y dedl a8 ais pa L Al analy byl 5l 50l suiS eas Juasw! Gl
Oy e 3y boao¥T cdel wlgs o

o ble asile (Sogll iy 0 bol55 g0 pol ol & S o g 591 3g) e o m sy
2905 plU8l Wlgi oo Byl a5l o ool @) sl 090

0jBre 0,8 1o s (A

oo 53 il Ltk (e (B9 (<

503 0y 31 S lY b jlsee Ol s g ligy (2

Sy Sl b (Sl palas sgamme Bl sl Wl o s as b ey 0l 5 SO
Llgis0 p13 5 (63)slS Ol opd 3 . s (IS (G55l 5 1> Ol ol (sl J3 a8h sl
59 Blgn a3l Jlassuol Gl Gl aS 00k hgo sloysus alaw (SH03 )0 saw Glusl L

33,8 053 5 0 Colid das oy & (Sg)dud o >

g OSS -A

3550 ) Logas 208 Spo > 5 (glows o Wl o 009l T Ly sl wlis il
0291 bl sra5 olss LS o Bpaao oy (gl ) ol w555y oS lilse>

Laogs (Wgb oo 03D o (y3lte W8 (cloysto polaw 1o 48 Ul 5l o s S
sibo il ol oS Jod ylge coley b g 998 o Joytusl dadiysd raio]d an

893,8 5105 ()b Jgad 5l b (loyto Sl zolans @

9503 (JB (¥ g5 5l dns by o | pS gy slaels m

1- .Tilapia Nilotica

N\

2 A‘



o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

=

g 5ra 5 I (il Jgad 31 5 sl Ol 0033 e m

by il ol Jy 890 Ol opsd il 3l abyy o Gl wls poye ®
99 odlawl

g Azl 455 590 (35 5 (SloySuo g ghaw s3gdxe 3l WL ddlate Ly m

Oy o3l olgiee |y Bady g g 3l e )3 sl Ltk ale iS5 m

My gLl lgd -4

5l ol e o gy ol 0 e O el e gLl

.uiu.:.ob dlbo)”.,)lm 9 il dl.bd.u),h u»blf u

s S0 ()M g yos 3l (2L Al aie JialS

el pyye S by & Gl loyes g (5SS 5 Sl gladise b 53w
clans by S SB slass coly > alox 5l

(g0 B 7 shuw 31 3l b oy o Jlasciu]

b Mol 48 sl ot @lasl ghb O yslaes Ban b wiilys o sl oyl
oy SUlg) 253 sl Bblio (dany )3 (VoV+ g 009283 Wil o 010l 005 (55
(LS Gudigy coppse iile (e g pol el sl o ol SBSis s 1l 4 5Ly
O 35l 5 wyg) 9500 )8 d ol 5 ooliwl 5  oleowds dlgo 31 ookl ¢ oxdaws o
20 o ioles |y dlolu ol 51 glaiges (V) JS&

( Sy Sl g slaee

/

1. Longjun Ci
2 . Boers and Asher
3.FAO

e




WY

Eyas Gle g gl | ookl bayl s -

033,15 & ol Jlasuwl 5 I 3,8 34i5 Pl e (gl a5 golge (V2718) Myers axiS &
11l o by dxly 093 JSi g oSy g 99515 Bpo 09 o0

(A 8 b lige s 4 ey ey 3985 S sl olse il (5SS 5l oS (ol
sl pls g bl (51,

3985 b8 et «Blo b 05 0 bl 5 (Al ST Jlasil gl 45,80l 4> s
b Ol (lualss il Byl o (o5 5

Alaisl g Jad cuizmod 5 (Jasome Jolgs ol )3 polio g plgo b sl 0ai 03,15 4 lgo m
b 355 099)d (lerd b (Sojd

ld (63b) o (Sejed Croglio sl agy) oa (b i b 0 03,18 4 350 m
(e y9y0 9928 3 laghb el dare Jolge wlgn oS bl (4> 50 1L aSb sl
whio 5 o Bug By cllad )55 51 A6 ol s T (s hits by gl
&S o,

duwliio )0 (cudgs ST asl aza 1 g S Wls sud 03, )5 & s 5 3190 <l m
b ol s slagey b

Al ol ol banye sloansa o o)lals cla b, @

S0 Gle gl s g, £lgl =Y

g oolital of 03D 5 (xdaws Ll Gl glate 4y (il Slge 5 L b
db o 008 byt 4l )0 )85 e |y (ol o g i o dlge el 3l v
9&5 H3le 23,5 oo QL] alises felgs poll yr ol atlate 2l (sl (b risolasd]
ol g 59) b Jsbo )3 15 5 T lynis s ¥ Slisezs 5 9lgo & uoytasd Al Bos
MSs glaaige 08l 5 wllas cund 5 (55 s (aLS by (Jls cilise
)3 IS5 Lzl s sl )3 sl 0 bl o b o] pslas 5 oIS ST (gl otans
350 ol by el 5l £ 0

03 (S lSe (55U, -
31y balas 5l asliwl e
Sllyy oslaa jslato 4 5l bshs (g5) 0 (2l b (yslaar Soo ool b

N\

2 A‘



=

Ol golio s Sl (slaylSaly g dnogyl 4z lyd ol s £55 30 St Il

bwgs (bgy ol Al I 50 3eis b anb sladalpl & o) 5l L3 laas asels
ol 04 &l..\.:‘ J"’ld"'““:.’)g;" &3).91).) 9\)‘)915 u_»).c Cgis )y as ul;‘.ml.» 01)9.) dl.bulm.ﬁ

Slodl 0,8 4 pSil e

B2k 3l 5 2980 4l (S3lge g0 o (ln Aty ne) S 3l L slged (Sl ermej )0
I o 4 cdls ol jd 040 0 001 JUES] 00033 (i35 4 0aisS (g)glaes anlyl el
slodlo > Ol Jlasisl (ogy ol -39 g0 o35S 5 4B, )5 oy Do 55 by o5 55 Yl
liwgy Bblio 3o dwsd (slaosls saliv | by, ol . ol odd (gl 8GL VAT I VaE]
2 <0352 St sl s slaiyl 5l g o (s Ol o 4B S ao) Wl oy
el pshate b crdgl By ol D5 929 (A iz 035505 cawd Gblie )3 &5 >
Sl T el pslate & by ol 3l baw - 03,8 51T ilee sl b ages 5L 3590 O
Ll 0 00laiwl ol,;»l.‘.’.mg)

s bouwds 31g0 31 2alasu! -

o srclod o

cloiles 3l oslizl b wlb Al @y 63,5 suShy b olge |, csd o dls Ul
Mayers 5 Julpol 50 (0450) oS g Hillel ol galS' 1y (gynds si5 9 (iolidl Hlo e
o ey slaslo pol (slo I 3505 1500 5 (5l AL L1y g, dilaaslss bgjal 1o (115V)
ol 1 aS ol ooly s suds plou] (ola jtolesl . aias [ioli3l wodw wlinS 03,8 4dliol b
2 Sl bdol e cunl 4l ol Golwgd olise g 4y o5l o bl g S5
el abgn o 428105 il 5] o 28 51 g 3 ] 03, 3585
Cawl 035

o3Sebs b D 23l o

WL & busd el bgil )5 popmurdins 52,500 00lo aluasg 0 (o8) sl I 3o
adly 1S Jlos €51 o gzaya5 4 il o Lol . sl 03905 oy Jsl Jls Jobo 30, il
O3 O9b 4255 €85 Coles Wb Sl eles 5 Sl (6518 )0 sl oy T a0
Mol 5 s o (358w 31 ooliswl Lais 05,8 o yinlunyd 2Ldjl s CUlgy jaolsl
D08 o3 29) dwle sl S5 )5 g by IS @ clas el )

b b I 2ol

W hcass el bl )50 oty og) dulo slo I 5 (Bl 3,8 0L

Wy




WY

e 8l ol ouls w18 ccuysu 3l ol aslic Dz g oty Jho Yl i e 3o G,
3l 42yl ly T 23,8 co B 3 s o 5 03,5 3985 Ao (gyt0 Lo YO oc s
b 0o 3l o 252 0 kol bl Aliasy 4 &S S+ /¥ g 0 (KT U 2 )
sl 4y 51l il g Bl )bl 000 o 0 5 s 5 Slazdl s &S B

B 2ol el x gy 51 05Lius] o

adS 30 a0zl 3485 wle e 9, 3] ool 48 Wlea,S j3)1sS e 31 0Ly olaas
WolS Jlw s b5 sl oy y3 Lol edmd o lS Ty 355 Tl 55 49, 4 Wilodis Sike colalllae
51 3550,18 4 oS ibgy 5 A 55 a0 (K pol ] 4 950 a3l 0]

23U 59 s 93190 b I hanw sl Sy o

b <l ol 33 1yaj 290 03218 4 I ilieo glsil (gl Ygana (Sb sl ity
opdalize o)l s oles 4 glis Saus g o oolitwl 01515455 ylgie 4 s 5
Hlaslie L9 g0 0018 4 3blie 12510 & oo iy

I uligy o

Byt oIl (g5 il ol Gl 5l ol Jlaswl jglate 4 cliwl sy
sl b s iy 4 by Sl U ST elyy o] S0 pslio g 550550, 45 pys5
55 18 et Y 13,5 o Lol i 4 el paal b of piligy 5 I o g5y 2
P90l sl 5 YU ooy (g1 1Kol 48 308 o s o gpasin Gy 5l Labloeo a¥ by g o]
9 ML 0 3985 Jl jut Y plgie & cliwl g WS oo Joo rhue Y lgie 4 o y23 L aaL
50,8 odlitl W25 311 30 g5 o ST £ 45 ol 31.00,8 o Slgy coblass baas o K5,
)]y I o ol 4 5Ls S

Sedly (udvgy o

O 9 0 Jilie )3 Lol 390 03 )8 4 A rivgy plsie 4 Sty b laay
Cogd Syl (St sl gy 51 oolial slyy ool o) -d9)i00 come 31 ey 0 U]
Y gy el 52 8l )Inede (YL 035 358 LBt Caols 5l &S sl 0u gl
My (St by (i Y 290 odedgy o iU Y ey alosg 4 9 cuas (Seadh
298 53 1y bl 5l gylae oy Iy 4 )1 g0 4S5 Lgieo g g Sl ol eo)ly (sl
aS ol 1 Sl ol 09 gy lams a8 33,5 o o plowsly J2alS o g anily &S5
PRI i dado A8 o e /0 5] sy (SH5L 52 )3 ol jlade 5 8L 35250 0
Gl A gy lanl S wib o Cygo ol 0l axd b ClUfE Lawgs 4 1oy, S0l #3kol 0950

N\

2 A‘



0088 ol 55y 2 il S Slitdl 31 gt e € 4 Sy aboldlly g ey clil 4
S laaSS (s 9 29 o0 aseyy Ibams i i ey (St Gisn 5l g 39800
394> g 35 o ool W A ST 0 L&l e o3 ol 51008 e dbliol )] g9y prdaws yp Staw
odels 5l oolaal alino 1Sl el ) .08 0 sl |y bl iy 31 Jeol> Ll R07
33 35b 215 gedann el ol didl . 3g05 oMol 155 o 5 L5l 3,1 5lkes] 45 o yoguasis
bl bl |y blsy A 5905 lodly s Tl e > Byl g5 ol - A5L ooss Ll

Sl (g o

6oy ohass sl oy Sl s sl Gy epidshine ol (egtae Sl gl aio
3 i0tes 9 bl o 00linsl 390 Jluo Y3l s yos b oomio U)o (St gy bS]
ool8l sl ol 5 (ol )0 xS Jlo 0333y glo 55 (St gy b ciyee byl ¥
Pl s o s St Sl ()lgS5 5 Slis] dzulis sl 0,8 Elas! )]
g5 orl 0 dhols e 05 anlgd Cgllas oy Ol a5 10y Sl g 45l Glossly 2,8
o)l whlus 5 Cigllasls zllas 0,18« )l1g55 pute sl 5 ot 4y bgsye i i 12y Sl
25101y ose el (S gy b 8ol a8l o 059> wlilses jogas 4y wllses b
b oo oyl 1L 03Le] rlas 45 Syg0 3 ) s g 039 Jo B ol oS

SO Linibgy o

sk 4 a5 s ol o oslae el adsl sla by, 51 (S slozse sl i
03,8 dguzxe |y o)l 3l oolisl ol ol aise ez )8 cond xS )18 & ol sladlo Jsb )3 yatuwe
4 o bl OB o 4y Jilio plo Jto el )0 Sl (sl alsl (36 londo . ol
Ly ST (sl My (318 olomtior 2500 o 35 aSim sladys i 15 )0 SOl ol Ly
5o pas ol oo (sblie 51 (Son 0008 ol ezl 09 5 ais 4B IS 40 55 e (59) 2
dlge 4lS Gloe 53 o San do U 55 Ll ST £ 95 ol Glowsly 2l e (51085 @
oyt azolin S e (pglaer 3 |y pinds 51 Jol> Clilg) (o> casls oS0l )0 oolial 350
5 0351 s 1ol 1 I o 5 Loy g5 51 ool el iy S3y5 31y (316 ol
2L 4o 4 (igpio (s2basdl ki I 035 Cgllas anieS b Ol aels oo wlgs o

R gy @

b dgame o b A bl 4 ey Sl (i oole el plie 4 e 3l ool
AV by dhols Obls) Glossly cals e (614855 40 3l oS ol o i sl Sl

WY




Wo

25T 05 (5055 5 ablu o jobo 4y azliy 390 )18 4 1Sl )3 oS sl (ool
D92 ..\.b|9> oo law! Dy90 (Sdde dLm‘_JLu 90392 [°l5‘)l:’)L.‘:“‘:’

w3 i Slis ] dlwwg o  Sxdan g SUL s 51 ool

s i Sl gly (S Jgol -)

Glinl s Ao 5 Setd gblia uad (slbdilsdg) yuumo 33 Ygono oxbawysy (slad
L olgiise g e puS b (DL b oo 53 )15 (2 (gt a5 Laaslng, ool g oo
(o) 3903 033 oinl (sl Sbigus (e JB sl o] Sl (oye 50 (plaojlo sl
93 S 31 259 s 5y logesy 1025w oo g 55 el s (glyy S0 g (Y5
slr clio gblie as (sl lond y Shgusy 51 &5 Caslaailing) (S slayian b
sl gy 9 ccmlin (B)Sius5 < Jad 5 (28 sloailidg) S92 (rlawy sladu las]
@ baw ol (b (e ladw G5 5 - canygps dalllae 350 dilate wlids s
YAV ogensbol) 0)lo 5l Juiads awlids (yey coledl]

s 525 50 5 des g 0 |y 0l g 0 (rdansy (sl Gy 51 pile by slades
Cusl (3905 @lo Sy (Prbany s @Blg 50 (Yoo P Togmpian 9 ) M50 035 (y10)
B35 oo b e gebams 125 50 dus 5 4Sgbo 45 290 0 Al Bras 4l S50 &S
o3y 0l g 08 o ermbo Wlg3ul S0y |y ST by (sl (s (7 JS8) 2,8
S g Iy il Ol a5 b o o s iy O a0 A8

90y -2l 395 BByt g e b -V 10l awsls gwlil (Siog 93 Wb (oxlans ;o
Mz Ol s )yt S g 28l 3985 BB pod s (S 1 03 (ool s oS
Wl e (Prlay s - 355 )8 e3lital 350 Cuslio AniS S lsis 4 Wl o bl res
e 085 bl (danys oyt 55 S o by O3l ool lud

1- Mati
2 - Unamimous
3 - Nissen & Petersen

N\

2 A‘



Ol golio s Sl (slaylSaly g dnogyl 4z lyd ol s £55 30 St Il

_ eyt Sl o T USS
basly 5 o barmo b o ()5l 5 (o) 125 s b Slas 51 Juols CBlual el g
JL\AM‘ C)L.v.wdb c)JJuL» .)9_4.: o)‘%gé é,b ‘OTL?U”)‘) Cawl P)Y ‘Cj uyol).»._: c_s’“""lpﬁ Ucl.o.ol
9 Coyde LS‘)J P)Y ullw.wl; e .)I)Lo uT g&) ulmwwl; CUpRe yO ol 0)4..>.) L_JT
D5l axb)S a5 dus y35ee a5 a3 390 Slanpasls pizad 5 (5)lgSS

ol oy d Cudyb g (30 o> -

5 ope (lial waw 03 LB Ol cudls 0uiS ns pie Jolse 5l ye o>
sl byl o (28 5 O Jlasil (gl 35 390 Slanuli (2 b g a8l o o @lyuis
Bl oo 0330 )y e 9 s 03] i) (3B > 2 Fge Jelge o yimiee

(GeSayie) oy =/ ¥ [(20) o 0)l303 glisyIx (320) iy Jgb] x (20 ) iyPee oy Lo
Fo) e g = (x0) duw 0yl i xVee /(10)3) 350 s d)

s J313 33 5 s 0923 iy il loguny 0 (JB slaliad 50 O oy s by
0 bgusy 550 | Sao (Sdansyy deo Gl o 3 bl 00,3 o 0yx5 3 wils0g,
(oo yio) 3o 053 byl = [(Au0)d) Joud5 x (CunSo y20) e 2> ]/Nee

\4




Wy

SS9y o g azed ¥

18b g0 25 3ylge Jols (rlawyj s by (b (sl (Slgyen (sl Jalodi g 5 cpSieres

! oy Sl g 4955 -

Soul can B Ol o)l casdil dbgs 4 308 Elusl Wb e jo (ddawysy b b
By Gl e (IS g 4 wles cdlys |y lawd o5 b 5l tesyes ool
b St <o & giFe opd il 5L asss

(crexSo yto) dlog> 18L)d Gl e = (g0 o) 49> Clune x (y20) a¥lis (S5 Lo

Juassiul B8 O ylaie Jaloss g 4505 -

abaly 3l g 0,00 o ooy ol o S  edanoyy duw Sl 350 3| Jlasial b T lade
Bl go dloee LB 1

(crexSoyie) glyseias] B Gl jlaie = (11079) oz (ool x (anloyie) e pze> /e

4l 53 elal s 51 J (55525 bansgs Wl go a5 ol oz e | sl s oy ol
Db (ASR) 0y o>

e Sl i) -F

3929 crl b 185 e bazme 5y 2 (5yeS il (rbans (glades & s (rlany s 2y
ol (dasse @lil o Wb I sl o Ol b by gl (ole  (Yab o (gl duw olg00
g 4y

g duw VL 005l I3l ol 09,8 90 dy ey duw b elas 1 ol Jaise el
D08 oo s duw Caawd eyl 3 03l 3]

& i ) e 0 55b sl g oasta (aal (el il 2 o3)ls <l
Sl S GpnS s

wimawsS] 5 ol 5l b g dweiyms o aaw el YU icwwsa¥l p 03)ly il
ghw ol Yo 5l Jols (ol 395 als azes )3 (o saoby> GRliS] ccwddl
A prbans 5 las ez o goliens]

w3 duw 0,195 -0
sl b -
D)‘%b 8&3)‘ °

N\

2 A‘



o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

=

sy dw el elasylanb o (o) s oylens el (350w 0aiS s Jole
350 o )l & 4293 L

L bl 3985 4 byt Siw o

B o> bopd pyse bl m

cye 51 Ol dans el WU 31 4L @hlus 5l 555l

Cwolo o

orizen 5 ol 2 o)ly gy b 35 (5l bl yr by s &l o)lsd cooleis
sl T Slasl sl i) IS @ gy 5 9150 2 5 99,850 s o 503U S5

A 8ylgs5 (5,lb axtliag o

Abbge ol iy Sligusy b I g OF (olaylid  oxbansynj s <l s 3)ly Lol (slaylad
w55 ©bguy b A jlad 51 (B0 slagys ey J513 )3 Wojlus ool ensla j)3 ede 4
Cand oyl 5 Cansd¥l o Ol glisy ] B3les | e & Lol a8 oo 15 |y K00l dus cawd oyl
el asdllas (sl JS o 4 ul 58 OILad (g 3l ot ojls ol s oyl
5 4o €35 4 ol (sl caz oY Ll 5 oyled 0 )l (clagys Culi o dus 0yls00
338 (e

05Lw 52 3)lg (SWg i 0

Hlaslele ojlw o 3)ly (slogye

3950 3ylg (§3505 yobo 0 45 s 9 (S9y5 W

elload gbusl wbgu) ,lud m

S Cawd eyl Shguy Hlid W

e 01925 (gylul S o3 sl o

Sl ag g8ly (wypr 990 b s 05l (yll cax oS pY gyt

) pas by

Sy pos byir m

S0 o) g8 pae bys m

ol A1 i pus byis m

v 0ylgd CELw -

8,la00 S lw g, S5l e

Hlagle (Sdavy dw o)lged cilu gy Gl cqz dalllas 350 slaline

WA




WA

S - - \

2 A‘

0ylgs0 ool m

&las] Gos m

(Sl l51 15) oy o cdaws @

o 01520 (b higus) (60 395 9 (Slgyden colia m

e Slhigey Sluogas 5o S

e glcudgise m

3U5 3y90 lge g ¥l pnile 4 wyiws m

solaidlasgim

:)‘ ..\.23)[,.9 Ls:da.m).») dl.bd.m b)lﬁ.) i lw le.mu’bs) U")"dw u

0)19:».) Culaad ‘5‘); C.la.m)‘ d)b)-.’i"-& ]

Sbguy Jo1 4 330 3255 m

J....»UT dlbo.));_» Cund B

Slisl car g 5l g)lp I (g (Pl b Slasl Joe o Siog 4 4255 L
Oduwy yaun) K O B ol d)l.)).gi!l.& LY 89),«» Cja.wﬂ P9y O:’l)b .\).))f@ .)LQ,«.&.::’ 0)193.)
Ao g Jolg 20yl 4 5l gy el 9o b 1o dl 395 dlge b das o)) (s 980
d)b).gill.& db.m)bf ui':}::)ﬂ 6)39.5 d‘ﬁ Lol |).'g-| J.glﬁ le"’“ bS] b 9 J)IJ..’» m,m
o sl aylo g s pled (canasly 4 S a5 asb Hlub Wb (gl I cud ous
G I o a5 Sy 30 .03)8 dloul L8l o3L Gl 6100058 e By 15wl g yglate
35 b o 5109 0 43S Jlas 1311 /¥ B 1) 6100 I s el 15 5L5 390 000
g aiB)S Jlas )3 3108 Wb cad el sl

8,la90 S lw (sly 5L 3y90 g0 @

oo bl ppizmen 95 3)90 dlge 4 cytind g LISl & din Wilgi o (SlanT0)lgd
9 asls ol (Satk gloddys 5 oy I cg2T)lgs Mo (Ko cao)l g 5|

208



=

Ol golio s Sl (slaylSaly g dnogyl 4z lyd ol s £55 30 St Il

335%0 33 0% By 3 O Jlassiuw] ol G -

0% 8y 3 Ol Jlassiw] g cawlio Sl -

el s 5 5l 5 ey gty oo 3 5l Ol Jlasmtas] lpasls (211 )
Boe 48 00,8 x> )0 b Sligasls ol sl oY s 1 (B Ol 20l 5 (5500 (512
Y o ogeliy sy (Sdapien Colid Gy aizmad 5 035 ciyee 50 blES 5l te: o]
238 aSey sy 4 e Shgwy JB claliad )5 onib 053 ST wsb

e | T Jlasciu! sla g, £lgs! -

cooiorme) BS5255 bl 4 425 0w 0255 o Jlasmiol caslio gy el (sl
sy cppdyene wtbie oY Gl S50 Gl e 5 Gapted 10 LIl ((Slgyun
5l A ke najpg dw &l e 31 Ol Jlasc!

Sy sols e

2 08 o Slasl cul (g5t Bes gl &S e pdaw 3l dlais s o ols (0l
oy b g pFte Shigu) g axbio cp pld ol asle AU gy b Jols oLy
O e b Woly ol s elys bl oly U515 51 o Sy O Jlamil cas
3390 o (el g cpee om0 il (ST 53l 9y90 S5 ol 2 51 Jlaseil 16
2338 ol 33

XVCRPINF IS Sol> e

el yob 0 48 38l (el 5 JB b olyan (s3g0e ols el Jolis 0aiiS (gyglxa ol L
Jl ols 4 g 00903 2805 (350 S50 51 1y Ol b JB . asb oo 3l )3 ols clossl o
lwol> £95 ol (bl ) oles oo Jos (sl ol islon s ol 295 (1ol 2 0gdke - A 0
5 213l e drslone ko 51 4 208 aseiis ol 0 e (gl g s> oo 5 olass a3l
sl o dsmslee BB o (gl g 51 6l ym g ol 51 Jlaserasl l5 T o

SIS SR e

sl jlad ol sl Ygono g 5 (Jgano (sl (3805 4 dsd ()l b Slios 2SSy ey
o8 ol b 015 sl oy S 31 B tegng o arans &S ol sl by
5 St Lol Sl il gans 15 )3 W9 o 45l gans 51 (100 s )l 5 Lo o
g5l lal Job g olul . w55,8 Elusldw jae clilge s ailes oo b 1S5 (ol ol disja 4o
ey ) (slail 3 Ygana 22,5 o s e (Selpyhan Sloogas 53l 2590 o o 4
5o e 3 eglasl) ol cadsyd 2l <l Jolis o ygolyes yiled ¥ ¥ ol aisls alg) g5

YA+




AN

Y lyd o3lasl) alogy ydid Gbg ((gpo Juo ¥o 15V0 @l)d o3ll) lawgio yilid b o(gy20 doo
Slaad b 18y J5 15 (cliad § 55,5 0 dpans oad Sy Ol zlyseinl cags oyt o VO b
g o 05Ligs 0dd (60 S 3lge b (1T 65y 5 93,5 oy o 3y5 St

BALS (59l a0 (55 o

4255 L a8 ol sl 5 24a53 .30 o danss oo iy J313 53 008 (gylen () b
g &l dlaseul Bd 51008 0 (Shb ose (Sdppae cluogas 55k 50 Ol e &
Aoles o Jos i, 80,5 pso diles bn o JB ol aSay

SUj 8 Lol e

Sl sl ols g5 el 03,8 Elanl wd o 4 Wlg3 o 45 3bj lians jlad b ol by
ad)S a5 )0 520 Y ) s ks ol a8 L 0yl0 JL8 oS e 50 yaan St &S Attt nlio
)1 52 o diz sl oalanal b gy poye el ol plad Jido 4 9 2980 o0

g )8 o oolatuwl praws 3l (gylop s sy 3l oylgud Elusl (gl aS ) 4 aves L
Slilge g cpste S350 Sliss 18y b dns (e )d odd 03D Of Jlaswl
}‘oJﬁ:JLa:c.’:...:lggidfdld.};dgui‘.ﬁm}Ww)l‘éﬁn.c‘;”)gol%égwgmﬁm
LS b g dly) b 5l ol J310 Gl s 30,8, 0 Do 29 xon o J515 40 b j25a;
30,8 A5t Cawd yunls Ceannd & 5 9y

Jo 15 coaisS (gpglaax oy 5 (1Say Slasl a3 ()lop A 51 Gy yelate el sl
4.»5!\"),1._9&0[%9&&@)‘”9&_3&“».oa)f)_,oww&mubbé)lw&m)
10 S 031u0l) bawgto yilid &l (gyte e 5+ 1 ¥ ol o3lasl) wils ey b ely ol
Lol g5y 5905 45 c(syteishe V0 b Y @S eslusl) alogyy il by g (e oo ¥4 1
oL’> b JSlen dc goo U:" cdls O:")‘) SOgud o.blm% O Jb‘))l ol LS)L)).»iHb C‘)l.»}»:)
olas e Joo (bl (sla- ) JE (gl 008 g slgex

o3 dljle O (iSaj -V

a3 M3ko O oS5 S ousld -

Sl sl & oy O s ol YU 51 (6pSsl> (sl oble O A4S Slususls
380 el g wllasls Jare @il g it maw 59 laglS & @ylus
455 pas @90 3 9905 e gl Slant 50 b Slugusls ol (251 S el
903 00liul Gl op33 car jtee sl i o2 5l 0lgi— (o0 Sl 2

N\

2 A‘



=

o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

S3lo o 2S5 Sl Slasl g Joo -

(o s (s o

ol Joud BB (ordany du b (350 edans (sl Loy s5bo 4 oS 2 grdans (YL
2338 o )l ol el pdaw ¢T3l YL oS gy5bo

ol Jse el yo 3805 Gluwl cladSlas il 2805 aope b i b
C.La.m)b.‘.of l.»).:l).’ Yl L;:.S.m) u»:l...i‘o 30 e uj @a.m [\ dgis o0 03> wl.u (Riyd)
258 Ol sl

a5 l3ko O iS5 sl s, £lgil -

s 31 ity Ol el 3131 (Sl (sl (ordansyey s by Slilo T 85 (sl g,
5 le s cawnddl o Slo

o 0)520 5oy 0

S jiSa; m

ol 12185 b olpen 280y sla oS L 8y slaJlogS m

iS5 sla B m

UiS2; slaols m

31 (s sl by 0529 pas et ) Ol s Slas] Jomo bl 4 42551
Sty 03]923 jpyr gy ccptre Sblo Ol (ASm5 g (Slasl Cspes (Sl cmizen 9
e o o b el Slinly s 0)ls0d aslio glis)) st 31 o i s 22080
e oy cawdpnl gblie cuow g 0ud joppw 0)ld 9y 31 Shle (i slroby>
s9ate ol s 93,8 (gl pgliio o 03l (L Slel b by el yges e & 08 o
3 oolizl b ol 69y 5 93,8 oSoxtne 90 (195 o (090 b Wlg5 co duo 8l (YL sl
D9 o..\.:LuD.»).Jﬁﬁ

Ol (5,045 9 Caz oo -A

Ladas 1) 0e5 oud (gt OSles dawyy dw el calisee (glinl oles &Sl (gl
S agb &b s (g9 0 Sl Sl e (IS 5 il & 5l wles
3,5 Gl b ) 3lse (o b b oo cox

O Slusals g 0,530 5, Sloc m

AY




WY

;‘:Tca,,.éﬁfl
QTQWUS b)‘%b b)SJ.QS- -

38bes bit> 5 ol 60556 3985 (2alS 5l S5l ca o vl yslaie 4 0)lsed Coppae
ol it slog)lon I oo o) £ 589 A oo caslio Wloludl (S 0 oo 51 0
AtBge s 0yl500 9,8 las (1alS ae Jolss 51 ol s 51 3L s 5 (5,95

2 0l Shlge g dus yyme (S35 55 laalie oy wiz tlss e oylsed (15 S sl
Dges Glasloylers Cand ol 9 candVb sl cond

O (6 a5 (3350 3ySoss -

9 oo ol Jlastiwl Gluwwls copde Jolis diwd 90 a4 (osad il 10 uyde loludl
3 0 el (3500 Sl O (1805 Slusls oy

w03 55 el Cappde ly 9368 9 ey oy 51 (4805 5 ST Sl &S 5590 )0
iy <) o slosly yian 5 wwlidlgr slasdld Koo 5 (SW)b sleosly 4 5ls
235 oo Ol Slay i s olise bl Gl 516 a8 e

455 5 Slos (1Say 5 outiS (pglren sloely b 5l it ol Jlasul 4 42551
O A5 prizman 5 dus Candiml Slocond & 8 oy Gob il 0ad Gslee O
420 a5y 2 Wl e 0l Sl 5 300 Cpde ol sy Gk 3l 3o Slle
JMis oty g coaisS (gyglaen oly 55 isee Ol s il 5 00 (pglaen Ol (295
258 Jlasl (2l3ks o s 25 b (295 (20

Sl s -

g e Ol uslio CudeS b jolate 4y osee b ey o S iS5 Gl
9 o oS oy Slungls Jols drsd 50 2 pslate ol (sl RSS Slugusls 08 0
00,8 o omanndd 213 Eked lupnls

T oS gyt SlianlG o

3P 3l o Jlasstl Ol cdr Vb dnej Ol cpysie )3 Ol S jolase ool (6
looly b 5l Lt &5 out iy sladiges 3350 (uyp 4Ly (s by
Pl i ol Jlascl g (2805 ©luswli Gk jl oud (yglaes ol 5l aSb glualie
258 o b e 5l cilisee (slaes 50 Gl S prizren 08 0

N\

2 A‘



=

Ol golio s Sl (slaylSaly g dnogyl 4z lyd ol s £55 30 St Il

21d5eled Sl o

e J515 )3 )5 O3l ez s Sl 5l 4wl o Y (ol 55 sl o
s S92 (yj5e s b 031500 3oyl 5l iy 9 Ol 55 Jlasn | 4l b sl oslo 3L
058 glyetsl 5 (AR5 3o 13 S92 90 s3I il jglase el glys sy

g Ol (6l O Jlastin] gLdilobw Slusl g ol (UKo 1 o)lga (s

5 S sladlos 5l osliul b iy el sl wlisl gl oo (bl
(GIS) S wleMb! (ol it

oo (sl Jao ccopie byl g2 w0 (63)l90 53 Klgie (S0 LAl it by
& byye oledlbl (Sops 5 £95 4 4295 b olos a8 cany bamo 5l cbilis 4 il s
b esiboos 350 G Sledbl pr glasuiailys 4 a2 gL o' agorecany e
ey Gle ledbl tums &b 5l oolatul daosly ioles o Judow g3l p B
Lb de g0 ledlb! buwly ool o dles Sl claS dlas il lae o Glwlis) S & wlss o
a2y eyl aloa 5103080 )8 Jeloxs 5 4525 990 1381 3 il (lind 3 5 g 4 90 &
13909 0yl o (sl & Glos o0

bl clodlow 5 hben o Lo (sloaiis agsm

Lole 5 gl 5 gl )3 CLBI & 5y slaglle s L 1 5 caa asis
sl g0 ABl e (S s ool Ol cd)yan o (gl 4y

(oo oyiood slooly clmdnloll glisl g ) (B)S5u500 sloatds a5

Coppde ) Gl sbash) vl aogs Ol glie 5 iy sladils =
Capde had ool Gl (e ool Gl e Sy Jlos Gupl class>
(oo 5 meiyed o] il ol slaol>

2l 6l g (wlidome) (ol S sladiis agsm

Qi 48 (i (s )3 piren 5 425> Clly) Copo (caumlxe o loddds ol a5
)10 S19h8 5,18 3505 bbbl xids jgsiol (lgie 4 ba oyl 5]

laygasS Jlow) dbsiye sl Jlows plovly WaassS (1Sl aolon; 4t 4y =
SaseS 5l cdadle ;5 ool o b syl @lysl o Lol s loes (lagSIl cblges 2 Kiuw;

1- . Environmental Geographic Information System

WF




(crrg g il calises

S DLl sl piann bawgs (Sl sl Jolos 5 )550e (sloasds il 51 Az )
5 dlols lssdaxbs ygian clo ol 51 alols cosls 31 alols by, 5l dols gy ales ;]
25 b oy gsutol Glasl cqa Gl cryite 4 0lg e < 2hl )8 g anlpl 5l ol cpls
Slas] ez oy Capsllae 48l olgi e oo 50 5 Bl cusd oads ail)) clajally 4
2905 45 ) yseiol

Al T Juastiw! g B!

g Sl (2l5lo g 98 0p3 s adlaie ;5 wilg oS (B OUly) 390 ey 5
Jome o5l (sl (9 pasls S ey S5y Juad b S 090 Jgho )0 |y e
Jole 5asSolr ol @lie g2 oytend )3 sl bl o Jlaseisl slaaslobs gl caslio
s o055 by slol Jlie olsie 4 casl I8 (VL Coanl 5l a8l (S0
55 Gras (loyhus ) luwd (b STl g luad sladilasg) (sla i )

8L 25 Slylene b cawlite 1L ol (gilwoysd aslobu o ( JS jobo &

AL adyo 4 (ygyhe b dilobu 1 0lazsl 4 yo m

g & b o Jlasil ilobs b ls glys L3 390 e yytusd 5 loxo e @
5 S laylons cilo (gl Wlg e a9 St Wile b pllas bl oyt yo Joxe
Jbe olgre 4 cal B30 olge 51 sl (Saw s los pdlas 31 (5500008 solatl laylogls
23 s JyiS sl g g e aib b bl )90 23 oSl okl (b slayg iy
Wy sh8 okl 390 S o8 GilvogesS oyl

Gl a5l ol 5 o0l b cile (gl U (gloonsd aibolus il bl (glsl
Db a8 S IS & (gilwopdd wlolus i lu jo cunl (S e

B St Juad Jo 3 (T3l el (sl (SIS 05hsl ¢ b ailoles 1 laralo] bl m
b JeeSs Sas Jad 5T )0 55 (gilwopd 3 il cudyls g asb slexel

B o dxolr 10 35250 clocsylae 5l oolisl b (o) 4 b wilols sl (6)1eS5
8L el 5 ()l

)5S 18 b oo catlate yo 50 hb Ol Jlastwl gy cpicuwle Gl cqs ®
(V)5 (F) oslads sl JS 098 8 s 5 aibolos ol 5l 2390 2] 5 (88 slojline 5
83 oo olad 0 gskae (Sl gy 51 o 2 iy e el & by slacy ol

N\

2 A‘



o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy




WY

T cooslans ey ol o p3Y (slngsSTs - IS
Somae Gle o 5l (bl Gl gyslaes (g clsul )0 p3Y (slaygxS|



sy o Slasjl oolanl b o yg 0l (slaaz Gbey Sl o p3Y (slaygiSts - S




WA

Ay 9 dus Sl 3l 02lal b GUlsy syslaan gy sl 3 (slaysis -V IS5

o Juascin! sailobu glya!

Jpd g e bl Cuslin 3ol g baliolis glysl sl 45 (G5loopsd i Sy (b
02eS SHI> &S sl ot athaie Sy Sl gilwopsS wbobs oy (e 4 ol
5 bozel LB izman 5 glol bias 5 cls guses g cuts olils Blis cguldy of apie
Al 50 Wb (Gilwopdd poes (s g s wlals by JBlas 4 gl asl s )8
o5 oS (ol a8l oo JB115 )3 1y 3,8 0 5153 o pmo 3 48 rbans vl 5 251
il Ol e s 45 0 0235 O o2 s Wb Gl Ol oy 4 s e
C0AY0 N K5y00) WS e

a2 o ol |y e (2l g Sl Ao el s 53 o (slayline (A) S

1- Dedrick




5 BTl (gl 5 sl 035 S 4y p5Smo  Jlasretaol (Lo 51 (e g
Cansid ol L5 (YedehlSan 5" Silo SIB) st axlge (s> e¥in b ol s 5o
Dl 99050 Gogad & siyaely il b ) a2yl (59,505 s9a> pus o ol
Sy 5 (51085 pas Ll ui 0310 asuiad adilob 31 (6510055 g pand 9 (gyl0 0500
wlels ()65 cloaigp . ol Cos Blaalb 4z 31 Lz b cass Lol elde ailols ;|
alobu S (sl ania b duglio p3 wa join Jl ol b (Jg 05b Y sl (1S Of Jlaseias
2 Siyebin alspe Jobo 53 b ailoles ()13 5 (5ylopope sloanss asb o 508 o>
B b oo o8 (551055 5 lopope cailobs sl bl sl g 45 s 0 o9 a8 )T las
g a)S a3 b s aileb sl ca s 90 IS 4 (uyies 092 35 Jlos

S Se iy 3l S sl sleangs )0 O Jlasl slawslbols hal
590y dles e 50 cdgd coles 5 (pleidly uizen g cunl (Jowe dasls b cdgd lawgs
5l Sy liio 33 O Ol 51 Jlasal § (s (slaaiald y3 OF Jlaswwl slag b
(I3 SU! 31 ookl Jolis Ygane (olaojgy ez -3l oo (sog0s (slaolojles alslie
sl 00 cand b e 818 g T e o)) S0 lo

1- Falkenmark

A




)

el olisdle

lalal pol pnom g 158 [l JolS aalllas 9 o Jlasmil ppniiy (sloofgsn 31 (65l
Bad obasl calie sla sy @lBsl 2B B3gs dilaie bulus b il 5 caslio ol 00y
ol Soe gl 2 (i lsis d .ats plol shb b gilhe 5 Lol g0 a1y Lol
Pl o) das )3 1> b g sals pyliio GlalS plys o caritl ous pSThte (93 4 pllas
coley (ol Jlasesl iy o 50 1L oS (38 slajlns 5 Sl 51 Sy aimd cawd 51y 098
(0N oS A g s o)) las)le (gl

Oil3dl i aoli8l cuyguo 0 oy baslyds SO 50 5o D)9 (awdige (slaojlu rowis
Jhasiwl g dslelu (050 (golasdl JJo 4y oo 0431 i sl cwd (gl Jg . aob- o
g o) o

b I oS el Jooy@:;g B oS Bos @ baiye die) ol o ol codgases
ol O b (65 s o YU L 3985 s pus gyl

3l (52 S 5 (3 IS lilas e 4 (St O Jlasl ofgy S anje e
aigg Lo 51l sSol 350y 2,50 ka5 )3 525 ) T Sl i b b <ol 2 093
O S ol s a4yl duglio .35 duliio T Jlastil dilobs b 35350 Jhas Jlazs ! s
a)S 5l 50 b 515 )M 5 prani 5 (5000500 Ajp 9 Ayl slaae aSh sl 5o o5
ol drgi g ol o cawd & bl el Sl Ol piSole e S dngs &S dblie 3 398
< Jlasial 65950 52 )3 1L & (6505 Altans 15L Coglsl 1> Wb <ol olyan (G108 as b
Wb Jluwo 29 xS Jlas )5 o550 IS slaaige 5 (4)lgS5 g ypens sloaie (kS (ol
D9y 059y CaunSild b Cal (Sae (b (S (Sl i canl ol cawd 9 YU cad
JUS 0 et sl S g 423 g0 il ]y ) (6510435 g ymens 5 o590 (slaaie (b oo
hb Biles 53 IS Jasdlysins b oasld g al 51 s ko cilolus (53,8 Loy 5 y28liE
Syt g0 00lil lea bl 555 4 canl 8 O Jlaseiasl dsbobus aS a3l a3l ¢ )lg5 o
Hhb oledbl &8 dble o an . cwl Gupwd jo (3905w jluw (b wledlb] i
1y LT 15 s D5 o Jlas] oo Laslys Lausgs ol cudgazms 45 ool Jo & cCasl 35350
SlSas olaoygd wile ¢ Slen paldl pois IS 010 paend 500 Ko 0 S8 5l sy 4
Lol 5 5S35 5ol diogn 1 39 sl sl xS o5ty b b (o SK55b 5 5 b

1- Critchley & Siegert



=

Ol golio s Sl (slaylSaly g dnogyl 4z lyd ol s £55 30 St Il

8L 53 3)90 (03508 gyipslie (i) JipSotime (S1
ol o Juaswiw! S i 31 (65155 9 (5510520000 ¢ (G5l D P ST

oy Jlassiw! O (g3lwoms 3 Jgo!
&S o 0,55 518 solanwl 3)ge a3 3yg0 dine) ;3 5 0 FSpase Bua Gbolie o Jlastwl
owels 3l o Bl Jlo Jobo 55 o8 St (slaoygs sl |y bilges T 5Ls ons oy
<Lb)§ul3).> uT Ls)lub).:b.) :.))L) 929 04D JLAM‘ u] LS)LJO).A}J L5|)" ol) R ...\..5@
oo b g Loyl clay Lol

oo sy b iblie 5> o 595 5 (30l (Sl (sl el (Gjluvopes3 LIl
:4143-)‘ ..\.:)39.9 u] ‘5)1..»0)..3-.) wL.n 09 ul.’xul).» ‘5.)13) Ja‘}c .wl)l.u dy90 Sad

Tlas 5 Slizs G5 (Sop o (s cellim

lag;s m

aghis Glusgas
s ligebsl JoBB g Wb o alS yoyiwd ;5 Ol Hlade oS oin . asl an ddlaie jo
Olg3se Ygamo ly (3lsopesd cudls .S o Ty Liolidl bajls b cuslize (g3luopssd cud s
dy90 U‘}.‘.’ sz)l'ﬁ" 9 oolasw! le.bo)}.) Qg o0 o law! UTLMUT LSL».M)J FLY UBI.\D‘ U"L"l)"
355 35l olas

e Jsle uTuLda.w‘)JﬁTMwam UTJLAMI W)‘ AW o).o-) uj)l..\.aa
..))‘.) ugu.uu kol & s)l.m 9 i e LSI)" ol o0 lasw! Cv.lLa.o 4 ‘d)l.mb).:b.) dl.hd.:‘.nlw)l

ilwoys3 sbaojlu . a3yls 41,8 T Jlascl dilaze 1Sy 1 Ygemo (silwopsd slaaslols
colin Lolis ouels e (B 0310l & OF (giloopdd (sl oS Wigh shb (s50 4 b
ugé‘.u:) Ls)l.wb).:b.) ‘SJ.J‘.AL» ul.’?c’.‘.:‘ .J....»L»).: JB‘J.} 4 I)).:.’xﬁ9 (WA UM’W 9 Ml.,
db; d)lwb).:b.) alolw Oy ..))‘.) E|tS OL:..os‘aa-a Lsﬁ‘;,;?)' cddlio L5)9J9)‘A:‘.'b ]agbw LY
@A cpeS bl 35390 slajlo ool (ol (B T a8 ol claslobes las 390 ddlaie

WY




S & N \

2 A‘

S ol Ol aslg o ;)

s 3 piamns £33

oas e (sl bsy 51 4l Jlasiul O (giloopsd s o oyd s g5 )03
g 0 0310 gl 43550 S W51 ols sla Sy plaS o a5 50,8 o Slpiiuy

Al i jle m

u.“DLo ug“'“’ dl.m..\m |

B lw Pl 930 )

Ol 5| stoud b 5 0y axbls ey ans 31 30 JolS psbo 0 aiilss o (gilsepsdS jle
b o (6l )il e pmmmeiStas 9 (GpmmesS (SoysiS l (ylom y3 a8k A5 5
D)ﬁ.’l,nfu.&yi 8y9 cd.:.'PL“))bT ‘U’L"" L5‘35 Ly ‘uLo.bm alisko &‘9.")‘ |) Lbu] «)aol.’> LJL’>
Sl 0 S (1) S8 (Ve Fepgileds o' pilg) dijluscon 95290 llas 1S3 51 L 5 oz se
o o i ly il b i 1 Ol opsd axs b

WY

1- Worm




Ol golio s Sl (slaylSaly g dnogyl 4z lyd ol s £55 30 St Il

=

Ol oy d Cops sl (o (450 51 83Uk (ldyluxe -

oo sla gy dad )o Slopsd el (3l b cusline ablss o Ol sl gy 3o
Clue g iyl 4l St 505 69 e ol S8 Jee b s caigd oolazl oy
oS ol e S 5y syt n Yo b S Ly e oS wal Sy (sloshl 4 b szl S
ol o 5o 03litas] Ul 03083 5 epslga (lyy bl s 3o 51 gbolie gyl 5
Al ol e gl bl 0550 b Ysano oo 55k 5 4l o sl (KuiS5 ol 45
Sylge Jolis p ST (cloysuo zalaws Ol oyusd axslo Lt (bre slacodgase Jls (e )0
el o3

Sy g0 plos] 4 dzin i )3 g WS oo 6yl S5 Ty Tl 6390k s laiid ol m

it S Ol oypsd SB claan g Mo  Siw lodw & Cuns m

LB L (P 09380 Syl yann -

Sy 2 A S g0 i pid Veve e 5 0 5l i 53 (5l g dsd Loy 0 o>
Sy oyl o oolinwl pdlas 5 cile gy (St jbke ol yd odis opsd Ol e
bl Jate SouSy 0 il e it b 0Fe 93 3Ly o> 53 (ilopdS

g s 1) )lge 4 425 b e dlal ptre el b g s diga sl

d9>50 slolis m

5 3190 i xS ¢ s o le m

Subm

S bl axsly yro e Yoo 3l a8 glis)l lee (ol 814 sl o cenl Pl 4
a5l e le Yoo 5l iy glasyl b Lol el (el 15 39 o ogmma (g3lazdl coje
] ppaiia &S 510 (gobj plSouiul § cugds

Sl opid sl ysiwl g Lazogs -Y
S92 1y O o 0 48 canl (ilwopsd lias glosl plos Jols (oxdaw (g3lwopsd oyl
2yl g odinyis glaazog> Jols (giluoydd laojlu . 4 o0 0555 (o) o
2L 3985 (slaaa) X9 oo dib b Broe I b ans s gblio )5 (o) 4 & iswn
395 53 (Gilwopdd woe b olaysinl jo el (5w g5 ol el gl oo e
O B opieen g g0 pdls S9as Sl LS A (il e bags ccunSio pro Yoo
S B0 OS5 (alS (glyy 295 o0 7 S5 5l gl g amo e (1S ) il las

WY




S o N \

2 A‘

elygle dnil 4 polio 5 plool (Semudhy sladys b g oy « St b plgi- o |y el slooylgns 5
.(\~ Ji[;':) ..\3‘.;39) ’».Q.u:' ."
g cdlo sloaign g ol aog> sl byl (Ol Glolis 4 an g b Sl 5 azeoss Slal

D550 S <SS 9 oS

5 eloyus 5blis ol (clbpmo; cmools 5| bl dbdzings o b JIssS el 0355 12 el
Sl ilee 5 o colin (gilooyd g Cus 5 005 (G glaa (50 olie
g g0 5 sl 0ad Byoin ladilaog 9 (HBge ol 5l S

A

0353 3bgy il 5 azeiog> 5l (gl -+ IS




=

o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

St =
ooliul g 03y (B slaglyz g il (Jad lawleog) Job JS )0 ol ) e
Wb o (s Alb (0 (9 by (Saw ( S 0gS dw b il las g ar b oS
D 5 4iph S ol S 5 5y 03I (BS5055 « (olidh 300 Ly 4 s £ 5]
o 45 Syl (had ailsog) Sp gl s (S ) o g eped 3 5 Sy
39 e S s Sl 0l )3 3 e L) 395 0liyr o9 3y )8 (S syl
S a8b Seielan (SB s gl e aw & 4295 b sl (See g cunl canlio (3

) o s |y Y5 083 s duw SG 3l gliges (W)

bl I35l )90 w2 codd g ykae (sla by elgil sl lgiiee dw s L S yobo 4
S (S sladw cadl Jlaswl ol Silwoypdd gly d.%)f TP EIVES R IR IR WA
1519 Coglgl 3 YD 4 (5ilo 0633 sl g Elgil ol ) s

olitns Sy00 & (e (St 0)lsnd S L) oy slaoyd (295 oo olsie ®
Og0d o),\}.') UTM ]) g..v]'a oa)fasm

g axsls (glalspo g0 & Algs o SIS g dplops 3529 @50 )0 m

s iolinyd as 5| ISe e

e e & G s b3l B sleyeo ok )8 Cgyle Jalts Lt Lol (51045

Y4




WY

gl e 2929 4 (1Sl Sl o

S s Jusll) @lhe 9 (5y9laS slagye; m

dw Mo (S duw 0yl00 oy (B9 a5 Canl oyl (e (S (slodun 3)50 10 w0 4SS
s 031503 (135 Algmsg 4 G153 5 iy (510393818 1) Conns 5 (22985 g ABL 0 gl oy
b 2o a7y So 4 ) S b 5l (S b b os 035 Ol g e S8
S e aiipe 80 SO a1y STsls o Sghams il b ool oo S 09 g0 JEie dtold

Wi 430 (59, Riw Sl -

e yaa |y Gl e 0y d cladu )0 oud 0 d Ol poes Chias b Wlgs 0w
Sy gt 4 aS 030lg)8 LT cladly) 4 awlys o 035198 ol 5l o dis s (Lo Cidins
31l )18 ol Colre g (S0 cd5lodis

g s (4350 3)lg Als o Lo joge W

..)\))f b),:.:bjlf Lf'bT ub&os me...w uﬁ)ﬁ" el uT)lDu u

Oz Qlsis & odd g b &S (w65 (2 syl ol S el 5 ik Sl
Lsd.,.zf sl cain cale S Lm(j)‘l alo O:" 09905 0dued> L O D0l oo lazl

u.xSa).m AREACER S PRE Lhui C;‘..B)Jo a5 Aimd u.’x‘a.m)::) u)l.>m é§|9 59 LQ)L.JUT

O 33 sl Yoome Bl o (Vood cohSon 5 Taalom ) (Vood (o)) Kan 5 le) conl
Eolamt 53 -9 0 03ltsl o8 )l sl Dlpe (ans )3 5 )3 5 p1 5 sl Bpae g
cabls s Ygane 5 wilond s S J513 55 ¢35t cyal cdiygms 5 3y dlas 3l ¢ sblio 51
JUIS aliasg 43 )95 5ol 45> 5L 5 (Gslaan yolres sl aogn 51 Sllyy OFatin (oS
o (Sooll by J8lus 4y sl Ygomo Jad (Sai)b ool 51 Jols Cblg, 39 g0 03y
e o aibl Slgwy (malS gly sl a8 iids dAxbgs e 0 Byie layl]
208 s Wl 555 52 59 9539 3| GxsSsl e Sty K5y sladbyy (AE prizren
Sty dByg 93 g 0 0433 133 (VW) S )0 &S 568 sl s Lo Sil> Wiy 51 wilo oyl
23 S0 l8 oo 33 13135k 4V oyl (Sdhy a9 1m0 tiign |y I35 4T 303 952

1- Ali
2- Al-Salaymeh

N\

2 A‘



o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

=

Jols Olamd o1y 33,5 5ae3 (sl (wyiand o3l it 1 lasl G ool Sy 4 (sloyas
JSB (V) ) 90,8 0 0035 )Ll O )0 g o Jlaaeial yglome 3lolio CUlg) 9 (Sl 5

K Olasl Sr e g a3, A

Wl OIS ioye glaia VY JSs

1- Prinz

WA




e

Slopdd cLaojlu iy
odley Blas @ cos SB (gloopsd claojle ibsy slp Llgs o (diso pdlae
Ol g A_gu i lw LSI)" Gl uSsM ) d)lmwfl)m ..\.:)..f)‘)ﬁ oolaw! d)yg0 (UTW wlals
e 3350 w8l g 9 wsbye A= pso @ ) 38 HB eolisul 90 e
Cadgiin AL yte gl Ve JBlas b e 0l pSTite 4¥ Coluis (3ga5 5 i 3l (5puSgl>
Sl 2oyd (gl oS ol I > s alS gl @Bl ) a5 o) Db i
ol bglswe H L cdgin . cunl 48,8 )18 s0latn] 3)ge cadibge b cditud 4315 cuisyd elyd
buogio cBb b (S5l 5 4 So b5 29800 002 )8 4 o 3l 1230 Bas @ claY 50

gy g0 0310 gy

AL or 92,08 4 b waw )3 plgiee oo |) ilises sladdyg 5 olad lapigy
D sy cuts S sl olae 4 SO oS o 0,8 soliwl s 5 0 b g byl
90 04iiSy pdlas cuelus (008 s b pdlas (65)h8 (gl Wb (SB ojls 8- o
g o ddlio] s 0 Sli pdlas )] )0 45 tewd ol b . Canl yio 5l VA=Y« D5
3L Y] G ol

SPE) ol (b ((PVC) slf Juog (b oz 5 Settly (sloig 5| o gl
Bes § Wb oo ardlis aiS o (6pSols i 31 & sdlas lgie 4(CPE) I oLsl b
03138 A5 15 )3 o (Setly (glabyg ol 9y 0 o 3l 580 )P S 0 )18
6l Wb g oo oolawl JB mlaw o By aS I 50 il yog)Sie YO-Y Wb Wigd o0
Al yreg)Sie VeIV e o ol

Sl la s (sloygd g posune 2k
ks se b el alex 5 asme s sl (ol )0 labad b cyles 4 oS el
ol caaS b canl hal BB late aw 3l ol ol asl e dxlllas 3y50 055050 il 38
Ol oS oolitusl (slaasgS g 95 g oolitusl (ilime il coolitul 3y50 Ol 3 15 g)lows Jolse 5

sl i) 5155 dasbs Sl sS ol 5 (Sl (slaygset]
Loy geiial Gl 51 155 g0 s Sl oy 0 Syiie (1 b g (gpme o syloge 51 Syl
o Wl o oS b gilaws ol 4 Gty > ol 5l (6pSslr g 9 (el 5 Jiixie
o9y 03 (P (sl 53 55l Cuand ol 205 JyuiS 5l )l 5 SRS wlils

N\

2 A‘



=

o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

b 3yl kil a5 Wb 5 23l g polie (liae o ogdle L AbL o
g5 9 ol Canbie Sl slajssetsl g WL ol cadlllas o Bk
ol 005 )8 axllas 5 sy 3590 LS, o 0l Loy g3l ol 51 s Jsbo 55 o (oloessS
5 xSl oo 51L g ddlato )3 292 50 slaymysd Sl ead cud bl Ly b s o b )

2l ploul wlialie eus
loolo ) a0 g3l Bhbl ) ohlssdasb 5 0Ly (soumline Gl colgs )
odlanl nals'y (bl e b ool (aalS L Giolidl byl g ouds sy g ol Jlo ciliseo
el ol aliasg 0 OF (ools oS sans) yol ol 4 Colgi 50 5 9,8 115 alllas 3y50 5l

sl 0kt (g g darbs 5 S5 (glncodled i1y 4368 B3l oluss tnls

Yoo




e
b (s b Slasl cga calio 3blio s YA LG cglawl g p c (250 1) ((0lpop )
cole liuol pMo cud 1 (g0y50 dalllas . lye dludis Julows g SLdlias cleMb] it 31 ool
FE-OV Y b Ll dolilad

Gblie ) iy Sl (gl ol sl (sla gy ascaslyl s (ALK AYAY o (gylialis (gpinn Y
Ayl wlitylS 4l bl S e L6390 adlllan . S

@ oy Uil 3l ool g (loged ohb of Jlasul AT .z (o5 olblb .o aSs Y
ol Sl s sl bl o iplan 3l clis 3l o T el olaie

¥l sla- )b 4 ailig) (sla gyl S Tas Conss gy WA p 23 oila 7 o5 ladlly .
DAY AT lblas e ligiog dolilad ol o

5 dxasgd «liing Spe . Std gblio 1 655laS el bl o Jlasul AYAY o (g S .0
IS0 ylojls oS

el Slas ] datne gblie oLl NAYAY L o (owld . p SOLS . ¢ g0 Juslowsl . (08 . F
538 gstee 58 dilate :(5)90 anlllas . jasls Slingy o Juo 3l oolisal b ol soal 4l
Y e 5 ey Lags ol o iplan oz olislosS

Nl (eo)l8 (helapld AYAY g ggae Y

8. Ali,A.,Oweis, T.,Salkini,A.B. & E1-Naggar, S. (2009). Rainwater Cisterns: Traditional Technologies
For Dry Areas. International Center For Agricultural Research In The Dry Areas (Icarda), Aleppo, Syria.

9. Al-Salaymeh, A., Al-Khatib, I.A. & Arafat, H.A. (2011). Towards Sustainable Water Quality:
Management Of Rainwater Harvesting Cisterns In Southern Palestine. Water Resources Management.

10. Boers, T. M. & Asher,J. B. 1981. A Review Of Rainwater Harvesting.

1. Brigham, W. R. & Stevenson, C. 2003. Wildlife Water Catchment Construction In Nevada. Technical
Note 397.

12. Ceme. 2002. Canadian Water Quality Guidelines For The Protection Of Agricultural Water Uses. In:
Canadian Environmental Quality Guidelines 2002. Canadian Council Of Ministers Of The Environment,
Winnipeg.

13. Commonwealth Burecau Of Census And Statistics (Cbes) 1946. Official Year Book Of The
Commonwealth Of Australia No. 37-1946 And 1947, Commonwealth Bureau Of Census And Statistics.
14. Critchley, W. & Siegert, K. (1991). Water Harvesting: A Manual For The Design And Construction
Of Water Harvesting Schemes For Plant Production. Food And Agriculture Organization Of The United
Nations, Rome, Italy. Available From: Http://Www .Fao.Org /Docrep /U3160e / U3160e00.Htm (Date
Of Access 20th Feb. 2012).

15. Dedrick, A.R. (1975). Storage Systems For Harvested Water. In: G.W . Frasier (Ed.) Water Harvesting

N\

2 A‘



Ol golio s Sl (slaylSaly g dnogyl 4z lyd ol s £55 30 St Il

=

Symposium, March 26 28, 1974, Phoenix, Arizona. Us Department Of Agriculture, Agricultural Research
Service, Berkeley, California, Usa. Pp. 175 191.

16. Dedrick, A.R. (1975). Storage Systems For Harvested Water. In: G.W . Frasier (Ed.) Water Harvesting
Symposium, March 26 28, 1974, Phoenix, Arizona. Us Department Of Agriculture, Agricultural Research
Service, Berkeley, California, Usa.

17. Dupchak, K. 1999. Evaluating Water Quality For Livestock. Manitoba Agriculture, Food, And Rural
Initiatives Factsheet. World Wide Web Document Http://Www.Gov.Mb.Ca /Agriculture /Livestock /
Ntrition /Bza0ls06.Html (Accessed 4 /20 /04).

18. Edwards,K. A.,Classen,G. A. & Schroten, E. H. J. 1983. The Water Resource In Tropical Africa And
Its Exploitation, International Livestock Center For Africa.

19. Falkenmark, M., Fox, P., Persson, G. & Rockstr m, J. (2001). Water Harvesting For Upgrading Of
Rainfed Agriculture: Problem Analysis And Research Needs. Stockholm International Water Institute
(Siwi), Stockholm, Sweden, Report Number: 11.

20. Forzieri, G., Gardentia, M., Caparrini, F.& Castelli, F. 2008. A Methodology For The Pre-Selection
Of Suitable Sites For Surface And Underground Small Dams In Arid Areas: A Case Study In The Region Of
Kidalm Mali. Physics And Chemistry Of The Earth.

21. Haan, C.T., B.J. Barfield And J.C. Hayes, 1994, Design Hydrology And Sedimentology For Small
Atchments, Academic Press; And Waterfall, P.H., 1998, Harvesting Rainwater For Landscape Use, Rizona
Department Of Water Resources.

22. Hanson, L. S. 2008. On The Statistical Nature Of Daily Rainfall And The Storange Reliability - Yield
Behavior Of Rainwater Harvesting Systems In The United States, Proquest Publication.

23. Hoogmoed, M. (2007). Analyses Of Impacts Of A Sand Storage Dam On Groundwater Flow And
Storage. Amsterdam, NI: Free University Amsterdam.

24 . James C. Cathey, Russell A. Persyn, Dana O. Porter,Monty C. Dozier, Mike Mecke And Billy Kniffen
.2006. Harvesting Rainwater For Wildlife. Agrilife Extension, Texas A&M System.

25. Janardhana Raju, N., Ready, T. V. K. & Munirathnam, P. 2006. Subsurface Dams To Harvest
Rainwater - A Case Study Of The Swarnamukhi River Basin, Southern India. Hydrogeology Journal.

26. Khouri, J., Amer, A. & Slih, A. (1995). Rainfall Water Management In The Arab Region. Prepared
By Unesco /Rosta Working Group. United Nations Educational, Scientific And Cultural Organization /
Regional Office For Science And Technology In Africa, Cairo, Egypt.

27. Krausman, P. R., Rosenstoc, S. S. & Cain, J. W .2006. Developed Waters For Wildlife: Science,
Perception, Values, And Controversy. Wildlife Society Bulletin.

28. Leibundgut, C., Mcdonnell, J.J., Schultz, G. A., Sciences, I. A. O. H., Geodesy, I. U. O. &
Assembly, G. G. 1999. Integrated Methods In Catchment 22 - Hydrology: Tracer, Remote Sensing And
New Hydrometric Techniques: Proceedings Of An International Symposium Held During Tugg 99, The Xxii

y.Y




v

General Assembly Of The International Union Of Geodesy And Geophysics, At Birmingham, Uk18-30 July
1999, lahs.

29. Linsley, R.K., Kohler, M.A. & Paulhus, J.L.H. (1982). Hydrology For Engineers (3rd Ed.). New
York: Mc Graw -Hill.

30. Longjunci, X.Y. 2010. Desertification And Its Control In China, Springer.

31. Malesu, M. M. 2007. Mapping The Potential Of Rainwater Harvesting Technologies In Africa: A Gis
Overview And Atlas Of Development Domains For The Continent And Nine Selected Countries. World
Agroforestry Centre,2007.

32. Mati, B. M. 2006. Overview Of Water And Soil Nutrient Management Under Smallholder Rain-Fed
Agriculture In East Africa, [wmi.

33. Mzirai, O.B. & Tumbo, S.D. (2010). Macro-Catchment Rainwater Harvesting Systems: Challenges
And Opportunities To Access Runoff. Journal Of Animal & Plant Sciences,2010. Vol. 7, Issue 2: 789 800.
Access Http: / /Www .Biosciences.Elewa.Org /Japs

34.N.A.0.S2001. More Water For Arid Lands: Promising Technologies And Research Opportunities. The
Minerva Group, Inc. (U.S)

35. Nissen-Petersen, E. (2006¢). Water From Roads. A Handbook For Technicians And Farmers On
Harvesting Rainwater From Roads. Nairobi, Kenya: Asal Consultants Ltd. And Danish International
Development Assistance (Danida).

36. O’gara, B.W., And J.D.Yoakum.1992. Pronghorn Management Guides. Usdi Fish And Wildlife
Service, Washington,D.C.

37.Pacey, A. & Cullis, A. (1986). Rainwater Harvesting. The Collection Of Rainfall And Runoff In Rural
Areas. Intermediate Technology Publications, London, Uk.

38. Peterson, H.G. 1999. Livestock And Water Quality. Agriculture And Agri-Food Canada, Prairie
Fram Rehabilitation Administration. Word Wide Web Document Http: / /Www.Agr.Gc.Ca /Pfra /Water /
Livestck E.Htm (Accessed 5 /16 /04).

39. Prinz, D. (2010). Identification And Design Of Potential Water Harvesting Interventions In Selected
Watersheds Of Northern Libya. Arc Libya Icarda Collaborative Program, Water Harvesting And Irrigation
Management Project, Tripoli, Libya. International Center For Agricultural Research In The Dry Areas,
Aleppo, Syria.

40. Quilis, R.O., Hoogmoed, M., Ertsen, M., Foppen, J.W., Hut, R. & De Vries, A. (2009). Measuring
And Modeling Hydrological Processes Of Sandstorage Dams On Different Spatial Scales. J. Phys.
Chem. Earth., 34(4): 289 298. Available From: Http://Tudelft.Academia.Edu / Mauritsertsen /Papers
/1461726 /Accessed 15th Jan. 2012.

41. Rain (Rainwater Harvesting Implementation Network) (2007). A Practical Guide To Sand

Dam Implementation [Online]. Rain Foundation, Amsterdam, NI. Available From: Http://Www.

N\

2 A‘



o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

=

Rainfoundation.Org /Fileadmin /Publicsite /Manuals /Sand_Dam_Manual_Final .Pdf [Date Of Access 6
September 2007].

42 . Ramakrishnan, D ., Bandyopadhyay, A. & Kusuma, K. N.2009b. Scscn And Gis-Based Approach For
Identifying Potential Water Harvesting Sites In The Kali Watershed, Mahi River Basin, India. J. Earth Syst.
43. Rice, W. 2004. Water Harvesting To Benefit Wildlife: A Simple, Cheap, And Durable Sub-Surface
Water Harvester For Remote Locations. Environmental Monitoring And Assessment 99.

44. Runyan, C., And J.Bader. 1995. Water Qulity For Livestock And Poultry. Cooperative Extension
Service Guide M -212, New Mexico State University, Las Cruces.

45. Santos Pereira, L., Cordery, 1.& lacovides, 1.2009. Coping With Water Scarcity: Addressing The
Challenges, Springer.

46. Scanlon, B., Keese, K., Flint, A., Flint, L., Gaye, Ch., Edmunds, W. & Simmers, I. (2006). Global
Synthesis Of Groundwater Recharge In Semiarid And Arid Regions. Hydrol. Process. 20,3335 3370.

47. Sengupta, N. (1993). User-Friendly Irrigation Designs. London: Sage Publications, London, Uk.

48. Serwan, M. J. B. & Kamruzamanwan, Y. 2003. Modeling Optimum Sites For Locating Reservoirs In
Tropical Environment. Water Resources Management.

49. Soltanpour, P.N., And W.L.Raley. 1999. Livestock Drinking Water Quality. Cooperative Extension
Livestock Series Leaflet No. 4.980, Colorado State University, Fort Collins.

50. Steven S. Rosenstock, Michael J. Rabe, Chantal S. O’brien & Robert B. Waddell. 2004). Studies Of
Wildlife Water Development In Southwestern Arizona: Wildlife Use, Water Quality, Wildlife Diseases,
Wildlife Mortalities, And Influences On Native Pollinators. Technical Guidance Bulletin No. 8. Federal Aid
In Wildlife Restoration.

51. Strangeways, 1. (2006). Precipitation: Theory, Measurement And Distribution. Cambridge University
Press, Cambridge, Uk.

52. Unanimous. 2012a. Rock Catchment Rainwater Harvesting [Online]. Www .Paceproject.Net.

53. Unanimous. 2012b. Runoff Collection Using Surface And Underground Structures [Online]. Available:
Http://Www.Oas.Org /Dsd /Publications /Unit /Oea59e /Chl4 .Htm.

54. Unanimous. 2012c. Water Resources Development Projects [Online]. Available: Http://Web.litd.
Ac.In/ Chahar /Courses /Cel351 /Dams -720introduction.Pdf.

55. Worm, J. & Van Hattum, T. (2006). Rainwater Harvesting For Domestic Use. Agrodoc 43. Agromisa
Foundation And Cta, Wageningen, The Netherlands.

v¥







P

g ST
Ol ST Z gtois 059 53 S
N 109 0yt jo2 50




Aol

ol 03,8 1)) S 1l oz b S el Juad 15 & sy g0 olalllas 31 ool golis
s 31 bl o Sl iloles Gl cgn (39sS ays 5 oo S bl s gaie
Congy o JS o)l g o QY 3l e bslis 3 3383 (g0 b bl o 08 (S 2le
30,8 3gb 7 b 3905 (2l 4 Pl b xSl sl ezl yllas 5 o ol ol
L (OTAY goge —0lS Qe ole ) )b adppdy pgo (2l Ul 9) Gty Cosgrn 5
sl ond S ail)l (gopai g patse )go

o1 sl Jolya

L b ol g pastie Jowe ;3 ,bU 5 Log)lS lawgs ojy (shal odgume s doye g m
A8 E gyma

o) s § 00 (Syslaen prej el 31 o S ai¥ dlsyo ol 3 IS s (g3lST m
OV S ol odis blysase

e V0ee g dule (5 Y loww dunsS ¥e Jolis wlliae Jissl 515 050 llias 51 o5 Joo m
(Y JS8) 25k sl Jore 4 cany (2 ol 3l

Mo g (St gdlan b e ¥Y 390 Jobo 4 0)l0d 3y90 93 11500 7 olans clasyled lus| m
Y JSs) ol 0000,8 eslus ] lag

Pl gyse (S o cope el 4 angi b oL oy (s (g)lapSTe 5 S o m
(F JS8) sl 0008 5155 o oo

B 35 o)l Gyl dus gy paais loy U ceomnd (il y3 155500 Jlaun )b aw lus | m
(F ) sl 043,85 i lages @bhe 5 Sitas o b 20 S, gl

01 plrsl ol )yl 5 (S 2 Slilas Az Sl 4 23l 1 Sose) azogs S W
(0 JSo) db algd aslsl o] el oSS lan JUs! 31 g

a5 L sl 55 &0 oY sl 5 0015 (5L 550 0 Iy Copming 31 IS (sl 35 5 Ui 0
JoS5e cunlin yloj 40 g 0355 y9de las ol cddlain )3 lga 39 g anbys Ol el Yo
O FRVERS

Il cawd jo Jolpe

ol 5 55l Slasl B ouiiS gl o 0yl 5 (Saws oo i ol

gy 46l Ol 90 slo gy sl g 7809my 0 Ol Jlasl JUIS @l
e o gl 1 s5lsl elo Uy m o sy 9 S Slisl
wlolw 3 ,Slas § 350 i Ol cus m i g e JolS Slasl m
wlobo il 5 515 pjeel @ Oy S Glyesl sy syl m




YA




v

(z)

e lsed By dw @las () § () (dll) -F JSa




o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

Y.







o gl opmals Sl (slaylSal g dragyl 42y ol gt 955 0 St il gy

A pre-feasibility study shows that in three out of four important Urmia islands (i.e. Espir, Kaboodan
and Ashk) there exist long sloping rock surfaces with a good distribution which can be used as
an impervious catchment for runoff collection. It is only the Arezoo Island that has more gentle
topography and is covered with a weathered surface layer so that an artificial impervious catchment
may be needed. In order to avoid any habitat damage resulting from prolonged use of forage, the
rainwater catchment and watering points should be located at appropriate distances from each

other.

The cost of RWH implementing systems includes catchment isolation, cistern, fencing, accessories

and installation cost. Construction cost of a 15 m3 capacity RWH system can be estimated as

follows:
PVC membrane 150(m2) 10 1500
Precast Cistern 15@m3) 4500 4500
Accesories 107 600 600
VY
fencing 50 (m) 15 750
Instalation 1000 1000

Total 8350




W

for any similar locations within and outside the Urmia region provided they have the same
climatological characteristics. The manual starts with rainwater harvesting categorization and
applications. The prerequisite studies are explained and some of the most reliable and state
of the art solutions are introduced. Design methods and construction details for rainwater

harvesting systems along with operation and maintenance instructions are also presented.

Rainwater harvesting systems are composed of a catchment, conveying devices and storage facilities.
The catchment should be almost impermeable and large enough to provide the required amount of
water during individual or several consequent rainfall events. Catchment surface may be naturally
impervious or can be artificially isolated for maximum runoff production using different material
types such as cement, bitumen or PVC membranes. The latter is the most common material used
for waterproofing the natural slopes where the ground surface is not impermeable enough. Provided
that it is properly installed, 80% runoff coefficient with minimum of 20 years lifetime has been
reported from previous cases. Runoff generated by impervious catchments can be conveyed into a
downstream reservoir using a pipeline or low height ditches. Reservoir capacity should be tailored
with respect to the long-term average monthly rainfall frequency analysis. Another important
criterion for selecting reservoir capacity is that the water storage should serve throughout the dry
season lasting for more than 5 to 6 months with no rain at all. One can use a prefabricated reservoir
or it can be constructed in situ. In cases where water is harvested for plant production, runoff
produced from catchment may be conducted directly into the plant root zone. A simple connection

between the reservoir and watering point will be established via a pipeline and a floating valve.

Some sort of filtration is required to avoid any debris or birds waste entering into the reservoir.
Water quality can be further guaranteed by regular cleaning and fencing the catchment area. Water
circulation and aeration can be achieved by proper installation of intake, outlet and ventilation

openings.
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element of this support was directed to finding a solution to the provisioning of freshwater to
sustain valuable wildlife on the islands of the lake. In particular, two species of threatened mammals,
Dama mesopotamica (Persian Fallow Deer) and Ovis orientalis gmelini (Armenian Wild Sheep)
have been introduced to the southern islands of the lake.

Until the severe drying of the lake occurred, the islands provided reliable water and food availability
for these valuable mammals and other biodiversity. However, the mammals now disperse from the
islands over the bed of the lake in their search for water and food. Occasional counter-measures
have been undertaken by local authorities including water transport by ship and helicopter, but
these are not sustainable in the long-term. Apart from water scarcity, animal forage has also been
affected by the recent drought. Therefore, any solution proposed for providing animal drinking

water, should consider the sustainability of food supplies and planting practices at the same time.

The report contains five chapters:
m Chapter 1 presents a general reconnaissance study of Lake Urmia, including meteorology,
physiography, geology, water resources and bio-diversity. An assessment of the critical
facilities for water supply, available within an accessible distance to Lake Urmia’s islands
is made. These include access to water, electricity and transportation as well as possible
shortcomings with regards to what might be required for proposed construction activities.
Based on past experiences, an estimation has been made of the wildlife water requirements.
m Chapter 2 presents common practices for rainwater harvesting in dry-land regions which
have been documented by relevant international organizations such as FAO and ICARDA. A
review of domestic and local activities with regards to wildlife watering experiences has also
been included. A brief introduction is also presented about the most common definitions and
categorization of different rainwater harvesting methods and applications.
m Chapter 3 reports the results of a very comprehensive field survey of Lake Urmia’s islands
which was undertaken, after all maps and previous studies had been accurately reviewed.
Existing water supply potentials, such as stream networks and land cover as well as
groundwater aquifer, were considered during many site visits. Detailed specifications such
as rock type, topography, catchment's dimension and land cover were evaluated according to
prescribed weighting criteria.
m Chapter 4 introduces the most feasible solutions for supplying water for wildlife on Lake
Urmia’s islands. The proposed methods are rainwater harvesting from artificial and rock
surface catchments as well as construction of underground dams. This selection has been
made based on present land surface and stream networks. The most reliable locations
with regards to rainfall-runoff characteristics were selected for an immediate construction
program. Based upon site selection and project type reported earlier, cost estimates for
each individual solution were prepared and presented. Typical drawings for site layout and
ancillary structures are presented at the end of the chapter.
B Chapter 5 presents a special manual that has been developed for rainwater harvesting

methods to provide water for wildlife on Lake Urmia’s islands. The manual could be applicable
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Rainwater Harvesting for Wildlife on Lake Urmia’s Islands

SUMMARY

This report presents the conclusions of a detailed review of the best options for rainwater harvesting
to provide a reliable source of freshwater for valuable wildlife on the islands of Lake Urmia in the
Islamic Republic of Iran.

Rainwater harvesting (RWH) is a modern solution for collecting, conducting and storing rainfall-
induced runoff from natural and artificial impermeable surfaces. This method is particularly useful
for remote areas where usual water supply systems may not be applicable.

The report was prepared by Iranian Rainwater Catchment Systems Association (IRCSA) for the
Conservation of Iranian Wetlands Project. The conclusions are based on a review of international
best practices, as well as field investigations at the site. The results are of specific value for addressing
current biodiversity conservation challenges at Lake Urmia, as well as of general interest for applying
similar approaches in other regions.

Lake Urmia is a vast (5000 km2) hypersaline lake in NW Iran. It is a National Park, UNESCO
Biosphere Reserve and Ramsar Site, of great importance to biodiversity and to the more than
5 million people of the region. Over the last 15 years, the volume and surface area of the lake
has decreased alarmingly, with a simultaneous increase in salinity such that the lake has lost its
important ecological functions. This has occurred as a result of excessive abstraction of water from
the catchment for irrigated agriculture, as well as long term climatic changes in this already semi-
arid region. The situation at the lake has become a national crisis, and significant measures are being
implemented to address the problem.

The Conservation of Iranian Wetlands Project was launched in 2005 with the support of
UNDP, the Global Environment Facility and Iran’s Department of Environment. It has focused
on the introduction of ecosystem-based and participatory approaches for the conservation and
management of Iran’s wetland protected areas, including Lake Urmia. Since 2014, the Government
of Japan has joined the effort to support the restoration of the Lake, with generous contributions

via UNDP and CIWP to a number of activities, in particular sustainable agriculture. One sub-
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