
. , . . <  . - . . . 8. m 
I . .. 

, . . .  . . . . , . . . ,  
, , 

CAPACITY . BUILDING WORKSHO':ON . . - 

' FISH CAGE AND; PEN CULTURE 
, IN INLAND WATERS OF NIGERIA I: . .. .. 

!& ' 1, 
1 . r r .  3. -.. . -  a 

L 3 .-- 
-: , ,?:- - - - ! I  f l L  > h\qrnph2. 1. 

. . . ej; ?# .<, ::tj.: : =.2 q: 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY
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IntMdudidn 
Mbro than nRy percent ul' tllc world's lisl,cl.ics nre rully or ovcr crplui~ul (NEPAD, 
2 0 5 ) .  Analyds of trends show \hat halmany marille fish stocks are in decline , bland fish 
Istdckb hie uhda threat from envirnnrnental cl~anges nnd i~npacts , while aquaculture is 
bR ihb Iniltba$e (PA0 ,2002). Aqunculture hrrs been dc~crihcd as the only way to fill the 
~ M t l g  ''fish gap", Not only does aquaculture help reduce hunger and malnutrition by 
pt.ddildhg foods rich in protein, ratty acids, vitamins and minerals, it also improves food 
s&udty by ckating Jobs and taising incomes .In Asia about 12 million people are 
enlp1o)led in aquactllture .However in Africa, the per capilo consumption of fish dropped 
and it$ share bf global fish production is less than I % (FA0 2007). 
Cage cuttttre of  fish is an Intensive method of fish production which permits the use of 
existing ponds , bumw pits end pits nomnlly unsuitable for open culture by enclosing 
fish /n o w  cages or pens ,,I1 is useful where open pond culture is not possible .Cage 
culture 1s an inexpenstve method of fish husbandry and it is  ensicr to nronilot fish health - 
Md growth .Other advshhges or cage culture are siinpler harvesting ahd diniination of  
pond cohstructior~ costs when existing p.onii s fire used . I lowevcr, die disadvantages of 
cage culture include l ~ i g l ~  densities of fish confined to srnntl cages which may l d  to 
water qudity problems nrld aid [lie syswnd nT disca~es. Also fish may escrtpe h m  
da~aged cnges ond the prodttction rate is lower than in open pnnds .There arc msny types 
of cages such as ham boo f i ~ n i c  cages ,wooden l'rr~me cages nnd nylon net cage.5 
The objective or this work is: 

to cosider the pfoble~ns emannting kom cage ct~lturc (I I' lisl~ nlld suggest ways OF 
mitgating them 

waiter quality condcleratinra for cagc cult tire nf fish: 
High water quality nlnkea or mnn the cffi~rts of the Ikrnicr .C:liangcs in water quality 

'Iifkcts flsh at~d the best way to prevent disenst or~thtcaks is to practice good feed and 
-ti!+ Mdhagement. . 

Tsmperaiure: 
kish are polkllothennic and have appmximntcly the same lcmpmture ax [heir 
sutfutttldihgs. Envlmnn~entol tempernlure alTects thc growl h nT fish and (ti Werent species 
of fish heve different optimal growlb lenlperalurrs as well as upper md lower lethal 
MwBht&il Btlbw the optimum tempernt~re, fced consumption and conversion decline 
IMdihg to stow gtowth nnd fced is used only for M y  maintenance. Above the optimum 
kinp&ature, feed cona~lh~prirr~l increases w l ~  i!e feed conversion dccreasgs. Warm water 
fldh Ilk6 Clatlas and ti lnpin prow best wilhin a tompcrntttrc rtlnge of 29-32 "C: 
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Dhrihcd Oxygen: 
The concentratio11 of dissolved oxygen is imporlilnt to caged fish. The criticnl n.0. will 
depend oh . other water quality pnrnlneters like carbon dioxide, ommonin nnd nitrite. 
Warn water species like catfish nnd tilapia need a D.0. of 4 mg/l (pp~n) or greater to 

. rnnihlnlrtgood. hcnlth rrid feed convcnion. Any .prc~lat~gctl cxl.rcrstlre t cr Iclwur 13.11 .Icvels 
&ill ~ O C C  gi.owtl~ and predispose the (ish to clisenscq. In cage culture, il Is very 
Important to have adequate D.Q. conce~~tratians because Iarge ntlmbers of fish me 
cf6wded into small enclosures. D.0. n~nnagemtnl is i~nporta~~t  and can he done through 
r e ~ b ~ a l  of excess weeds, manure and aern t ion, 

pH! 
Thi;tits a riteastire of the alkalinity or acidity or wnltr. It [nay tluctu~tc daily due to uptake 
thd release of csrbon dioxide daring photosynthesis nnd respiration. The pI-I is lowest 
nmt d a m  ~ n d  highest at mid nfternoon .The desirable range of ptl for fish cult~re is 65- 
9 while the acid and n l h l l  denth poitlrs nri: ~ 1 . 1  4 and I I respcctivcl y .Ourside this rnnge, 
growth is slow, reproduction reduced, and susckptibil ity to diswse increased. timing is 

out to reduce acidity and 20 mgll is the miuimum lime coilcenhtion far fish 
'pmd~.  

AMftrofiisi rtld Nitdtc: 
Ammonia is the primary waste of  fish from protein digeslion. Nitrogenous waste s fmm 
feed, fertilization and plant decompasi tion is  cl~anged in to nrnmorlia by bnctcria while 
N!ftoSmonccr sp cor~verts amtnonin into nilri te.Bolh ammonia attd nitrite are ioxic to 
fish. Ammonia toxicity is dependent on Fish specics, wntcr temperature nnd pH while 
riitrite toxicity nlso depends on f ish species and cl~laridc ion concentration in the water 
.Sublethai levels uf amlnorlia cause gill nnd tissi~e damnge, poor growth nnd increased 
susceptibility to.diseslses while subleB~al concentrations of nilrite lead to reduced oltygcn 
ttahswrt in fish leading to poor feed co~~version and high sosccpti bil ity to diseases. There 
afe Wo fortlls of at~lmonis in water, the ioni7ed and the un ionized forms. The ionized 
f o ~  (NHs3 teferred to na arnmol~iurn ion is not toxic hut the unioo i7 .  form ( ~ 1 . 1 ~ )  is 
.The two forms can he inter converted depending on the pl-I or tlje water wit11 higher pH 
resulting in the higher cconcentmtian of the unioaired form . Proper spacing and cleaning 
of the cage nelting rvikl ratucc n~nrno~~in br~ild up iu tllc water 

Y 
1 

Turbidity: . . 

This Is the degree of light pet~etmtion in water. Soil, orgnnic n~nterinls and plnnkton Mock 
light passage in ponds. High turbidily may r e d ~ ~ c e  pliotosynll~csis and oxygen pmduciion 
in potrds but ponds wit11 a modernte nmount of suspended clay niay not show large DD,, 
varfstiohs .Large amounts of suspended pnrticlcs may cause clogging of gills, irritation 
&d secondary infections. A healtl~y plankton blooin has about 38.1 -60.96 cm secchi disc 
visibility (Masser,2007) 

Alkalinity and f inrdness: 
Alkalinity is n system which pi-events wide fluctuations in pF1 and a tllcasure of  the 
carbonates (~012.1 and bicnsbonetes (1-ICOJ)ns ex pressecl in  terius or Calci~~rn 
catbonate(C~CO~).FisI~ grow over a wide range ol? elknlinities bui 120- 400 pprn is 
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uptimum .Alkalinities in water vary depe-nding on the soils ' acound the 
w k t h e d  . Mlnlng pits usually have very low alkalinities .and need to be incnased 
bdfd~  U9d fbt flgh f imd~ct i~h  by he addition o f  some buffen such as ground agdc~ltural 
It  MWA&. 

kivfdameatpi impllrrtiaiia or uge  cuiture of h h :  . . 

*a* f3 d g ~ ~ l n g  concern about the environmental implications of iquacultuie on the ' 

elllriMh~ent, The Ihiehsity of the production system .dalemines its effects. 
Envim~rnentttl cohcettts from cage culture incltlde eutropllication- .due to increased 
Wtht laed/ngd adsing from uneeten feed and- faeces ~hich~dissolveor &tie beneath 
f i b  Paduaingwetet tjuulity and kill stock the cage may impact negatively bit wild 
paguletiqns af flbh by pttdoducing genetic or competitive effects on wild populations and 

. d & W  tlsllsmi$slan. under the cages oxyge~~ depletioh tends to occur due to 

. d&dHIp&MS1116n of tinesten feed and accumulated wastes ;eutrophication can lead to 
phytophkdcan blaams dusing fish kills and economic losses. Nutrient wastes produce 
UW htid $ttrmotiia as digsolved mies and both unaten f d s  and faeces as particulates 
,In C@4 FU~~UM hln 18 a higher incidence of diseases whicli nqu i re i ,h  use os 
nntlblatiu ~d d ~ g .  Wastes can also lead to direct toxieittes of fish. 
Aquat%ltur6 1s the fatest growing sector of the world food economy but has been 
undanaken f~ in advance of adequate environmental and public health safeguards. It 
10c~~fited for 8% of fisheries. ptductioh in 1,984 and increased to,:'JO% iri 2002. The 
hrease In piduction methods has been followed by an increase h the potential threat to 
the ~ l o g i ~ l  eqlrillbtiuh in streams, teservoirs and oceans, This ihtensifica!ion of 
tquacuttute pduct ioh has Iedto its belrig regardd as a leading polluter of the aquatic 
ett~ltonrnetrt" (Mad It i&r and partners, 1 999). . , 

Such i s  s l a  cage fish farming's ~ lobal  mc&'thqt its demands on fish meal and fish oil is 
. piacing ptessuw on capture fisheries in the south Pacific, ATria, Asia and the ArcticThe 

etivltuflmtnttil' Impacts of  mariculture have received increasing intei-national scrutiny 
(~cES: 1996, 1999a). Sea cage finfish farming poses prdblems in terms of mass escapes, 
CfM fish, the spread of infectious diseases; parasite infestalion,'the reliance upon toxic 
chemlml~, contamination of the seabed and the bioaccumu~ation of organochlorine 
puticides like dioxins atld PCBs (Milewski, 200 1, Stttniford,2002). 
Thd n& fop the incorporation of high quality animal proteinlfrsh meal /,oils , farming of 
c g r t l l \ r l l ~ ~ d  gwla Means 'that more protein is fed to fish than 'later .harvested'and 
6 ~ ~ 9 1 e t d  rephement of fish meal offish meals loils may be- diflicult .asithey help 
PMVMlt d ( W W  PHd lncnase disease.resistai~ce Harvesting small fish for production of 
fish Wl&d ~WM in the fwd web For other commercially valuable phdetory marine 
'f13)1, bid8 ~ l l d  #Iwtt~~ls .Bivalve culture takes nutrient s away fmm the food web and 
tnhy lake out excessive amounts of carbon leaving little for phy-toplankton and other 
heubtv~tes , ! 

LI)vP~w l M g $  phtticulates to heavier particles that fall back to ihe bottom swpermanent 
WWIllvb b1~hlM culture muld change coaslal food web and eutrophication structure. 
$@. f!8ll&ttdl fvom the wild u'sine destructive techhiques destroy or alter. habitats. 
Vhtied and clignlflormt ~enctic changes occur ihmagh &capes of  cultured fish or 
dellbetake introductions 'leading to reduction in genetic variatiility which can have long 
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temt effect on the species . Even steriIe fish which csqnat affect the gene pool still 
mrripete with d l d  fish for rood and disturb nesting sites .Transgenic fish can out 
wttfpte wild fish for food nnd nesting siieq 
Alf fbmts of mariculture affect biodiversity at the genetic , species alld ecosystems but 
under certain conditions , mariculere could also enhance biodivenity locally .Other 
major effects of mariculture are habitat destn~ction , trophic systen; degradation , 

' depletion of mtud seed stocks . transmission of diseases and reductb of genetic 
dabilty . Particutate matter including organic forms of nitrogen, phosphorus ahd 
sufpliates enter the benthos while COz dissolved organic carbon and various nutrients 
. idally move into the Mter column. The commonly used che~hlcats in aquaculture are 
antibiotics, pesticides, disinfectants, anti foul an!^ like tributyl tin. 
The five main problem of cage f m i n g  ate wastes, escapes, diseases /parasites, 
chetnials and f d  foods. 
1) wastes: I 

In hllawJng sea cages to discharge contaminated wnslkq in to the sea, l~owever, countries 
&& ppmittitlg fhen  the free use of pristine coaslal waters as an open sewer (Folke and 
Wtsky, 1994). Closed containment systems would not on1 stem the tide of pollution 
b m  sr;tt ages but ~ u l d  tllm prevent escapes, stop the spread of diseases rzi~d,pnrasites 
to wltd fi$h ahd redua the heed for chemicals. 
2) b3cdpe$ Diseases and Parasites: 
 he ksults of n 10-year Irish investigntion (funded by .the Ec) into the impact of  escaped 
famed salmon on wild fish (McDnwel~,2002) suggested t l~nt  farmed fish escscnpes and 
hqtcbry-feared fish were having such an impact that wild salmon stocks were 
.$ecipitating into an "extinction vortex". As well as spreading parasites and 'genetic 
pallu~tion' by interb~eding and hy bridisatio~i, escapes can spread infectious diseam to 
Gld fish poprjlatlons. Fot example, in Scolland since May 2002 (when i t  became law to 
tepott escapes) 3 out of the 4 escapes (totalling 57,000 fish: equivalent to the entire wild 
&an cat& in Scatiand) m e  from farms infected with lnfeclious Pancreatic Necrosis 
(9&&h hd'rlrliament, 2QOZb). Moving cages further offshore will iinly increase the risk of 
&tim81. Closed containment systems are lhe only safe solution. The spmd of disenses 
hid pWita {is A function of overstocking and intensive production (Paone, 2000b). It is 
t h ~ f d t h  inevitable that new diseases on intet~aive fish farms will emerge 
4) chemids: T 

tntensife finfish farm&, unlike shellfish fermeh, rely on a lot of chemicals lo control 
d i m  and patmitm p cost el lo, 2001). Reports by the World Health Orgatiisaiion and 
0ESPrh.lP have 'show the environmental and puhIic .health tl~reats of chemical use on 
fish fhbs (CJESAMP, 1997). Despite s reduction in the use of antibiotics and 
-phosphates in saimofi farming (OSPAR, 1994) tlie use 'or synthelic pyreihrnids, . 
drti8cIal wlormts,. antifoul&ts, antipmitics and other 'marine pollutants' merit mriouq 
cancW (Stanifokd, 2002a). The toxic chmicds used on salmon farms, in ptticular, 
j ~ p i f d i s e  hot only the dvimnrned but also the safety of warkers. In Danish (mut h n s ,  
fot example, the abuse of nntibiatics has raised consumer and environmtiltal concerns. 
ChemicaIs used on sdinon farms incIude carcinogens, mutagens and a myriad o f  marine 

a pollutants (Staniford, 2002b). Since many chemical 'treatmenis' am designed to kill sea 
lice (which are cnrstacea) shellfish farmers have raised concerns in relation to the 
negative effects other shellfish such as lobsters, crabs, mussels, oysters and scaliops 
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(Blythman, 200 1). Cypermethrln, for example, has been linked to reproductive effects in 
salmon and significant impacts on shellfish over several hectares (Moore and 

W U n &  2001). The European Medicines Evaluation Agency openly concedes hat "the 
ptoposdd UM of Azsrnethiphos in fish farming means that deliberate contaminafion of the 
snvttqnmetlt will occur" (European Medicines Evaluation Agency, 1999). Such was the 
higtlwhl Use of chemicals I i ke dichloyvos (Ross, I 990) - banned by the UK in April 2002 
14 i t  ws*l d~emed cstcinogcnic (Departme111 of the Environment, Fatming and Rural 
A@& ,2002) - that legel action froin fish farm workers with cancers and other health 
Issues i s  pending in the Scotlish and Irish courts (Stani ford, 2002b). 
Chemlcab like DDT, dieldrin, chlordane, hexachloro-benzene, PCBs, t o x a p b  and - 
dtoxhs all bioaccumulate through the fish feed, have been found both under salmon 
cages and In the flesh of farmed salmon (Pesticides Residues Committee, 2002). Anti- 
fouiing paints containihg TDT, copper and zinc have also been found under salmon cages 
(SIIPA, 1998b). The World Health Orgnnisetion concedes that "veterinary drtlg residues 
br h ~ v y  trl&als may ~ccumulate in aquacullure.prducts at, levels oC concern for public 
hdh. 7%- i s  a wide inhrmation gap on ihe transfer of f&d contaminants to edible fish 
tissues ~ l d  any implicaLioas of h i s  for human health. Studies should be conducted lo 
deternine whether rile use of pesticides can result it1 residue levels in Fish tissue that are 
potentially harmful to human I~eaIch 
5 )  F d F o o d  : 
Aqba~ltum's depcudet~ce on fish meal and fish oil is rapigly impacting on the capture 
fisher\& sectof, Over 3 lonrles of  wild fish are requited to produce btle tonne of farmed 
salmon for example leacling to a iiet loss on marine resources and a drain on the capture 
sectot .Moteovcr,"lt would be a mistake to abandon thd significance of fish oils as 
subservient to thnt of fish mcnl. Thete is n risk that quality fish oils could prove t6 be the 
more Finite commodity in t l ~ c  next decade as aquaculture is projected b use 87% of world 
supply tn 20 10. This llns obvious implications for ihe salmon sector and others where 
much of the dietary energy is provided as oil at present'' (MecAll ister and Pathers, 1999) 
Replacing fish oil in sal~noti diets with vegetable lipids has already caused problems with 
the Japanese sending back consignmenls or farmed salmon as it tastes too brthy' .  The 
problem of consumer acccptilbilily of salmon fed oa ve&tables is something hat the EC 
ate now investigating. 

The fatming of f i sh  s\iCll ns s~lrnoi~ so high tep ille hod chain is an extremely emcient 
way OF eonctntrati~g co~~~a~ninants. Same fish feed is so contaminated it should be 
disposed of as hazardnus goods rather than fed to farm& fish destined for human 
cohsriffipttatl. Bollic sen food is  so contaminaied there have been concerns over PCB 
contarninstloh OF fishery products (Kiviranla el at, 2002). Consequenlly, Finland and 
Svrrden negotiated derogation out of the EC dioxin regulntiot~s (ENDS, 2001b). The EC 
est!Mlrte that approx  in^:^ tcl y 20% or all industrial fish (mainly sprat and herring) is  by 
denhitian L ~ o n l ~ i i ~ i ~ i a t c ~ l '  and above the new lilnits set for dioxins shd .PCBs (European 
P ~ t l l t k ~ d h t ,  200 I )  b~ t Tor some cowtries stell as lialy, Greece and Denmark over 50% of 
thslr industrial fish cntcl~es llnve "higl~ ~n fl ici potential" wid, the new dioxih regulations 
(1.e. more than hsl r [if their industrial fish is coataminnted). "PC0 accumulates in fish, so 
then b mofe PCD iiigl~cr in Ll~e Food chain. That means that there is less PCB in krill, 
which is lower i 11 llic rood clmia" (I-ljclles~ncl, 20M). Consumers are increasingly 
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concetned over higher levels of cor~tnrninants in fnmd fish (Fdwards: 2QQ2h). As well 
as containing nlare PCDs, dioxins and DDT, farmed fish cclntnin Inore ft and lew of the 
h a t h y  Omega 3 fish oils. Accordil~g Lo the Food and Drug Administration in the US, 
mad Wrnori, far example, are four times Fatter than wild salmon (Paone: 2000a). And 
fatmad sat  bass and sea b r m  I~ave k e n  found to coninin 17 nr~d 7 times t ~ ~ o r e  rat lllan 
thdt wild relalives (Richardson: 20016). '7'11e study gmup concluded that tl~ere were 
wndderable needs for information associnted wid1 the aqrraculture: sector of foad 
productidh, The gaps in k~~owledge hincler the process of risk assessment tltrd the 

. applidtiott of appropriate risk tnanagement strntegies with respect to food safely stratkgy 
for products fmin aquacullttre" 

Sigflb of Fish Stress: 
It is.impoctant to observe very closely and no;= t llc helmvioor or fish during feeding lo 
kwgnlze changes in behaviour .Signs rrf stress incltlde rcd~~cl io~~  in Teed ca~lsurned , 
fdding sbp$ , fish swim to the surface gulping for nir ,disco tourdions on skin of fish , 
dead or dying fish and m t i c  swimming .A reduction in feeding could be due to disease, 
pamitic loid ,taw oxygen md other water quality problems such as ammanin . The 
pnsbhcs of scum oh the sttrface mny bc due to low oxygen and -sudden stoppage of 
feeding way also be due lo low oxygen rather than disease .A few dead fish could be an 
indhtlofi of ci aloqty spreading health problem and skin disclnurat ions due lo pnrasites 
or diswes. This suggests n proper diagt~osis beTom Ireatmcnt. 

Sighs of pond St rws: 
 he accumulaiian or nutrients, overstocking or over reeding wnukl lcnd to pond stress 
atrd water quality pmMeins like excessive plnnkton hlaom, surface scun~, slmng odoun , 
excessive macmpl~yte growth , and rapid change5 in the colour of the water . All ihese 
problems if !eft unchecked would lead to eutrophicat ion. Excessive plankton hlooms and 
w i d  wwth lead lo oxygen dtpletiorl a! night and nn cloudy days .Strong odbrs occur 
due to decaying ptatll materials while quick cl~~u~ges in water calour could be mused by 
dath of plankton .The water can he nerated to inrease oxygen supply and fish relased 
tlmporatily froin the cage to move freely in the pond or cl~nnged to another pond. 

Ptablims cauacd by fnrtners: 
Foot cage crmstruclioi<,stocking of undersized or poor quality fish ,overstocking 
lunderstocking of fish, using ponds with problems , use o f  poor quality feed, overfeding 
,inadequate digtlrbance of fish 'disturh~nce and poor hnndli~rg OF fish . All tlrese can 
m&e mge c ~ l t ~ e  a11 u h p ~ f I  table venture. 
Otha problems OF cage culture include biafouling or growth of algae on tI-te sides of the 
c&g&.Thcse organims restrict watcr flaw thrnugl~ the cage causing \vnlcr qunlity 
prbbldins.Biofouli~~g agents can be rcmaved try using a brush or broom to clean the 
sides. 

watbr Q~uiliity rnoflitoring ill cngc fish culture 
Mbtiituring is the regular cot lcclian of  bialogicnl. che~nicnl or pllysicnl 4nta from 
predebined localiol~s such that ecological ci~anges due to nquacultbre can be 
quantified and. assessed (CIESAMP, 1996).Vonitoring is nn important part of fisheries 
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f&tM ,training on pmpr use . hctter hygie~w nnd u.se of selr con~nined sytstenw wl~ere 
po~sibte. 
Ah titternative to llle t~se of hormones is proper ge~ldic selection. ?he use of  pho(rrperid 
-emcnl has been practiced in snln~o~i fnrming and sttldies cnulcl hc cnrriecl oul to 
flnd-suitable methods for odler fish species .C~.ya prcservnlinn could nlsn he cotlsiderect 
to opMtnIr~ hhdstack tnanpgeme~~t and sccd supply. 
Dh&m be be ptet~ehted through inlproved monitoring programmes for known and 
em&ihi. iUhesses. All sick animals should be quarantined and ttented.E€lluents from 
s&b faru8s 'should be properly disinfcctcd with elim violet or tmne  .Pmlm,ls must be 
put hi. pllici for! quarantine and movemall o i  animnls. 'l'lie usc nP i~ltcrnalionnl code of 
practices ; agrrements and tecl~nical to rn in i~ i~ i?~  risk of disenses nssociated 

I 
*tb the tnavemant of animals .Also regionalrilly-oricnkd guidclina need to be. 
opwtional atid diere slmt~lcl he close collahomlian on issues o f  tmns boundary 
ttiotment ~f aquatic animnls . l~~digenous spccics shr~uld he usul for aqurrc~~lture, 
Apllatic he$ilh capacity should be strengtliencd by training personnel, i~~~proving 
lab&tori8s, control fimtocals and therapeutic stmf egies Ttllerc should be eitablishment 
df hhmiohi2ed regional fererence lahorotnrics l i ~ r  slnnclnrdimt ion nnd vrtlidtllion of 
diegnuass. Tlnk should also ho re yio~~al lrnii~i~i y pmymlnlnea on qunlic t111i11inl llenllh 
W c h  8 h d d  ihclude ttan4mundnry movctnwli, risk sanesament nnd contingency plnns. 
Effect$ nf esi=ttpd fish wn hc redu~ced by cnrryir~g oltt risk nnalysis befnrc: the 
inhductioh of any exotic fish to nn area to nssess any like1 y impncts .Management 
practices heed to be improved to limit escapes and sterile invividuala can he l~sed , Each 
farm must have a proper hl-r~oilstock rnnnegcmcnl ~dnn lo lilriil (Ilc sl~l-cnrl or sctgctcd 
species by supporting the production of sterile oFI~prir~g~(UNIZ1~~2002) . 
The& is o growing concern abut  the environmentnl impncl o.f c q c s  and tlut the 
ineir3table escapes nf caged fish can have sigt~i licmt effects on existing fish communities 
(PhlIlips et dl. 198Sb). Knowledge of the environmental load from fish Forming and of. 
the physidl, chetriiczil and biological  characteristic^ 
of .a body of water.is i~nporlanl for docisions on the numkr and s i x  of fish fnrn~s ihal 
can be establis11e.d I 

there (Kattgren, 198 1). . 

~uaclueCitn: 
Ctlge fish culture cnn provide a more assured source of income where water is  tinsuitable 
for fish culture or where fish catches from the wild have dwindled. Cage culture of fish is 
now w i v i n g  attentioa due to increasitlg denland for fish; declining wild stacks and poor 
fatm tcdh~my have produced a lot of interest in cage  fist^ c~~llure. Cage cullnre offers the 
fmer an opportunity to use existing wntcr restlurcqs which in mast cases would l~nve 
limited value for other purposes. Also cage culll~rc hns been succcssrully 'used b r  
m&cufture in Chiha with high levels o f  prnfihhility. 
Tht A l t ~  of 8s11 farming lies in 111oving away frnm the intensive ~~~onoculture of finfish 
bqatds shellfish farming and itltegrated polyculrure systems. There sl~ould be research in 
lh8 field of sustainable aquaculture. including technial constraints to, and economic 
VIWlity t)f 6tMh0& and offshore aquacultc~te, waste wnter treattncnt techniques, 
B ! ~ & I ~ ~ I v B  pwkin SUtitcts to fish meal snd oils, and development of polyculture option 
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.Il'cugs lish ihnning is to haic llny long-term il'uturr? il must tmut its wuslw ulld f ~ u s  un 
non-uunivoruus spccieu tljul do not lead to a nbt deficit in fishwii:resourws . 
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