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Wetlands as is well known are very important for water quality improvement. 
hydrological control and overall stability of natural ecosystem. These are home to vnsr 
genetic resourn both plant and animal origin. hence it is imperative on the pan of the 
humanity to con.sewe Werlands for long lasting effects. 

Wetlands arc either natural or man-made. Most of the natural wetlands have been 
eliminated due to human intervention while at the snme time artificial Wetlands have 
emerged all over the world due to manipulation of water resources mainly rivers for 
various purposes. Harike wetland is one such man made lake which came into existence 
in 1952 by erecting a barrage at the confluence of Sutlej and Beas at Harikepanan in 
Punjah. I t  was declared a "Ramsar site" in 1990 hy Govt. of India and 1s one of the SIX 

wetlands included in "Ramsar list". 

Harike Wetland is home to large avi and fish fauna. hut toduy 11 is faclng an ecological 
crises. An increase in agricultural and industrial activities in catchment and surrounding 
areas has resulted in its deterioration over the years. The main cause of its degradation 
heing siltation. weed infestation encroachment and pollution. Al l  these ingredienth 
except encroachment enter into the system through its 2 resources. Sutlej and Beah. In 
order to find out the level of pollut~onal influx hrought in by two rlvers and its impact on 
wetland ecosystem mainly fishery. a project "Evaluation of ecological and fish 
community structure of l n d u  Systeni" is heing undertitken hy the scientists of Karnal 
Centre of CIFRI. Hartike wetland forms the par1 of the project work. This document 
\ummar!\e> the findingr on ecological biological characteristics and fish pmductioll 
potentla1 of wetland carried over 1 years from 19W-2002 
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I. INTRODUCTION 

H d k e  W d d  falls in Amriw, Klpurc)ulr snd b g w  districts of Punjab. It 
ame into existence in 1952 as a malt  of the con- of bu ry~e  a~ mflwmr of 
rim &as and Sutkj (main 2 rivcra of lndus system within Indian arritay) at 
Harikep~ttan. with the objective of providing Qinking nnd i n i d o n  facility to 
Souhem Punjab and Rajawhan. , 

The wetland is known for its ridh quatic plant and animal diversity and anmas large 
population of avifauna. b supportc me, vulnerabk and endangered fwnd species 
which include the temdine nurk (Glrmlemys harnilranii) and smooth Indian oner 
(Lutm pcrspicillata) both of which arc listed in the IUCN Red list of thrrrtencd 
animals ( M h w  rf id, 1994). h harbours large and d i m  fish population and was 
vital source of fish for the paopk of Punjab. till ~ I C  advent of new cennuy 

Harike is one of the six wetlands of international irnpwlnce in lndia designated 
under "Rnmspr Convention" and is known as "Ramsar sin" sinct 1990. Mlnistry of 
Environment and Forests. Govt. of India, declared it as a "awrVe" in 1987 and as a 
Sanctuary in 1992. but fishing ew was allowed in dK system. In the year 2000 the 
Sanctuary came under "Wild Life Act" and fishing was totally banned rhoreby 
making a great dent on the natural fishery rrsourres of the state (Moza anU Mishra. 
2002). 

2. PHYSIOGRAPHY 

Harike one of the largest wetlands of N o r t h  India is situnted 3I013'N latitude, 
7S012'E longitude. I t  war initially spread over an expanse of 148 sq, km . But now 
wetland/sanctuary i s  apread over 86 km" only. of this 45 km" is dry area and 41 km" 
wet ma .  

The wet area i s  actually reduced 10.28 km-' on account of siltation and encrolchmmt. 
Wtthin the wet area. actual deep water is only 17-18 km". rest is marshy. Of the I 8  
sq. km deep water . open water is spend within 8-10 km only rest is infested with 
water hyacinth (PPCB. 1995). Water is lentic in several pockets and lotic in some 
portions. Then are zeveral islands and broken lands within the wetland. 

3. ANTHROPOGENIC ACTIVITY AROUND THE WETLAND 

Harike wetland is surrounded by agricultural fklds an all sides and largely by 
township of Amritsw and Kapurthala districts. Effluents from t k  two districlu and 
imased agricultural activities find direct access to this lake. In addition the wetland 
is influenced by dotnestic, agricultural and industrial waste of almost whole Punjab 
bmught in mainly by r im Sutkj via Bud& Nallr snd Chittibein and to ksm extent 
by rim Beas and Kalibein. 



Herike d a y  ir f a n g  an ccok@aI aids, wlcr  hyac~nth has in- Bt s)ldom 
largely covmng nearly 809 of opm wata wofrc. Its spread okrtrua I& frsG tlow 
of waw. inmaus silw~on mcnby raising bed kvcl which in awn rfkcrs I& 
productivity mainly tisheq. 

4. HARlKE ECOSYSTEM 
Hnrike ecosystem wa\ m o n i t d  by measuring (i) Availability of w r t a  nranx 
within wetlund (ii) Sdl and water quality (iii) Primary prakcti and (iv) B i i  
communities - prcwnce and composition st such a position which d e c t s  the minwal 
and othu load braught in by 2 rims and mixing up of2 rrsouras. 

Location taken up wag at the right bank of " M e C  at the influx of river Sutkj. (site 
i) Second site (ii) wat at the left rite at the influx of river Bas. Third site (iii) was at 
the confluence of two r ivm in the middle. upstream of barrage. 
Obravations were taken up fa a Mod of 3 yean from 1999-2002 on ~uronrl ba3ia 
(pre-post-monsoon and winter). 

4.1 Availobllity of water (cusees) at Hnrike Head Works (Fig. 1) 

Harike Head Wortr has sufficient waw except summers (April-May), as such 
paucity of water is not a problem for this Wetland. 



~eitland has sandy loam Lait at the s i t a  of idusion of both the r i m  (Tabk- 
2). Tawre hecoma Mndy (61.75-76.334 4) rt the c o n f l ~  site, may 
b e d u e t o r c n f i n g o f ~ k u u a e o f ~ o f & n a g e .  

Soil of Harike is alkaifnc rt all sites in all seasons. pH ranging bc~wcun 7.25 
to 8.04. Availability of organic carbon. 0.40-0.559. avulabk niuogan. 9.4- 
26.4 mg1100gm. available phosphorus 0.44-1.05 mlljlOOg within Harike 
designate i t  as mdium productive. Specif= conductance range of 208-245 
pmhos/cm along Sutkj bank site deptct the aru having good amount of 
dissolved solids in all seasons cornpad to Beus bank site. having 
condumnce of 152-21 1.67 pmhoslcm. Thc values also depict that monsoons 
do n a  cru* much dilution in influx of river Sutkj. 

4.3 Water quality 

Water tentpernure of wetland exhibited large flucruation (Table 3). It being 
high 19-31°C dur~ng pre-monsoon. moderate. 25OC during post-monsoon end 
very low 14- 14.3''C during winter. 

Trnnrpnrency al\o exhibited large variation 16.6-45.0 cm depending on the 
seuron a, well as nature of contributory resource. 

Chcmicnl charackrictks 

pH of warr was alkaline in the range of 7.1 1 to 8.14 excapl at Sutlej bank site 
(6.74) and confluence s i r  (6.8) during winter indicating unhdthy condition 
of WPUT along bite - i during winter. 

0th chemical charancristics like dissolved oxygen. total alkalinity. total 
hardncs~. dirrdved di and specif= conductance show Herib aquatic 
rrsourcn; delineated inw different compamnents. The artas undcr the 
influcm of &a river has rufficimt DO. 6.0-8.8 mg/l, productive alkalinity 
72.0-94.67 mgn. Watec hardness range of 87.5-107.5 mg/l. Total dissolved 
solids mngc of 87.0-106.5 mglt and rpcit ic conductance of 175.3-215.0 
pmWcm do not warrant much organic hi. 

The ares undcr the impact of Sutlej river had very Low DO, 3.6-4.4 mfl. high 
alkalinity of 97.0-152.67 men. Total hwdnas, 112.5-166.7 mg/l. total 
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dirwolved aolidb 139.5-195.7 mgll pd rpcdfi amdwtmm d 282.0-356.67 
pmhoJEm warrant high organic laad in the ra. 

The area II( confluenn site - iii show the imprt of both k rwnmes. Iht site 
b cooducive DO. 7.0-7.3 mg/l and looll alkalinity, 77.7-1 12.9 m. W w  
hardness ranged knmon 88.8-1 15.0 m@. Total disrolvcd solids ran@ 
between 116.7-122.7 mgll and npscif~ condo*moa 231.0-258.7 w c m .  
7he ahove value show ctut water chanrterish of w a W  an owdl 
conducive for productivity except the Sutkj bonk site during winter. 

The phpttate range d 0.02 to 0.19 mgn rr all sires in all sessons also 
confirm the productiw nature of ontlami. 

4.4 Primary productivity 

Omrx primary production of the wetland diffnad at different sites (Table 4). It 
k i n g  highest in thc arurr under the impM of two rivers compared to 
confluence site in all licasons. The productivity was high during pre-monsoon 
at all rii~es compared to post-monsoon and winter. T)K decma in grms 
production along Sutlej bank site during winter my be under the impact of 
pollu~ion as ir obsrvcd by its roil and water characteristics. 

Gross Prlmary ProductlvtCy at H8rike Wetland. 

I 
I 

Subj Beas Confluence 
~.P~.uI.-.-) 



Standing crq, of plankton did not vuy much within the wetlrnd d u w  thc 
tenure (Table 51). It mngd betwan 267-300 u/l along Surkj bmk, high 
during prc-monsoon than odwr seasons. 'Ih density dong bas b ~ k  sile was 
coqarattwly more 325-350 uil, high during post-monsoon to win& and at 
confluence stte the dewily was midway bcrmen two, 300-333 d low during 
winter. 

Plankton composition unlike density exhibited marked miation at 3 a h .  At 
site no.(i). the population composition had 69% p h y t ~ p l m k t ~ ~  md 31% 
zooplankton. Phytoplankton wen contributed llmost qud l y  by the 
bacillariophyceae (29.15-26.134). chlorophycura (23.3-20.6s) and 
myxophyceae (21.617.754c). Zooplankton population was contribulsd by 
mt i fm  (8.3-1 1 .I 1%). copepods (4.7-20.88) urd clrwkKvnns (nil-16.63%). 
Dominance of cladoccrans during winter suson confinn that during winter 
polluted ingredientb specially organic in nature i m k w  in Sutlcj thacby in 
Harike. 

Microphytic vegetation along site (ii) had 779 of phytoplankton and 239 of 
zooplanktons. Phytoplmkers wen contributed by bscillariophyceae (30.9- 
39.78%). chlorophyc.ae (20.52-30.9%). myxophyceae (14415.4%) and 
dinophycex (nil-4.2%). Zooplanktons were contributed by rotifen (3.7. 
8.92%) and copepwls (9.7-15.4%) only. Comparative low presence of blue- 
green algae and abwnce of cladocerans at this site in all seasons denote that 
the amount and nature of effluent brought in by Bear is  compmtinly less 
polluted than Sutlej. 

Microphytic vegetation at confluence site (iii) was 81.49 phytoplankcas and 
18.6% zooplankters. Phyto wen contributed by bacil~ario~hyccae (27.15- 
29.209). chlorophyceae (3040%). myxophyceae (16.3623%). Zooplankcen 
were contributed by rwtifen f 10.80- 16.30%). copepods (nil-8.3%). Dominance 
of chlorophyceae. presence of considerable myxophycerv and rotifas exhibit 
this sile eutrophic. 

Standing crop of pcriphyton exhibited variation at differant &em (Tabk 
$bland in differmt seasons. Over all density war low during pr&- 
and high during post-monsoon. 

At s~re (i). the density was ksr. It being nil during ptnoaoooll md mged 
between 367-350 wm' during port-monsoon to wfnurr. Ihs oompolricion like 
plankton was equally contribrrrad by Wllrrbopkyccre 430.2&37%), 



chlaophyccae (34.93-27.64%) Pnd m y r o p h v  (3222-37.29). Raarc d 
blue-gmn algae almost equal to dirolnr in open water symn, &no& &c site 

At rite (ii). periphyton crop rangad between 150433 unn' low dwhg pe- 
m o n m  and high during post-monsoon The popllarion was famed of 
bvcillariophyceue (33.5-48.029). chlomphycere (34.90-50%) and 
myxophycew (16.6-21.90%). Ohvioub changer in pniphyton concamation 
and compohi~ion show tha concentration of nutrient load brought by Beas 
varied ~ignificun~ly in diffcnnt seasons compared to Sutkj. It being high 
during prc-monwn than Nhcr seacons. 

Site (iii) exhibited comparatively less changer in periphyton density (MO-400 
ucm) nnd composition. Bacillnriophyceae (53.3-49.6%). chlomphyceac 
(34.65-30.3541 and myxophycue (10.0-19.49) had almost similar 
mtrihuiion towards total population in different wasons. Dominnnce of 
diatoms depict this rite less polluted b n  othex two. 

The microphytic vegndrion of Harike was mainly f o r d  of Nuvicalu. 
Nir:~c~lrilr. IZrrrtr~nrtr. C~trr.klln. S\ncrlra among diatoms. Spirq\.rrr. Ulorltrrr 
and Crrrc.~~c,~~rtr among preen algae. Sprrrrlina. Micrr~rutis and Pltonnidrrrrr~ 
anionp blue-preen algae 

Bnot~~hrort~o. Pol~trnlrrcr, Ftlirricc umong rotifers. hphrtiu among cladoceras, 
and Cvcl~/~r iimong copepods. 

Mucroben~hic denrity of Harike vuried largely between the 3 sites (TableSc) 
milirly during port-monwn. Maximum variation was at site (it. I t  being 389 
urn'- (pre-monsoon). 477 um" (winter) und 1619 um" (post-monsoon). 
Populution was mainly fonned by Ephememptera nymphs (0.9-5.0%). 
Odonrte nymphs (nil-34.13%). Chimmids (20.0-34.23%), molluscs (nil- 
22%). O l i g w ~ e ~  (14.40-35.70%). Other group like Hernipera (10%). 
Colcmptera ( 15% ). Wnta Nematodes (14.248) and Ostracodcs (9.95%) were 
present wawnully (Table 5 c). 

M n c e  of OscrucodeR (9.95%). tubif~ids (29.88%) and chironomids 
(2  1.414 ) compurrd M 22% of mollusc population during post-monsoon show 
that monsoon do not cause much dilution in Sutkj river s y s m  hence at this 
site alw us the site i s  influenced by the above said river. 

The macroknthic density at site (ii) varied between 348-133 urn" . high 
during pw-monsoon and low during post-monsoon. Macrobenthic p o p l l a h  
at this site had a h p m  of 01igOChlYteS mainly tubificids. oreacodr. water 



mutab imd has prc~nce of arfficit mdbmm (23.02-14.87879) rhowing 
t k  site Ins  polluted mainly during p o r t - m o m s  (Tabk 5 c). 

Hanabenthic density st site (iii) ranged between 977-1 17 uhn' high during 
p-monsoon and low during winter. The population composition like density 
rhowed seasonal fluctuations. It was fonmbutcd by molluscs (66.6%) Pnd 
oligochaetes (27.7%) during p-monsoon. mollusca (50%) and chironomids 
(50%) during post-monsoon and mollusca (&OR) and digochaetes (20%) 
during winter. 

PMnce of 50% chimomids during post-monsoon only and its absence 
during pcr-monsoon and winter show the wetland ecosystem in the middle 
recovers durinn wst-monsoon and is rnorc under the influence of Beas . . 
characteri\tics than Sutlej. As change in chironomid dominating community to 
oligochzctte dominating community are first signs of eutrophication (Reddy IQ 
RG. 1987). The r&ce of oligochactes m i d y  tubific~dac at site (ii); its 
seasonal presence at site (iii). and continuous pmence at site (i) in nut shell 
exhibit source and extent of eutmphication within M k e .  

Harike wetland provides habitat to large vegetation, 34 species of aquatic 
mncrophytes both submerged and emerged have been recorded from the 
system (Bath er crl. 1998). but only 8 specits w m  encountered during the 
present survey mainly due to site location (Table M). Both Sutlej and Bens 
banks. site i and ii of lake have lotic character. Site iii, the confluence in the 
middle upweam ha.. been reported poor in aquatic vegetation earlier also 
(Bath et crl. .  1998). 

Macropbyrez were present in all seawns at all sites, the over all density bein4 
low 0.050 - 0.096 kgm" during port-monsoon and high 1.16-2.08 kgm.- 
during winter. Maximum semnal fluctuation in biomass was observed at 
Sutlej bank (rite i). It being 0.50 kern-' in post-monsoon and 2.08 kgml in 
winter and I .A kern.' in pre-monsoon. Beas bank site (ii) had biomass of 1.4 
kRm" in pre-mon.m. I .O kgm" in post monsoon and 0.096 kgm" in winter. 
At confluence site biomass ranged between 0.080 kgm" (winter). 1.16 ~;grn.~ 
(pobt-morwon) and 1.0 kgm" (p-monsoon). The various species 
encountered at different sites during different seasons were as flows. 

In addition to thew. 2 emerged macmphytes Tvpha sp. and Phmgmiie rp. 
were present ;ill o m  the e d p  of the banks at site i and ii. 



Tabk 5 (d). Site-wlsc pcierenee d macrophyta at Hark 

4.5.5 Macropbyte ausociP1al fauna 

Mwrophyte asaciiited fauna exhibited large inlra site and inter seasonal 
variation in density and population composition (Table k). The density was 
ohxrved no way related to macrophytc biomass. I t  being low at all sites ( I  I- 
17 ukgm"~ during winter when water temperature of lake on an average was 
14'T and vegetation was at its peak. 1.0-2.08 ukgm-' . Sutlej bank site had 
highest mciofiluna dms~ty during pre-monsoon. 62 ukgm'? compared to post- 
monsoon (17 ukgm ') and winter (15 ukgm"). The associated fauna along 
Beas bank waa highest during post-monsoon 39 ukgm.' than pre-monsoon 
( 19 ukgm ' ) and winter ( I  l ukgm-' ). The density fluctuation at confluence 
rexmb1r.d sitc i (Table 5 e). 

The macrophytc ilasociated fauna showed maximum diversity a[ site i and iii 
compared lo ante ii . Site wise variation in composition is given in Tabk 6. 

Table : 6 : Site-wise presence of macrophyte Pssociated fauna at Harike 





5. FISH A M  FISHERY 

Punjab SW Council fa Sciincl Md Tsdvldogy hr also mlh#l SO rpaig 
which included H~/n~phulrnic~h~.f mditri.r, CIcmpham,gadur, idclla md nlepirr 
(Per. Cornm..r . bur during c u m t  observnfkm dvEe 3 fd specks wac ma 
encountered ut Hurikr lending center. nthn rmod# exotic -Thai nugur. C l o h  
garirpiN~tr wus obKmd i nmiwnt ly  in atch adjoining mdrnd since 
sepr.2002. 

h i d e r  thir curythenal carp. hbro durn d L &wheiIus showed heir 
pramce ~lrhough rurcly. 

Harik wstlpd u d  to be be@ jor of tiftrhay lo thc lrlrte of Punjab till 1999. 
But with impk~wntution of '"Wild Life Act" from thc yw 2000. thir nroura is 
out of hounds for fishing naivity. Thc deer of prohibition has caused twofold 
demaw elmoa 54-56% in total production of Sutkj f i shy .  

The cstimnt~d fiuh biomass of Hnrike enviwged from Harike-Pllun landimg 
center wrs 28.67 Vmonth during 1999-2000 when Werlurd war opcn to fishing. 
The bicwnasr nduced to 10.40 tlm during 2000-01 md 12.95 tlm during 2001-02. 
when fishing wuh bend. lhcrehy showing II dmew of 62-554 in h h  d rc 
Herikc within a apun of 2 years without my untoward calamity caw@ h e  
prohibition of fihhing within Bird SanctuaryMIcHmd a f a  (Table 7 a). 

Tabk 7. Change in fib biomnss and cornpasftion Ploog Sutkj in relation 
to change in fishery resources b e e u  1999-2002 

0 )  



The mtnc picture of fish r c ~ ~ l r w  emerges when fish biomass of whole river 
Sutkj is conriCrcd hctwccn thew 3 ywrs (T;rbk 7 a). Survey indicated total 
estimated fi\h landing of Sutkj was 60.51 t during 1999.21; (Harike open to 
fishing). ThL' catch mlunxl 27.92 tlm and 26.45 thn during 2001-02. exhibiting n 
drcnase of 54-56% in loral production when HPrike was closed for flshing. 
thereby indicating that WetlandlSonctuwy area holds mom h n  50% of Sutlej 
fishery. 

As rqrrds ;~\.ail;lhility of rwioub fish groups within Wetland. it is pre%umed that 
Harike ir home to m;~ximum commercial sprMs mainly Indian major carps 
(IMC). The ohnru;ltion\ xgnrdinp fish composition at Harike landing center 
during I W - 1 L  i\ not i r w  reflection of its population. because fhc excessive fish 
producc a p c ~ a l l y  IMC wrre tranhported directly IO fish markets of Ludhiana and 
Jallandhrr for hipiwr R'nurm'mlton. 

The fihh compo*ition of Hilrthc during 2000-01 and 2001-02 is mmewhat true 
reflection of Walitnd ;LI thc catch is of irdjoing Sanctuary area and the produce i, 
mainly d i s p d  oCfat Harik iiwlf. 

Wor ia l  ramtuocl in lml biomabs and fi41 composilion between the two time 
periods 99-2L and 2000-02 r t  those landing centers which me under the influence 
of miirkrc i.e. Ludhianii. Jallandhpr and Hwikc-Pattan depta the nature of fishery 
pevakm within Wetlrd. 

Taking H w t h  IatJing center ciuch nr bvre line &a fish plpllrtion during 99- 
2000 w a  dominitled by m i m  carp (32.91%) followed by common c ~ r p  
(22.781). IMC I 1 2 . m )  md large Emfwhcr (11.91%) fatmcd subsidiary 
coseihuti m w d r  t d  pqulatian (Table 7 b). Btrl dwing subsequent y m  



(2k-021. IMC popul~ion ww mon than doubk 26.634 and 37.924 mpsctively 
(Tahk 7 bf. on the contrary IMC population ncorded Eharp darrage from 
72.05% (99.20(WI) to 32.49% (2000-01) and 28.84% (2al1-02) at Whim and 
no Sutlej fishcry at Jallandhar. This whowr thnt Indian Mja cwps disposed off at 
M h i a n a  and Jallandhar t i l l  1999 were mainly from Welland Syslem. 

6. CONCLUSION 

Ecologicil \ludic* of HnriLe has shown that water quality and trophic m t u s  of 
Bca* zone ckithia wetland ha* over all good conditions. but soil. water and biotic 
cmnmunitie\ cthihit dcgriukd conditions along Sutlej side especially M n g  
winter whcn ingrc\\ o i  water within that ride is less. 

As regards firher!. tlw as\umption ta that 18- 28 sq. km of  Bird SamU~ry (water 
area) hold mtbrc thi~n SOrk of total population of  r i v a  Sutlej (240 km within 
plilinr). 

Now the quc\tton ariwr. is i t  feasihle to allow to continue thi, much of population 
to hr carried by wch small water area. which is prow to rilting and humper 
growth ol' miccro\cgetation. As far as Wild Life Act goes "No activity can he 
allowed wilhi l~ lllc prctaisr of Senctuiuy" but for better wrvivdl and growth of 
any populrcton h;lr\.cr.tinp play s dynamic role. Funhcr ohwvations show that 
Sanctuary ilrc;! rurrain ptwd ;!mount of IMC and these are prone to decline in 
open water Out 10 ;~f~thropgcn~c activity (Mishrir & Mozr. 1998). 

I .  Tllc kcdcr wurcc of wetland especially river Sutlej needs an action plan 
on tllc Illlet ul' "Yitn~uni~ Action Plm" to lersen its pc)llutional lond. 

2. C~IIIII~~III ,I trihutary/Nallu which joins Sutlej just 8 km ahove wetland 
h>und,try hring ~ndustriill m d  domestic effluents from such far off  placer. 
a\ N;i\r.~~~rch;lr ;tnd Jellandhar. This Nalla need$ cleaning. The effluent 
di\chtrgc espc.ci;tlly from leather factories of Jallandhar needs to be 
d l r p o d  (~I'fonl! i~l'tcr trcatmcnt. 

3. Weed\ ncd  to hr. rm~t i rcd continuously from the system. 
4. Dc'rllt;~tiol) 01' Wc~lic~ld *hould be taken up. as siltation is significantly 

rcduci~~g the opc.11 water arcit. 
5. Urgcni nhvd to ckcL  et~crouchmnt. 
6. To uri l~rc r\ctl.~nd rewurcrs judiciouhly fishing may be allowed for some 

lin111cv1 p r t t J  u,tthln S;~nctuary. so that inrerest of both migratory h i r d ~  as 
tvcll ;I> I'i\hcry .Ire protccvd. for this some sort o f  undmianding should be 
dtvclnpcd .II higlwc.al level. 
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