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A series of experhimnAs Was coidttckd in 1/200-acre ponds in 

1972 and 1972 to evaluate the effect of waLer chiculation-aeration annr Ul

tration on water qua.ity and e"itfish production. C ircil" ti 8l--aerr( im by 

paddle , ccl 1%,and) Vu(2l l-tri JiAUD1) t 1(1c ",W',t' ld ( 1 , 1r1ahroug'hc 

gravel l'ituci . tc,;Led. 

The 1972 seric. was dusi.,ned to LI.etcVrmJine the standinn, crop 

that each system could support. The paddl whelvhc ] and overhead fWelr 

systems utilized w':. ponds hiULU undervatMeI, (idsetlement UK. ih f1t,.. r 

not. hyaciC.s illr chwere grown inlc11c irns 

system was stoeld with 100 lbs/pond in three eupli catinns. 

iv'
 



The paddle w'heel system had the greatest survival and maintained 

adequate water quality. Highest standing crop was attained in the under

water filter system. This sytem had water quality comparablc to the
 

paddle wheel system. The greaItst standing 
 crop produced in the over

filter system was 134head lbs with an average of 64.4 lb in three re

plications. 
 Mortality was attributed to D.O. depcletion awl hi,h CO, 

The 197. -suries wis designtcl to pIrodu c! harvest:1ll)!e size of lishh 

from fillgerlings over a six-m11on1th gr(),,ig qeUl-;g.EachS-J .ystem was
 

stocked wvith 
 200 or ,400 fingerling's per replication. 

The greatest net )rodnetion of fish in lh pat i Ye wheel system 

was 38. S lbs in 17 days. The under\'at.cr fiWLUc )OJuc(d ore fis IhaM-d 

mailitained tle best w\,atrC' (ILuality. Fi.' -li )r'Cd .LIi(,IjNVas I,.'est in lhe 

overhead filter system. J'xtexus ive and chronic mortlitit, in the syst ,:.: 

were significantly corrla ed vith low 1).O. , hi.h NIL,, NO,,, and CO.). 

V
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I. INTRODUCTION 

Considerable interest has been shown during rcel I years inthe 

intensive culture.of fishes and otlhr nquaLtic animals using a closcd vstem. 

It xx.ns demonstrated in the culture of catl ish inponds that production islimiled 

to alpproxi. mately 1. 5 tons per acre per year. Bly effectinq iaU ntteV ci. 2eain, 

with aii'releasod near the botmto of ponds, aptprox.nwitely 2.5 tons per acre 

have been lwoduced. Ex)eriment al1y , reene (19(9) j).-oducod up to I,, :00 

lbs per acre of channel catfish in 0. 005-acre concrete I),mi;b circu.h:ig 

water tHro I,, biofilers in system. In atWElion to htjw,,".'avn a close, 

production, in tenSiVe catfisl culturo in a closcd system ha oher alwo:tc .'e 

a,,pect...s. and harvesting oerations be ii 'i IyFoeeding can ije 1 I d (:ei 

mechanized. The fih are more observable for disease cont rol nd gr wItn 

rate mnoasurements. 

Closed system culture has as its objecLive m .:;Wnum com "catl fish 

production in a iiven v'ohunc of vt or. This i; aded byockg fsh at a 

high rate 'hi cli ae On irely depleldenl. on iLee',!s raihe'r t]'an aalltura foods. ' 

system wyorkshs, lon' as he \W'ar qutialy is titaint ained Mvihin the l0; 

',I.
nocessaly for tie norml .1,16 hc'lihy g:w of: i . ']'c c" ". . , ";:t ..... 

'iction 

commerciall product jon of channel catfish. 

the wa Ior HM and aeration oqti net, is an ma jor co sidernt ion inl the 

1 
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With high standing" crop and heavy feeding, the water quality detderiorales 

rapidly with oxygen deplc.tion and production of objc-ctonr-ble chemlica! subsances 

such as carbon dioxide, niLrogenous compounds and oLher orlganic Nvaste.f. 

High concentrations of those Substances cause fish mortality and abnormal 

or stunted grovth. Oxygen depletion results from the respiralion of fish, 

plankton, and the oxiation of Or,11aniC a,'nsteS. Organic Wtast( S such as exec.,s 

feed, feeal matter anci dead algae demand oxygen during microbial docomposi

tion and by--produets 01 microbial respiratilon, crbon dioid c, and a m.na 

nre produced in iirlean. The fish a]lso produce carbon dioxide'1011.11mounts. 

and a n noiia. ''he.se compounds enrich the watlr, enconr:sUagilphylopla nkton 

growth whih is; nnt Asihrable in a closed ycmi dluo to high o:,en reqio

mnt at n A.ht,.lurIhuct'nore., when poor lua li y of ws fer preyalq, Jish are 

under sires.a-a ci ,,t ics o) lc ra si :-lnd d i Sc: ; are ] y 

The deterioration of water quality can be minimized wiLh the use OF 

appropria e de'i :es fhr a:nra inn and fiUIrat ii-. The :nOrzgtjnn device :0. ci,';h 

oxygen, while the fil traLlion process cleans the water by the reonoal of su s

1rended sol ida wid m dtale] ic wastes and Qy I'WHil1.i1allre i,-,; ,Ustabli. aLoin tluh 

the ncti(on oCimi(i'eo." arsmms. Spo"to (1970) .av lhre lv] nos of filt.ratio, used 

in closed system cu lurin: bioldlyleal, mcch nicnl, md (,.mical filt'ation. 

Of these, bioleo_,ici T ost importnit. of any two or all ofis .]e Coinbination-

these aro comlmon in Otiher symtms rcqulrig la' dgcree (S water ]}Irian

tion. 



3
 

Data on the feasibility of intensive catfish culture in a cioscd system 

are limited to experimental models. Research firdi n-- indic:1, thatL SomC 

teclrniques have somo potential in increaisinff fish production. Further 

explorations, modifications, and cominal ions of thim prominiin, lelois will 

eventually lead to more profitable and simple closed systs.em culturil.. 

The objective of this research wa- to inves:i;ate the 1)e'for mance of 

biological filtration, mechanical circulation-aeration , and the combination 

of both, coupled vih waiste disposal sysfteins. ]Evauatioi wa 1)as1ed on the: 

result ig water quality, mortality and grovth of the .'i h 1)oi8.tion. 

CatFish wore chosen becauso of [heir high econoqmic value not only in ilho 

United SLate ; an Asi a countries, but in othe-r prt. ; oa 1"ete vor]d as well. 
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II. 1EVI \V OF LIT'RATUEE 

Aera lon and circu in lion of wator. 

Some of the research on the mechaical aeration and circulation of 

Water in lakes and ].esCl\'oirs dealt with the prevention of oxy",,en d'pletioll and 

imlproverneit of waf er quality. Aie rna (1N-5) and F ick (11M used acrMticn09G) 

technique in the revention of xinterkill of fish. I t tm %rin.-rwiI em .;Cason, 

lakes in some places are covered wit.i [hick snxv or ice \WieS 1weveN s liyht 

penetralI1n for effective pho tosyn ihe ,is. Oxyl'n Jepletion occurs, rcuallin: 

in winerWi]! of fish. Pluring;' ,nio em on's, ilemiAl '-M.'ntiSiMataon UWN-;ua li5 

exists in lakes and reservoirs. 'lohermal stira. ifica(ion usually resuchs in 

deterioralion of drinking water qluality, uneven di r iLuMlion of ions, n acmr,;ic 

and corrosive condiLons , in creased ovalpaorni nrate and othor und osi m: ble 

properLies \\i Lbin IS la ke (1ast, INtJG). So me iniv estiM:itorm. (ast, I',i and 

1968; \\'imth and Dungt, ID67; and Irvin, ut, al., I i), imadeai studieoilol 

artificial drti h vg cir an:d aeratio,'ication of reservoir:; t]Jrous-,liv c mcclathon 

durJnj" the u,110 season, and on reservo 'is]I ',pi. ng adawllunL n ovei 

turns Which suffered p.Iriodic stmali 'ic.tion (lBryar, 1.9G5). PamalicaIy, all 

of tHe :ibove n'vA ion.'d iv'wtdi:'Ior;; c:I'ain:n c I:'ll::.;'tmlla. . i.nicroi, 

te qualiiy of w:itcr, 1i\inv,! livilon men of ataal i o; c i,,!n :-; ami ind i' ;il 

fish production as a xvole as a resl, of c2ire5ia aeaion;cchniquos. 

4 
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MTechanical methods ofr ovation Wni(vn ito ci rcaIm ion. The two 

prine ipa ineans of produein.' vator curnr n al lurbuluCncp enn:sig WhiniXg 

are accomplished by introducin , air at 01' 1C1 WooLLO,, wat body andIor the 01 r 

lifting the bottom waiter to iLh. su'fae e troug:, mechanical vnmians. For large 

lakes and reservoirs with stratificaion, air: cormlreio s NO apro-]ydraulic 

guns are more useld than wavir pip s. '1%he IN;ter arcN: ow, ine10 Einient, and 

cosily (a ., 19(G). On the oth(Ir hand, ill a nd :;silw1],\ lake., better 

results are obtained usn c., .al pumps Qo ei'il:ti L \vater tAm Mi. 

Comlpressors (Me rin, 19(65; Flick, 190(;; avoid . looper, c!, :]. , 1952). h1,an 

experianen nl fisdi pond a.it ua Liom, ,17frey (1 9 ) nnd 1,oy nen o (o7(o) us.d a 

rotary-piijve M overs to deliver nir lhr p !i ,.rlh a- i, !o nponds. 

Marc el. al. (197 I) uisud a small i n' os.o w;ihli a it e xi : : upplJ d thc'qvh 

a ntworl, o s perforated tub:s or pi in s~i I ci i!-l v.' ,i CclIlnocn

ed parpmn(icularly from the ma in line. axjx'i'rhvimtng'cer is elosd syle 

-was done Iby usch, et :] . (1973) md -'a,:lg :nion (1972) usl vitai! calmp 

city puIln .)-;to (circ.'alt , waticc ])(iwi eVe di 't'rcilt I l:t.i 1 ,, a meatlwly: 

splnsh noutds, s, , n:ou )W veniilbioillc tlbro ::)Pin iij,;. by 'i;'h#cci, ri 

as a moans 01' a lI)t:11i. ''hc:;e J*op olapci"Mait a1l iic c~en c.i i:&,i', ,1:0 .i 

ficaln. ditorencS iv reruns of 1i, ui 'odaci Ion. In two dit''nL ]:.oct::, 01)ttc' y 

(1969) and (1:170) Wheil C' i 2, O.1( t',I!,oyn('amO inre,:l it fl Sb I l lbs/ 

a e.', .- i .... 2 It" 1,920 ],/,:f.' (:; l Ci. l\'to ",7J0 ]is/n ei' ILmil ;!:1e;'oo to 

with the use oi' aoration,. MAarck, 0t. a. (10,1) r'clpcrlelY il inpnc.' of 32T 

to 540 per cent above the in.axii- stmirat -aidy i.(d with aCa Liorn. 'lle meaM 



total p)roduct ion for the five Iicyatinj , trenti-ln'Lot range,-d from 5, 753 Lo 6,27 

lbs per ncre against no ncrahon of 1, 260 lbs por acre in the ONPON111Ceni. (lone 

by Buisch, c4 at (173) an1d Pl-awa1)L1tnnol1 (1972). 

M08 iC1 j)ihC,-1i~nnd lbV8Hml S. 1.967, exper i men t~ inl 

p)urifying po0nd( wvatr by means of liigan iml s, plant;-, and hiofiit rat-ion 

have been conduotd at. the F is~herie Rca1e search 11%t Auburn Un ivor sit',' 

Goldfish, ( aja siu s :wralto and Iil apm lre) 1)0!h FEiW feeders, weure 

used in reomily; oi'gall10inn ttr (muly inon , I U0S).B il of sludies 

(anoinv nu , i 938 aln! KOniMl, 197Di) d(IOn I i 1(nrtO and eni: I I 'm, W1( 

Shoved a liiglwr proi'OtcIion of fish iiniAMt ('01Mu 1* IM M14pau1 (:118111.0 

catfish 1hc'n a1 immoculwIne prodmltion l' f iai i c-1nLafhii. Smb(1.970) found 

tht :h~ini '] nII prow110ion miC fro :ni MD~l2( Ih~r tj2'10:iocali~ (iumd he Ii '1,7i0" 

jlsacre QJv:i~ 'I iki i:i to lie poll. 

Thei Asian clam, ('orii ll mulll sn(Pi.ipi found to beC hirdil~y 

]7C SMiS to Ion,' w()m(1! conlcnlt in was.0 usecd as a1 Oyer NOWNr: of die 0mru" 

and on':1 ninni ((' rewene, 1969)). Channel entl'i:;h :mid (un1:bculn w'-WM1v~~ 

NVOl1 b'.i .'0k(( Vion!H~lt11 O1''eeeAUCI"Hy. (1: ns Inky[o died Ans of 

tuilusunily~ highJ ielr.'aturc whlichl V(7801i(NI 95' C) gra' or for- two to threo 

weells. 

Aouonill tW Boyd (1970), \\'itovI li~wih~i' nl.0 f iia 1-1,111 1(1 :il1fol'11 

of mdurients Irorn enriehed 'vfrn IirnhAs floA n Ihm Waor nuov mlci~ 

('nn (irer 1111 , are nhlo to 'oIYo've 11011M fro h c r tiu:, (co1)IjV!!i1a,di 7cc! ly 
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with phytoplankton for nutrients. WIcVea, et al. (1973) found that wal cr
 

hyacinths remnoved 239 pounds N and 32 Pounlds 1)per acore 
 from the w\..tor
 

over a five-month period. I'hyvtoplanklon population de(eresased vitlin 
 'e~in.
 

amounts of hyacinthIts, Causin, a dercxeat(1 fish prOLIuCtion. 

A numlber of studics was conducted oin wafor circula lion and biotiltrn

tions. Greene (19(9) 
studied various arr:nge mnls of l'ilt 's, vnely: c~lC\vaid, 

rock and grnvel filters, submerged grave and jr:nvl-uhnr-(.,I ilters, nd 

submerged sand f'iter. 'The clevazicd filter lAdiese-.d I ishrab prcduc.ion
 

than the s,bmergcd filet'. Fur her, g'ravel of 0.5 to 1 inch sizu usd for
 

filLer gave Ihe ow c ,.ll.s.nI 


Spolte 197(0) i .c.Oin nded tH. 
 '.V0] for hiolc, ii filters h,2 io 5 

mm (0.0S to 0.2?.0 inch') ill size, wilh i'regul'tr aio :In.,T llar .urfiaco. '!o:u.d 

that surf:ae area of the fitter od is injure i lorma hlan1 th,1v!;I:v'olum '1it 

because lllo ;t of thel. iologital activity in the filler bd.d is cmcontratcilt the 

up)or layca. It was lown in a iln'inc sy'ten that. tho popj ln',JIl o ani lnlmo.-a 

and nitrit( oxidize.s; was reduced by 9I)lr (TcIet from Oh toI por:iorn (f !!, 

filter it)a: (Qpth of 5 (c.m (.2 iche.). 

Meen. ctX 2l. (0165) rutno\'ed .19 to 95 le' cent or (pu:ijc w:foIci' nnd
 

4t0 1)r cst of aimmonia at 20 and 200C° by [pi- ,v,:a.'Ir .grlabiofiltcr 

LIainl' a in c ,- l illpl:rc't: :;lots'reell-a :cf U'ravel. 

.l IL- i 

Acco din. to -;hell I(196G), tIhe i, nlt.io a:;;j lec. e ii of rvaqit; andw n I 

rate of coli',ersi on is im)portat in fish I~urc. arc aam;ii fihl f,:ed at too 
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rate, much of the food is wasted and even though gi'o%,,.h may be cxcelleAt, 

the cost of produclion is excessive. Further, uncaten feed dccax'iig in \'va Cr 

may build up faster than they can be reduced, thus, csscntiall\' Iadin1 to 

oxygen dep.iction or other problems causing detrimcnfal cffc.t to fish growth 

(Shell,' 1.)G and Allen, 1.971.). 

Gray (11169) ]1-013 flonld thatt f0cdi)n EshOu].(ld be: reduced whan [here is a 

"heavy phytopl :mIlIon bloomr" which fJ'C (,clly lends to low oxygeon Ievels or to 

an oxygen delCptoin which will cause a fish 1ill. l3o5vd (1973) demontted 

that ihe rates or oygen consumption by ivi wu planhk e ,ic cron mmuilic: ung,;cd 

from 0.60 to 8. 310 rn.//24 hr at 30oC . '1o 2vmera, e s 3. 24 =/./24 hr. 

Con snmption or oxyg n increased m: rkedt' wV'.h te,-nly):rature wbwe,n 15 and 

350C. 

Andrews, Wf.:1]. (197]) round i ih ,icicl. JI).d coj)\',L'8.Oa ii 

decreasedc aec,e w;eight pmr fish did not o-cur "asa rosult of ]iiho: density 

(cirowvdilg!" clurl) :s lol asa(lUq l:c. N"iO-ia ti. lily w:t'-: in ti .(p!t '[1'.; 

Farm.' 'xpCri mcnall SLl, ion Wt Sl ut .. , A an::-; (.1973) vc)ori cA ihitt nut 

pt'oduct.ijl o l, w:u h. 'hest at (1(11 'i s vi 3)6tl,,'uc:i: s.,n 2:. As i,-!860 :d 5 Ri& '. to 

denQsjy Jincr :.d, L.h,, aver',age sizu, fewd more'si , ch'a'iciency "Ind .;uvival 

e.rc to.;cnll d r ." oft en exhibit,::dall ( nsod . ittou (1f969) :1:, 1:11 Ie11o- v 

when cIro\'.' :' .; nWI 1wl:.; in a L'mi'ii.td c. ' ,'; 11 o!' V,:i( i i O "LVo.',"'.I)( niou ; 

(liposal 1than11 hat Or (lfl(li) 

Sazaw\na (1971) smicdi hat.ata Cemp'y in, ca lpc i ) or a ri ' ,,i:i or a fisi 

farm Js principally conirollcd ro'jiil (.11,'.dinns,11v theby 1l.le 01 d II" 

http:mi'ii.td
http:coj)\',L'8.Oa
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"critical level for normal life" of the fish is known, an estimate of tho ca,.cryin, 

capacity can be dctermined for a given rate of oxygcn supply. Sinti l,,: ayo 

(1971) stated that to increase the capacity of vater for fish, it: is access-aavy 

only to add oxygen except that the ability of "watorto ra.'iso lisli i's limilcI by 

its ability to carry away metabolic by-products. Allen (1.971) shedv that 

without agitation, one-half polund average veight of cat fish ""tci:,dat tho rate 

of 3.2 lbs/ft., reduced the oxYgcD lc\'e from 7.5 mg/I :t tin. inlet to 2. ;-,/ 

at the outle.. \Viilh the aid of agitation, the sni-n fish ed'cdol Jio ]ve, of 

oxygen to only 5.6 ing/i at. the outlet. 

TacMUt.t (1970) AIci that Ch-ije.in l react ions :ocurrin.2" inl ponds caaci 

oxygen d(cplh1tlfm, since the req"i rirec'l0) ; or fitdh are anAt[ compared to Iha 

deman-d fo10o'.ygen by ldanklon, bacteria, and metabolic pirmouei.s of thia- and 

of tLh fili thj njalCe; Murphy and ,i.pper (1.)97 ) yroveled t he dJy 

production of biochemical oxygen demand (1B. 0. 1). ) hy chamcl catfi sh is 

0. 00-19 lb/lb of live weight.. Comparable figure.s to, cike ns, Wi ne, and 

beef cattl e : e 0. 0082 , 0. 00::12, aid O.00102, ro spec-ively. . hiP.her v:J:ue 

for catfih w s (ltlainod at he, 1'is,; ],n.mirw, Ix.cris :rW tl SaJ,.in, , ihtls.,ar , 

Arlat s.,ts (.H..73,, fthe maximum 1. (11 . I). ad.dc: to the c" oaninmI b.n.;I Iq/ 

100 kg' of 'i sb/dny (0.0] lb/lb (T live wcig:ht). 

Aco,:, ldin,' to King' (197 3), niltrtg,-n :iopj,:iv: firA;[ ini re,'it'lltnv 

sy se as anlIaiu l, tU major int W" t of vcknm iiaalIH a ulll].a. An ilon i. 

iS ext re nelC]y toxic .o fish, an(1 '- lii'oald Ii., :!i.-; ";(n it ive to c 5tnt1 I,io a, 

as low as 0. ON; J)]pin. In thLo !'ccncc of xy"cin, t},,-cr~h erf ,and alltad nitl 

http:Ch-ije.in


ammonia is converted to nitrile and finally to the rclatiivoly non-toxic nitrate. 

Smith (1929), as.referred to by SpotLe (1970), found that in freshwater fishe 

he studied, ammon a accounted for 80 per cent of the tot:,,1 liitro:,1n U:cretud, 

with urca compoin, most. of the remainder. )iper and I,:irm,(yeuX (1973) 

obsCrved that the growth rae of rainbow tirout Was signi e lny viuo'rlueed whlor 

oxyj,'e:1 wis below 5 mg/.:nd animoni vias greator than 0. 5 ppm . Y'xa:jin ation 

of 1tok0( and 1kidlI\ C'ills hlo¢vcd nn inc 'r0so in nu ndmL o ininlatlu re 11' \i1h 

SumIC :IVO ' .'O E'poFAW (1970) staLed t diss50l\ oxyncl,and pHVcfl reusC. 

are th,-, two nio,;u in op.:1i it fa otors alTecting n ontin hea i loicity. ater 

is impol!,nAl t ,)10811so only the un -ioized form of' anmnioial (NItI) :Ipo)oaiI.'s to 

be poiilyous to atpi inial s. lolizcd alnlumiia (N!, i's 11i,11e toa 

(a: Wnacr a1 nimalthe fist I; 110,. and thus an l(1 uht jo Cronna'L'nin . m,..-,, 

TYhe CO)Ii drat~ l (Or11 mi- I a im in ca ,i'rio i a isi c,.,13aiI :i 

a given momen td p)nds upon t.10 pliof the v..ater. Us-ually, a gradiont, cxi.;!. 

at these place's Mwiry the pl of hOexrAmemlulabj.' fluiU (vit or) aid ,ho hitr.a

cellular fluid (Id1loo,1) , 1 f. 111 Ci " ii ihrium . \\'h,.,n 1n(110! of eithrc fin id 

chageSlr,i , sh.,e, :" it in the co ntrWn.i o o f l .un i;i,olarinnon on ,o.hTh I 

side,. of theI 1 ; .. 

urrov,,s (I9(;.1), :is cit(d l)y jl)oltlt (1t970), ,po o;al i-aul mon ir.., i ,,g., 


to wa tL' ro p1 17.s inwi ch tlha non hn IIr oi W l 'lsIys'o:>e *:,. T.5, 

and 0.7 ppm. 'l'h, i:.;h slo,'od doii iimc, . of ]t' p , i:, 01mo :,.) of 

thei' 1 it1,1l.tilti will.i:iit\ M.:; in 4 5. 11h0 Li i li1 jt r 'e )VO& t 

Imln,,-',emd to n-,0 h'ehIl xl er " \',a\ J.'t at -, -i i a ,,'v,, 'a0,,- n 



1i. 

fingerlings, they recovered after 3 weeks in new water. It is significant that 

the calculated concentrations of un-ionized ammonia at. the given levels of 

ammonium hydroxide wore only 0. 006 and 0. 008 at 0. 3 ppm N 11I4I0, 0. 010 

and 0. 01.2 at 0. 5 ppm, and 0. 01-4 and 0. 01S at 0.7 ppm. These values indicate 

that un-iol ized ammonia, even in minutc conerd,ation, is ciamngit o the 

gill eitholium of fi she. ]lurrows a]HO not(.d a r cd lieon in the gTO\V'th rate 

an(d ,tamina of ,:aloon exposed to long-( cure, :tnblu11ham ofhtl(!FMraw,,l 1(!VoC!, 

amnonia. lie sugoesLed that exlosure to a mmonia hiq uCmn ii ics .ufici eat to 

cause g1il hyper~lasia was the precursor of bacteria] gill disease. 

According to Piper and ,lo a ()rr (ItG9)Larmovux (.197:1), :d Od 

relp)I.Led a diurl- ic( rsponso i) main o ut. 10 IAc I , t'UCOb- O Of'l owtO 'ro.! c ' 

11a1111On1i:I. ' .1,gestd Iht expos.r to :mmolm ln,imie t'! : . c's the1w c t o

bility of fish to Nvaler, and because there is little chhng i body we!igho,he 

fish resonded by increased urine excretion. 

Pipe0r and I,in0oy eux (197.);) obmorved a congestion in the kidney 

glomoruli from fish whore ammonia levels were relatively high. 'rho hrlin

ological chnligs the lish wore ,.. c bly luurournd int iicat lx! pi SpoOVtndicated[ , 

to h','po i a. 

Swil*o ( I1). o od lh tihe 1)1! of pond walT:."nry ho :1)1 iO ljoj. 

of the typo' ot" , l itasv,suiltability four fish culture, i.s ioily to is"h, it,:; 

potCntial prduct ivil,, its lm qpo -c C) iWimv :cIld it:.; 50 10 tili:at.i,:,e.toii , 

Waers aln.ing f.om p141 6.5 to 9. 0 before daylbreal ae rot s;uitlc roe pomd 

fish cltu.ure. 



Spoutc (1970) stated that th11ressre of free CO2 may depress the 

affinity of fish blood for oxygen. Its effect may be significant. in crowded 

systems with low oxygen tensions and weak buffering capacitio.s. le cied 

]a su (1959) and S:iUnder s (1962) who both found [hal o:ygen con S VaiC ion 

declined with an increa sO in carbon dioxide. The rate was linc'ar fun cion 

with (he o;,'all uptake and icniea;soin}' 'lbondioxide.iffIlm of oxygen 

1Boyd (1972) ouMd thai lIe Sourcs orIC(M( An, nuisance looms; of algae 

in ponds were bacterial repiration, dicompos.tion or or anic mater in pond 

water and1 the c1-rlona1teI1icarbonate e j i]ibi1niy - c almates of C02 

produl.Jo from (k.!cay of om':.,,'iiim er ldi ss-olved i l idx ullod Nv':itlr da.r::,, 


o 0...2 to 3 5, .m:.5:', /1 per 2.1 hi'. 

Olsoii , (AAil.(!1978) r.cpo d(Ihalt Aili,.,v-.ifliam ;('1eek N"": .....
 

Fi:-;h IIlatcllec , vIhn Lt lI .i x'."ceeXC'd i ,S 7(0 ,'ii.,the fi,:h f!.c iityidrolF; 

sharply. Vheln wter is turbid, the conversion rali i':i ,o to 2. .5or nore. 

http:produl.Jo


111, 1972 EPfIiN 

MVATRI'TA LS AND N1i"lIlODS 

Introduct ion 

Itoh 1972 ox perinwint was in itja d, M C1 ie I1: 1g)a1W,1 M.' [;11 

ii wheQ)c(]2) a ,n1L 

gravel fille r wfit venturi aeration, an d 3) [lie CdC:Va1ted raefiIL:OCQU ipped 

wkith Llflj8fo wae'Circuia~on and :terat ion. IL "as8 ju ~inhado to uoniparc 

their pcr0iI< manca in t erms8 of JETn pt'edui10 nil (1 c lon'F ('1' Wy~liL 

aem aing (IC\ica ca1u dl vlc1 nwimed cle:sign o £ uxideom 

undet, 

a1closrd ,,ysloll intI vn,,Jvoy~ l tocodc wit I i ou- 1/(w;l:I. lHumh .'0 (If',JV(1 \viil, 

catfi X.nWaCr hyauhqntLs worme in o~ :1p~Lo ucyn (Av (PoWgrown Ti s:uc. I''eJ 

Th1e ox] 'orinent \va s conducte-d I&u- to oear1Iiuo m A !,, 

1972. 

'.1\voH t\ -four (onic1'ct0 ponld. oeach witil all ,mro ofII/0C i ilrc 

2.5Fi wth (J 

1':1111idonuii:tlo ( iid 8'";~ 

N%-ifl)atcr 1,o L dep(J ere used For'10 C I): sy IIcliC.prim;I 

m1ont ,; Nwoi'e :Ii!lii d wi Ibou.Al t10118111 npot HU i8r 

()0\' ni. wti c' o. fo No [real mn ero111ll voiihm 'cveC ixtj1Qj 'Ii ,h w o 


rpio Led three t1.)i!";:
 

I, "Od'aer cliJ.(ulauiol and mirat ion b)DOMI mia(;xid:lt~i0il dich 'i!
nu'lor 

(hurcin Io ., cal led a paddIN wh cfd1), vit h wva t.or hynacbidth fo. nu i:.c mova a 

i 



vo Vilb '2. r ~ UldatrrG- 1 u vc I(!'-Au iioln, wvith vatuv hivac iitis. 

3. Uinderwater gr'ave.) filter Nv ith venturi c'io. v,~it1icut Nv.atev
 

hyacinths.
 

4. Water ci rcuIat i ni thrvough an ovco rin ginvl filter, Wi water 

h1yaciniths. 

5.Control] circukliiou , Wxih w'Atr hyachqknJ
 

O~xid~atijon di cii imfo (Pa~ddle Wlpl Th
''Iddir~~1 helvo oji':':itcc
 

intermnitten-t~vly b 1/di lijiotor to uciPOcul~it tho Nader
0. It wo's in 1)Unlin I
 

miutcs nlidc 
 al1 rust o015 tm ' CIelth ii l i lih' IL.A' Ope-L 

r'ation waus cotn~o~ It wans istlled ini ();)( i-dc ol, tic pond slc,6,:cd Nvitl
 

fis~h . Allt hliw
iii m~ld NNv: a u-;e :I,it; w1~:st,A Icilmt Ii. ih:l illi. iiJ ~eho 

uichiPS. As the \\lilt ]to (i 'A;1tCe W2;i:: jO(\cLI 1 i OfISJ H! IIIt( ')JtX ,!
 

500 I~ji-i and pail cis of mWate were rpIus hm iHP the a i. 
 A wwo.uii~ o1 thli 

jioiter nt'iuv frm,\ ta i~clt u . 'at i t'.;)ilI o H i ''H ill'0 11 

'.~1)Y "~l (c-i[hcr i m lI vhor I]' IcP 11-lm \Yh('o n awzu;vIi;L ca 

iug- :).ill(dh dii IiWP,'i 1PC pic.WteIcaoti~ Cwo I-v' t' ls;dv 

triit-: wvere" gr1"I'MV : mi enld of le a ['Ju U. poilvci-; o 1vci' ivII'~vh- it .10C 

]C' COint. of (he pol11( s)'rcn. lli 10C )J ei .1;f're:I~ l' 'S of to pi:! I\'o. c-i' It-

La ina.1li i'(''.gluii 1p xt IJiAM ~ i IkO MLS M W.i 11111 'Pt:: ;vry, I 'iVi 2 0m ' 

ijjI'v.-'II [01' I.' IU ! '2 'ii-P .- 'i ulvt c11ld r . Til a (;v il 

txvo tre;"tilnlts,. (rn 

i x::; U. iUt' o 

atilent 1wad Nvat r ~~tt:l.ox 1:t ,iI tlxt c-r l'~ f t 
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pond area. The other treatment had no water hyacinths but. instead, .hhoard 

covering about 10 per cent of the pond was providcd at the end of the pond 

as shelter for the fish. Nither treatment had :,adjoining pond for waste 

settlements.
 

''he gravel filter was made of a layer of 0. 25 to I inch g.,ravcl spread 

evenly over the pond bolttome cxcecpt for a sninall area prio(Rd for 1ho.pump 

comprtment. The thickness of the gravel layer was about. 7 [o 8 incbos. 

Undcrneath the layer were five liies (of tile drains, 12 inches: long x .Iijiches 

inside diamclter. Thyc lUmp compartmont. wne sepad:tcd A. ITe nd or the pond 

by a board 9 ft wide x 3 ft. hi,'h. The tile drain.s were et,,naldad into Ihe con

plrt monllt. The ubnc]sible pumps which were run by a 1/3thp moCAi hd.

a flowa of 20;jlm. 'The diacharge ]Anc of theO1mll) ImAde of Pnk jteriQ, 

was cquipped 'ili :ol orffice to provide a v\cfl.utI idol MUM Or i.t 

the flow Ihroug,-h tubes extending, above the wator surfacc. The mixturo'. of ai' 

ind v,,atr v,e sdischarged below the water NU r.MCO. 'tl: a, the discha gc, piy": 

passed tl]nm',gh the( divi.: board ino ohe pond.A 

\Vtor circulalion and aoriaion Wasa cco:;plfishaod 1,y continuousa opero

tin of .he wri~p. As it dischailtnd air-ver,. mixiue int.o Ito.fish pond, the 

water lowc, iback Ito Ib Sump I1.ou1h th tile dru,,in ;by f:,'ax ity. 

0\vcrho;v! :." fi! was Inade of rvel .filled hoxe,, x- This fjt, 

5 ft x dI",l,,i Uid .l:tIbN!d.t; (An-a : ' :;I: joa :.o t c"dtrt;d' i nn 

The si e r&gv \'O] 'dgled fro )) 0. 5 Cortin,ol:; ','atav circul eti.,onr to 3 1e-w.e,. 

\Vsa conp!A .:h Iby a -gpm puY-f) .t b /4 . 11p I;1otOm., T:hC soC c 



intake pipe of the punIp) drew water from the pond bottom whore the fish \\er.' 

stocked. The discharge pipe sprnyed water on top of the filer nWd t,_ir'avzl. 

water triciled by gr'ivity to tihe se'tlel emnt pond 'and return,:d to the fi:h pavi 

through a conmecting pipe. IIowevcr, th flm of \vat , r tile fiter il!nt 

the total flow rate. Instead of allowing' tle ] (0 r',te of Lbhn to1la , uxre the 

filter, a flow divider War iltalled a'(.ss tiehe d)p!1c! litle aind a largC,. portion of 

the discharge was direct~ly tlpraycd toi (hw- ai I l.- .('rL.J P\C piptCs. This 

water fell bachl on the pold with fish. \Vater Jaci lhAhs w)re :1lso grown in the 

settlement bilsin pond. 

Control ciril ftiln. This opui.'ald ]Vuh the slmC way as5 th. ov.rhead 

filter, cxtolpt, that there was no intormdi'tc jgr'\,el MiH:.tr. \.toCr w"m AsI(.o 

eireul!Iel .i, aa -- i capacity plin]) 'un conl! onlallan, ity a I/i hp rn ,~n. ,A 

small lportim of file flow V.8- d sHa Z 'direltly diontafl \vn'in,,ct ,'.]n .: 

where water hyacintlhA, grew. Trhe large l)riv.in nosqw oNuId over mh \v,.ei 

shurface, of tha fif-lh pond. 

lnd and ii'L bus w ilThe expf-Xl-illi"elt l ]m laylolt tr. ,tirdi; f i. !- ,myo 

FIi I. T 'o'l e il~ltiC dkII ,Tl8 1iete ll o a [ia t0 in FP1Ll-oe 

'110 val.cr u,;cdill he.i C0allc b.''n the deep w.jiIs ,f .hethe experi le t, 

experiment si tnion. Th.!water lcvel ot' t'he ponid, xNv., m: inafIf,,d at a- . 

]Ofltely 2.5 it. dept1h. 'I'het'o: , ' ao a Lhe \u ol im1 nvvt1,1, ition in U t 

pc,:] lo;os.water due to rmin:All , ,vapiicatir tml i ,,os-ca: due to evatpmo,.ion 

and leaka-ge were mlp)enal.cd n . i...C Lv adh o!ing,' itc .DCVL' 

http:mlp)enal.cd
http:l)riv.in
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Stockillfn, of* 11ll 
\ h t eIish
" , ]tlisetn~.iiit 

stocked It tile ra te or 21.00()Ibs poi: 22p.in.iGIw 20, (000I ;a~ .] em 
Of VolJII OfnWil c0P\\VOCCUti Cc b) ih, th biV.: ' ajproxillw ate I 0. 218.1 l/i
 
for the 1 (J \v'l~I(-C! tJoutient,, o\'el'heuii .1'11,r t±'catm at. ind control cir 
CuLa[i U IreA me it. ShICe t1ce voliaw of 't ill the a! i (re.athr-c. 
mea"Its w idICe cons ido'1:d)n'hj by the iiuIK~ 
 of thel-ravelI Iyu±' ial; ide 
thle poil, tilie stockili.,' IL''iean Ill 'IppIo ; bIatcl 0... 

allowanice for gravcl JU]'ticlus porc sJpacus,) for tile swanec w\eif"J scked.IC 
The!I miilJ-ibr of. fish Mtslce(I \'v'e not i'conltd 
 TIhu c5Loclh wa (ornplsec
 

of Siz'es ra agin". fr'omauii!e'lI: t rvus I) hlh. i 

Avere fcd nevl 
 lays 'I week latC ",I tile afci;a 
 Vith float i~~L;2LUed irj
 
T17rout Chowv. TIhe ra tc of fe cdiI'',ag ws 2 per c latof' tIhe stuckin wigt xr 
pond whiich wn .1.00 lbs. ]-uo () th0SlIMA of lhe
di, a(ldk xppmija 

Ofnoill i 1tI., lleiJto 
vi rAiLe trssh 
 hfi :-arol. 

MortI~lily. 'MIortality~Nvos .'rcrdc(Iailv' and deand or Irnorhbuad
 
fsh we're ex,1i oilned ill tilieibi'ti'y.'IIicwol:)dw
Th )V10V' waStindieeorti 


aIbbaeipnoi~i )'i oan i di~e' 
 ooft hIe ajn()aiif ()! kb d il l ponds a~ f 
fc lgnicrta Iity. 

http:scked.IC
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Water analy_sis 

The water qual ity variables considered were dissolved oxy'cn, I umpe

rature, oxygen consumption by the plankt.olife con 111nill ity, C'arbon diox ici2 ), 

total alkalinity, total hardness, alciuln, and Scceiii disk radings. Unfcr

tunately, laboratory tratillent for dlef erm ilill" COno:(1cmtratiollS 01:o lit'O, h)10iS 

COll)OUlUd1 VerC nol aV:l i1a)].
 

The lile, flrciecit'N,, 
 and methods of anl'-;. s v,,c'rc as follows: 

1. 'rhe e a uj'CS'lComeii of d i solvod OxyP,,(In Vatopand lml)erature V'cl

taken near tho bottoln of tCho ponds. 1oadings with a YS I i\1 od l 
 51. Ox:ygej n c !: 

wei.'e takenI .,i d i onwc in the llorning" b(fore ,. and once in L Cvv

1noon at Sli(dovn. 

2. ( ys:'gcn (ol:insum il I ity \vsion by tuIn p1m idon .it w d tiei.'i il e, i 

aiweekly Us-iil tie di ark b)i.L. 1100(hod of ]Boyd (I 1'i). \\ater ::nj~lcs v.,cc', ta;,' 

on sunny da-s in thc lnMnirig at al)Pjroxi~lNilyN iid..depth. ])ark bottlcs w.'oe 

incubated in Che ponds unlil early afornoon. niIia] olt ies miH re iomnedONiQaly 

titrated with Pheny~ay:;cne Oxide (PA O) I'(- di:3so',,ci ox.en in tie .labn':ator." 

''itration of t.e dahorWk 1.Wk1ls was rMOiOleci 1:1 (J\y )tcJ the ilcutbaL ioi! p,:)'iod. 

'The dilffo e( . l)(1wv,;t "h1 isr. Ctloxedy'en co.i cnl of 1he illi .i:] ln:_ k 

bottlos , -ast I ,V ' O Yti Io IIyx 1:l:/,t(l Iimof.11r i ';j11 ; h (p Ifl ,o' ,I . 

'J it ra o.iionll "'.,:: ,(, • i 'd \\'ihHol .: n;\,'I"d , 'i i ,bIby '
(b O i : .'dt 'a:; li 

(I 96;9). 

3. The eo;ceiicrat ol, c. hilln dI ioxide v,,iq Octcr'ji. ccl (uc0 cch1' veek 

(1\1ncriefin I>ubIlP lell.l'271 Afoeu iLi, ]. ). 'Phu w.(.te, L;uil :.; 0 IV ( ; ;I.b 

http:Iimof.11
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("oxide dletcr]In hatiOl xx'crc SipliOned beyond nd-d thor uie poncis into 1.0 
bottleos and a]lowod to oxo rflow for 30 necolb.Th. Til1: e w"of ni nxxas lb.1e 

sunrise. 

4I. JA1 read ings wore obta 110( wck]Y ;"at he same t hie vwith1 uarehon
 
dioxide dutermn oat ion. 
 PLxcuss NOWtrS ample from thie carbwm dimoxid'e anallys ja 
wa1s also used for p41 nwias;uincii xx'ifh a Cowin i;MOC(' 7 p1] njimow 

5. 101.) 1'1L~;1 'acalciu )lld \'' (Ic[oic iflinu1)0,L thu J.'D'IF
titration. ]nthml as doepribucl 1q, Lhe Amnerinil', MAThie e:VA I -I e lu(1~1
 

Total 
 Halaiin ify vas titiatect vith 0. 02 N I .Tc),tiin. ohvi ov :1.L,-.:the
 
in(1ieator. \VI[! ale.:lip;Ic", v,'e' .tken ill tHeC ow])I
V l ii n :, 1i i( i-lyIh
 

the pinid.
 

G. 'Se!CliI ci si: re: (Ig s v ore La*:n wekly (101'j W secondOF or IS,50 


expeinentl.
 

Te caporhm nt xwas 1e irioted when the Wporaurei dInN so.C(1i('P(Jlo\W, 

that the fish "'tnJoppt"Iee i All pondsax.'i' drainer] ,nd all fi.-J 1).iuocJ 

Nvc]'O CouLPI ' and xvei~jIlud. 

http:necolb.Th
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H ,SUL'rS AND l)ISCUc;SXc)N 

M\ortahjt\T 

1) lmlcdc l'la "If-l.c. stoce[n" pows in boLjit'eaLJmeJiic Nwitjh und c'
~vtrgraveli filters hadI e.'.:{c ix otl th. ( fish COfI)UD-C to Cli in 

large nlumbel)r:.; unt il C CJU 12, 1 972, "l C".1 iC L 'ii.IiN Of d(CUCLIMId aed 
de~al in POndS A 7, it S ;NO A 12 imchuil 519, 70, N~ip! 77 por cunt or thu ~:OuW(\xeglt, r'pjctivel('y. 

Iih 11fc>~I(h'otlt
~ e 
v'~'1 
~the rest of the luman dne~s in any rupi iat varid fRom A to 10 per cont. 

in~Ov('All of the ivo r:;) FIom 1flc,,aW tI'te Ij U ru:t 
andc ri'ced(im I4ulL0121 IN, J 971.. After' sto21;ig, Utew sina pAtturni of 
miordaity NoNl Idnfec as QW, h IU1)o'h:lA7 and !\ 1 . OJm, Nvecl; afte'Qrtv 
the mlortal dy fo 1 C'o Wi0 j)adS was *.11) and ""0 ttnI.c ()I' hbe ~~KO\ 
reCspect ively. P'oni ad H)~ni~~~.1 0 peor eeiitL 1iVI(Jtal itY at thatt time 
wxhilhe the rcst. Kt the rep]W~jasfor lhe tw'o Iicetmil., had I;s thanI 2 jari am.i 
A fter: Septf:1ld )O( .1lJlU)J" I'C C)118 \\'5OhLyodht.C01 hi he ii-icludc(d inl 
the pIttCn. 

Thie~ iimPPNc; 14= h 1 lW; si~ i Odt , If atce ji. fh I.C .Ii .(leIi lI 

W ater qualv:~ ilc t C( '8 Pt ic I ~.I :. s i '!s: x f h 

were' Xx'iti )l et 5 il' i !ISnl ihSL'i
 

iv 



&n the course of 1.1) expc,,rimcnt, O CMNuse Of 111ajor fish hills \Vus 

oxygeon depletion 111d was proi)a-bi aIssociallad \vith hizgh carhonl dio.%jde( CO11cep

tratIHo1s . dpotlotiOxypgen Jccurred on S.tanbr17'1S, 21, 26, 27, jjc 

219, bn ponds A22, AMG(, A?2, A-141, A18, und A1l, respwetivai','. Dii,,.;oled 

oxyganCl croppo'd bat ween 0.,9 :[d 1. 8 mighI jin Iils peonfd's. Ca rhonl di oxidne 

CoJ~ei~rfilvou ricad froin 14. 2 Wo 25, 0 ppmO (Tle 80, A.pendlix-). TIhe
 

wcihtifs and O iK' of fis Me
K1ld nra' p PeseA Id inl'litoLie 

P~ond A]l. 1 li~u nji.-klit v because Jid r 01iclyon, lla lmm au,n too 


clogged 
 Mle jpurni s1ual imt..inor. Oilir cxIu:;L' or (.pbiahbl nmaiy,
 

w\ere duo 
to ]eei vie tx~r L ao'er, snmll HhL c1ogiiQv inlakl~p
 

c].O;%ed IWVVrlt'. Wetar. Wh~ 'LW~ 
 or IwC pulili nIm2 I)addle 

line w~ithi thle 11:;'.:; Of l~te~~ )Hiul.)
 

'FI 1 extI eta,;~ye fi:ah mortallifty in .2.which be:"'f 
 Otm the :aixl h 

week (Tlablo 1) a:mmmot ho,:aeii alwIith d1 ;s0I-vtd OX\'ff'n Jm:ti : \'AIUOa 

hu In.tirrec ([aIde 2)fIflwe (K> ICO Wtac(1] i, 

latitig \vitlh 111me Nvt ci.. N'u mmial(41a largeo Lml-ho; Ior.mc(l on ()Im,- \v:1A' 

cmu(sed t.-1. ~i-['t: i'tiiIdl I i\'' noy'im. The 11 o du:ic ;1ndli~ :mc 

RK~ "Yro brio\V1 inl mdolr. Tlhe blood (h'It exudtd fi31; th010 MIJh 
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also had this color. Laboratory findings for prasies and diseas es indjepted
 

moderate infection with 1einca. B.ctcril&ogical e(xajmi itiol XV,,t: negantive.
 

Upon draining, two fish were recovered alie.
 

\Vnter quality
 

-)issolvcd oxyvge. The wekly average and i lion-maximum of lhe 

ll 0].'li ng 'Ind afl(e.iniool di s -o]ved oxy'el radin. o U:Ich1tr.o.ent are 1:'.-

sent(d in Tal.le 2. From file mIli n ur-nilxiol]in Va]hea ill the, ihle and 

Figures :8 and :a, it i,; evident that oxygen Ieve] odec'.0d with ti.i.nu for ']] 

treatments'. 'I'Ie control cir'culation treatmentiw tII(! ir t. (., "dww dcclil;j,;" 

OXyg,'Cl]Vel d(Ii' ii 1(the;P'm1d week of the cxperimn-lt. The conditiol cj.t.,:J 

to deterira t; Ps a resuit f inem' oasing 1d rliu'emni..] (c:ygri dC!8(l l (13 .).QD. 

un.il [he fifthw e ('Fl,(! 2 ai.] .iiure ,) ]) i; tli:; s:an of li ', fi.sh 

morrtality due to m:,:y in dcpl dii occu )'c"cl. I ' one y JOlIc'Iji; lh, A11m.d to :-1 i, 

viatoe this condition. 

''he ovc'heacld , .':avelfilter trea-tMIent had iIsub""dmring;Ceietat 

the fourtli week oi:f tire .Xerint and a ish ki]] tOOL i)110l)C(a (ii iN-; 

cond ition. 

\\atcr (ullity i'Al; I clttuer in the utmle ,-'.cr ,gfm\, 4 filt er tei. n rL.. I] 

the overhOlwad filf C'u:Inki ciiif l ci c'(]:t[ifon tre::t~nejt. I]I i'V(l'.w h th 

the 'oturt-h to FINKI5mm?.,( - ('l';ldo 2). ]1ui' i,u;Ie SK W1 i:,h n', W S"is:.] \' i UXvj;I, 

dropped to I . ing]i ind1 ' NVcr O)n SLIAUjluh'" 291, 1972,i i d10 whet'..] . 

the condiilon ',a c)'r'Ce .c1 J "Idvace in : ,-.;t:, in11i c 1: o,t (t 
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OPeratiofl of the paddle wheel fomn the oind xeL Ang of (:10 P'\I to 4:20 ],hr. 
AfMe the adjutsinint or the thue, di ssolvcdO'gn~V1Ucju n I ch.I ' 
oxYgen1 lovel. ,,encna y, bcoeninp i~c for 11I13'eal nielllj: c r] " the~ mlonil or( 
October'. '[is was mun so, a[ "eSt in lart, by "L IeCAMNS;cIn mIHHber of fjsh 

and.fun (1 r , III(! l i j(jjja .a1 ed eieis(I in, iI~''2 n' 1 nbl 

Of oxyg-n inlWIe'fi I ';If)j(
 

'Iho l)Jllcili! 51 i foil (hle i;Jred diftmc.ijc.0 in d siv~ )\!,f 
level. amn-I"the II'et11K wn a! IruibWed 1 Iea capiy of\ f'!ile %v'.'t01. cu 
lato aiid faii~unitN liked f"r eachi trei ;mm . T1oenjfji ('hfeelof[ 
cama)1t ios or 1'aw ' (II wr ':ya5 drnoynsrC"mva l 
 I I Ci I
 
of morniiv; di ssocd i clWhy,' la lI h vo:ifh\''~;KB 

t e'1~ 
dropped to 5. 0J 2.7, 1.G. Ond 1,0ti 'ic/, j"V Ic puddle \,E cI. J'et wnt, nU~I0.. 
water goravel Iiiter JI
v'I. ni 
 s, nVevljIr fill. i ivilatment vind con Itol 
ei Ici]:d on
 
treat illet, resliot iv(11\ (Tabk> 2). 

The a fel.rue i (Ni eel \'d(w:'va \tiesl (Ta1 bie1 2) forh ~e~((]fJ 

culalionu and, d'itj'.!vins. Vjj i-'l'n lptaK1ls \vo.t'.( jin (.);-ionI 

isolx'ed oxy c 'innu ruen fQnit :;y: Iq 1\'tpi]yiIivi . '10s exc('',' 
1ssO~ad oxv1 'en ca:nnot hie r 1.t )gy JOI a 10. 1'fcee. t i nskalhA Lo 

)f the eillergcmce). p1115or aw(u c; dIlcSpIs1nr dC~dli 



30 
occasionalhy appered (Figure 3 a) . This indiCates pomt oxygen pv.1 iiced by 

PhotOWynthe1tic net ivity is dlissipate( to the ajlj)ojcbv y c 
The cifi ca cy or the e qu).moent wans determnine-d by t'five -(1': oxy

gcn) 3110" k nn.iSidil Ih0 P IrIp SUIT)]) Of t10 gravel l'ille0and Ihe por't~ie o; 11c, 
P~ond woere tHe fish iivedi cn r hqnithe nmn ih1or )Lilh ('tablj~e : (;, ;.;im 
'1horc was alpjw'..j m:0e y.I\2. 5ii/ diffet'eui cc of di sso! \': oqyena eojmnL, I~ ,.s 
ill the early I o.ni~between Hieso twvo cornipa rtnmii s, \,-h ich VWr eO w C 

1(101.
div board. IJll s imIicaIe s thnl, (huin H'iJLI]iteof0H'svnK lefs
 
and other org"anisms stac1d fly demledd about 2. 5 m snol\'e
1 ic ''Y: 

4 iln(] .1. 'Ilohe(rn ' or'tUeii)LVoiIil' wth Wie w"is co~n5[ 

DulaliC'',' 1111 iplo ~i(12 \vaiS
w-o 

ajI);lieu'io
II) :iive ai m 
mealls. C~o~flpaI.1;oiiof' 11102ui. appiearil-"_in a a~ts "ireL I~
lo.c,. c"":;c( .017." 
1\Icans folh'~we( by the saimclWor are not sig f11canlIl.' dif'ferent al, tl'j per1 
cent level. 

C( l,1Iiari' Ii (oftre1wei tn Ii n s ('Iahl '(1) a.t, c i eul lli.. eel con-1 
firm-ed HitI-['vpii * no si.nfim. (ci 

''"!u dir~llo 

undo Xvater' I "itccIi''IIifnd hle coll.,oLL( i mlilaiofn 1 'eall 'II . 'Ile Ilue 
fo]'n11e0 11'0,itnncil s w''o' sJQ ni 'canly, ( iffei-.11t fno Iis.! o\'.'l, a [i.to':i~
 

Paddle 1We has Mte Io\'P. \;:it lvonilwsva ni, foliovycd by tilm &veeaclI 

and the c liIrcaMar, ' Ii I.me Iad ad",-, hitjlest v; I i s. 
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1)uri~ f heair'tmea
ayim, Uc is Wr~ *Ir tan Wer Icma. 

t ("oi l wi 'r l~ ~ : l c ''Jic l :it18 41 prI 'hwoi c.fo n Ki;n1(IV 1i I :II 'l 

002)1 ILIOUS at nib.tilinc. '1h022fbp, hen! disipn on of the \':2I is:: mom~ 

sign ific"Jif 11night ha the( heat abaooqI.iri dii rng; 1hp da. \\'adcv iI.:I~ 

byv Ihe jnd cvi cc]. wn'a ci ich slron~er Ithan tMe rest; of the I mA nSHut~S.i 

C011thnuOLu.1 D{;it a IiOn by (Ilo 101 :ilng,pac(H]Je t~a(;wil':1~ 1~ f01i.e 

dlsiIt~ii' h 1 .81 a it lt In overi:c] flii t].c:Uimei~t it111cib m 

t'iclJilv'I)', ' l,'4!JY Ih lfe lc.' ~H18eJ(dd "'Navo muri firmI8w I i e heit h) 

is ip-,It c. 

\Vit aidI( to the weekl t'Ic epemur rniiv,,. (Tahln. AA ~n~ X
 

or' flictation u(11ig th 
 (lY 


showo~d no 


dny oe each iveax~n t, m, ::ais K v; uamec, 

siyr fe!i. iffz'pce nmon,. fh: rea mip. I ha 

HIC dnay 1';.: a of Ii2:11 ah:;orptior 10u ~io n J]1 of 

T~jh Iu finl h:. A!u]I:N 01110II Wv I,~ III18 ii(i'1 ad 

(OXV~~o'1 :J1 ~ i . , [,%)]; .6100t 1(i ! ac NA0 o ' 

the \'h~e:; n)](:a ilc !c!ectLil : :ie (101,188(1 of~ 111c: oi',',8n.t 10"Ill . 

pJld kon ic comul) ity , bilIt will. be i'cfoi'rc to asapr k~dui ~ce;iI8p.i 
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Graphical copr ~ISof Lho tr"C"Altmians with rc e'. to time aIre 

shown in FIgu rc S. The I 70 m ItIll lov~ji ill Tjb:hS " 1, YCV!:j 1cd flIj 

the undOrw t er filter wrItli wnter 1)Vnc(uths had 11h0 icajt, r"ouU Of )Al)m1:to,,1 

coil si mptll)]Ol of O,'Y1,"C11. 'l'iis wn s Wr)owed 1W We flifv \Vi Ou ,' Weci' br 

WASt s IrealmoptI, 1)8(1(1 le w\heel I L-2(Ca1t OV C-'l C.,I fillci:lea candovd 

the l,(,'he.' milosul mpji ioil %v'8 record,17 (2 Irm (h.,- c Irol. cil t' laio Li'oCat i . 

T]he meani vnluos rairgd from, u. jIG to 0.5 j iqj/]/r. Chi a 2 '-hr bAsis 

these yduntis ie 8. 5041 to 12.81 n3I(3ir/i. 'arso a OL'nen11Coa.tf '8u 

showed thate three r1atlen S [ahlly: cOun! Io (i'ur I o''vriencI Iih~oeg 

and paIddle v'.hec.1, did( )lot (litii floin c'a h ot:4h i [11)0 ";1,(!r ((11 ol I '(V1 

thatol .2f.i.. to,~ 

Inent. Fui o, cithe. (if TO tinpw2'Ver filte rcaci s Sov.-C1naic
 

differenc o m 
 each OllIun'. 

exceede. Wyvr:.d, MY h?1 On7I(in na~ 

effect of :5ior4 isre e in Am ;i:ad pond1)0(1\\ r. 

w-, pr hc7h-]114 w. 
.'11)1. t u i i 

boo1 Me &al.A .112 \'. h LIM(he ;,c S~iilc(' A V2 ('in in t1o!i Qr>Uen, 



:36
 

0 -~ c~ ?n~:~T1 i rcul;i ionl 

0. ]) 

0.7. 

, 5 

II. 

0 . 1 

0. 0." 

0.10/ 

C.co I 1 1 11UD 



TABLE 4 
,-IS OL,,D OXYGEN CONSU:\'IciN B7Y PLANKTON COM2\IMTjNTTY 

Po.,d D A T E 1 C 7 9 od Tratpent 

/' 
-

"" 

n. 
/ n:-/ 

. 
mI?/ 

Corea.
rison 

pe 24 hr 
-. 

-'-*.---
o'- -0 

" 5 .157 
0. 'o 
P, 2 

0.217
0 "*" " 0. .5 

. . n! 0.0., 8 G16 ab 
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To some degree, the effect of water hyacinths in reducing' diss.-olved 

nutrients was Clonstratlcd by the fact that the gravel fil ler with "':ntcr hya

cinths treatm ent was significantly different from thc! ])mhldle whccl treatiment 

With rospoct Lo Consmtinpmton of oxygen by p1an.toil. On the (thr harW ! , tlic 

paddle wheel treat toit n I,,Ihe fi teri wvithJu aIir h,,Ic ik itlh.:W'c:it ut (lid 

not differ wheIn (CIo 

, ll Ilc 

) SLmlj]tiolI of oxygn by pjlaI1ton x',:a cOpaIed. 

Depth of visibilit,-


The dc,epth (f visilj iif.y u I the pond vaters was dCetrm inCd 
u, iu a Seo c.i 

disk. The row]i n,:-; obilai ncd diiig the mlonth o'O'tobo'r :re sho',i in T'al)c, 

5. A i phic oiiial),ri'a ,n (fti .e Iieat0lonm t is prIo;'C-.oli . lliUt.iii (i. 

h'lheund, in;:: li for i a,, Limo].n c, s h d tHi cle rest v itei. Ain e 

they x','c!]'c2 ...., Meh:l(SIchi dish .uni Au- il! toohe., se'i nftIv . Thph o 

wereC t\vo lOnds, "'AuVec", m1 Joue.ch W.!tt2t1]t. , that. W'ui' -lar v;10t. : 


the other poiids in the treaItilnt. Following,, he udlwr.i-.l 
 r treatilnewsi:: 

in waiter c]8]' ity "o8 the VIew heeAM Lrutniclnt, then tile ovcc..(1I filtec Ire'L.-. 

IllIl!, and tihe colt'l cilre II:Li1 I(t'el~ll , .
 

Co Icpa I'i : (CI : 
 1{laL" }ilaea ; siow,,d tHIh:!.L th foul'. t'*(.,:i.ne t.,. f)}h tlul c'

wvat1]' fi le -,;, , c,, I w l!u : 1 the ovc v v,, ad ilt. WO.'(, 1 1CI thI I I I COl t lI) 

treatniemits7 w\'!, ia(,i ,dola 11 M e Suchi dishI bfUeltic(d, ~~lle,Ivit C7Lkh uo 

the ponds . 

http:t'*(.,:i.ne
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The W.1valIues durving~the Cq pn tal penori \ j firon-1 G.J. to 9i. G 

(T~ablc 29, Appenidix). Generally, however, the-, I11 va]lues did nolt fIluCIAuet 

(Figure 7). 

TPrcatmnTt Jnecan':; raw ,)ig fr.6m 7. 2 to 7. 7 (Talf] 6) . Tho ox'erhien( 

filter treetne-ItQ~ had (Ahe 1hust \'ui, VMS Icd thu paddlu \vIlied 

conltrol Acii'cim ) tmi'(8lncid, 1AIIMM2U\'ri HlitLI' With(Ij ';I aCI 1eiiI-8 

filter with water Ilyauinti:- I reatifllns. TIho' \' IuC8 (1 Ktincd v'v \'hin thu 

dcs iralil u ranlt ,e ()f (;.5 to 9. 0 fol. fk~h cu iv a,", h:'.~e w~i c(I9 

'it Ilie 5 1)01' ecOBiC\'2 81()iTIr8LfC1: hc j 11] for I d2cew[01. 


filter N itl viur
Li' h\'cths wIV di [ferw i 001 I i vpe , of :111'eci~ 

JnUi treatmoUn Ilu aihmt 101'VVL than1 pitloFI eAM ciuul ovoilofi'vol 


RAY~i Wruouut. Q mwbh=pit WfIueioae(j INnyo 
 ofeajiUmhunKpol Aw a 

the~ 1 ofr the paIO MY1 ml Ovepheoad JIMP1 lvet:n;L \':~)no~ 

nificant Ii flerci e'.. 1o'k\'ee thec paddlfe 1"wc ove 'dn lind Liic) !);pT 

C~.b)1d iom: M(.. 

(1'aIhIe ' 0, A p(uli:). 'luifor L:cac (;I)li'll:("~\J 100w10 e tj.CnL

rnvs (]iu i;). 
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TPABLE 6 

TRB 1i'AJ,'ENT MAlI/.NS Of' EPJILY \ONCpI 

17.6 7. 7. 2 7.6 

2 7.G.- . 7.6., 

3 G. 7.1.7. 7.8 7.5 

Moan) 7.6 7.2 7. co 7. 7 7.4' 

M o nri~: ) f ~ m ~ t cb c 1 1) 
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Treatmencit iieanis ranigedi roi-m 12. 0 'co 21. 1 ppml (Table 7). The Ixdlc 

vhocl. trealtmient, had the lowest, concentraion . in~ the a scwiq wasdinoder, it 


foMowed by the overhoad filter Ireal Yf(ll u~ider vzae f:i.'lter withi wjafer hyn 

eiuth-ls treahII0t, filoT liou waU lj."ilihi 1 tcN\211. I u anl Ihe contfrol.
 

cii'cuiatioln [reat inlitl
 

Coiiparis5li of 5 per CCnIt I
nican s at ve. inui1(Ltd no signif icant ASt'
 

feren Ce a 111011"' lie first0.11 [ra t IYohnI s, bu t thqy are all st~IMcan lower
 

than) tie (:ouit[ol.oiicukit 1011 ill carbon Idioxide 
 ThIiciraia.'lehigilevel 

of carbonl dioxidfe i"n1w conlirlof circulatfionl Wi Sru~afil dul. o the olv1 0 

Lion of, wva ses, anld ].'s]ilalion . a A'tm!heUlc Foonfds, '[hoe (ImIinldicmte 


contrl i ncoutin, 
 hadi the least orrocti er~ oiv mud i! "as fIjwomwf~l wh 

,cdc
mIore xv.'a fced accUM N~ila :Mad deoroposawf ht tii SI on HOfI . \'OnTol ' 

Vi thou gi-Iia oll, the pr0ilIs of the p'Ifddle \V" (:0 [c.tr ml-lon woul 1(1.P)-

bably hlave ]ul~~ a i~11c ofr Cmv.honl ,odkltill, (' ' 

amoun0tof' r! i~ioxiwe Froiln fish ro ;1li).a [ion :: 1dou ps o ) 

ir l.'a 6ioxh to ir fto aJigul i;'ic, ilt 

feed froml JiIicieoili.OvC:Pill (Ta'mlic II). Tle:padl whlel wa"".s m;),, to
 

nlo\'c a Im'o ilwi 
 . of: wa c' nd ca:r boo liHo..ic( con (cclitat liiS -,ce Ihe 

lowctst inl [hose 01 llliS 

Cunect:'afo;~gof cmi-ibol 
 dio::id, illjoil. \'i Bpdle\hfl ':..C 

comlparaf Ic to those,!I povlds Nwith gLte i'lte's. '1111:i wmi; IIoh:alily :I;- cIT:'f. 

of the biolotical act ivify of ilie(rve ['ifer Inw cffT ciolt con vOVIOO;11 ol" efc(I 

http:first0.11
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TABLE' 7
 

'IffA'.I'MFiNT 1\1 IANS O1 CA 1BON DIOXID)E CONC]ENTA'J' 
 ON, ppb1 

Undci ,,'tj eV L~ i:nov If: ( ,\v.,ij¢.:;d C)ori iC' 

Replication P'addle v,,l c] fillor (with filIl (Ino filler circulai ion 
Iiyaci at I) hy:t cm i~r ) 

1.3.7 15.0 20.5 ]5.4 22.9 

2 9.1. 16.4 15.0 1.5.6 20.4 

15.0 14. 6 11.6 12.0 21.0 

Mov: 12. 6 1.5.3 15.7 ]4. 2 21.4
 

MoIm) ('01nInI1,i tijoJl a acI.a
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Two replications of the under-ater filter without water: hynehni.ha had 

good yiel (A8 and A10). On poll(] (AS)h]md C 8ji, hli_,vl 'b 't n> 

dioxide concen'ration as compared to the othar (AI0). 'hiae d(i 'fOce, cq,,i 

be attributed to the difference in imnJ.Mnr and weight, of ri:h in Im pondis. ] :im 

AS produced ;34 fish weiighing 153.5 lbs. Pond A10 had 278 fi0, i hiP,, 

138.7 Vbs. 

The overhead filt .r treatment sufered [roni e:xtonsiV' 1eortalif.y
 

.xc p)t: in one replic tfion ('1 '8)e 11). 11)(his replic, ion, a h .,,,],r level of'
 

carbon dioxide (:o]d ho .xlu (,t od 
as colr : d,re,vih III(! 1hrl , tv', r'j icjr;
 

vit'hin the trealment, duc to the 
 0f f.;h. 'ilh 


Carbon dioxilO \'5 (ic otdu0) e etl iean .. or thet fille 


tnna:iv o. retaiv'ly ]cv: 

p'rovidin,; 11)0 'C tili,,l for 
the: (11t.1)00 d(!0('8U(c t caca'I- :tii l iere {I lit.e. e~2 [A)li asl': \V\'atccl. v broi'. B].:'1:1 

the fl.ter.
 

\Vithout oxy,,en depletion, no 
fish kill was as,50 ;., ted with lii;] ea.bn
 

dioxide concent .imns. hn i he ot.her hand, 
 tI 102e h ]- coacenr. ions hind 

probab1.y affc(f.Ltd Wh 'osfi!.iori of Ii sU in pond.; hibds ::ufre:c how di.onvrd 

oxygen mos! othfhe tine. 13:u;; (1959), il m exporlkay u.i,. Rm.. spvcio. 

of fish, namely: specled trout, brown bWllhend, e:lp a,.' gmldii found a 

gei li'a[ I 'lld 01 j'cIIcli oll ill i the i.VO l~jveabo.iei '8 C' 12 tI i. O:.3"h''0 e( c3",c:1.. 

LtItn. il tho nu'tll r]ncJ'cr:';! ( ,i{]B 1 in) 'e:":;in '': d nlc .-.. 
o ito. ido c 

iratfm. Spot, ([1'70), :ai;t e( I,;It the pic. ence or '.. c:rr.omn dioxie m," 

depres, thi affinity of f.ish hiood fo' o:r g esneci:alyv inl crowded Asov, 

with low o:ygen Ien :jon a. 

http:hynehni.ha
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''A 3 1,E 8 

ntK/i AS (',:Oj 

A '1 Plic 

JO/i]0 


115.4 
1 G9. 
172. 0 

62. 0 
170.0 
32. U...0 

134.0 
110.0 

17. 5 

87. 0 
95. 0 
!2.0 

12 .0(1 

136.. 
50.0 

FORl 

10:c 

80.0 
12;. 0 

161.0 

,I1.0 
143. 0 

12..0 
6.0 
]0. 0 

105.0 
92. 0 
Sd. 0 

9... 
1 ;:1.NJ A 

57 0. 

]E'AUHI PN 1 

W:oi 
:/]1) 

', I,, 

101 
I ,7 
1641: 

13 

541 
,9 
12 

'/8 

M1.12 
05 
213 

8G 

94 
99 

90 

9. 

1II20 
I 

90 
i 

'I'OTAL ALKALINITY, 


TIre t ]n n t ] o hdI 
INm. 

addle \\ieAl A3 -2 
A3 -d 
A5-6 

ljden v, I, r 
filler (vilh 
yac!in hI,;) 

A7 
A9 
All 

Undorwnteir 
liltler (no 
hyaeilt hs) 

AS 
\0 

A12 

Overhlcad 
filtur 

A. ,-]. 
A15-]I 6 
A1.7-18 

Confrol 
Circu aLt ion 

A I -10 
A21-22 

.2...2, 

.]0/1 ] 

112. 6 
I] G.8 
160.2 

57.. 
125.0 

n0. 5 

170.0 
111.,1; 

29. 2 

89. 6 
1 10.0 

93.2 

I1ND. 5 
151.8 
1.63.0 
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\Talucs: Irn' ccun I idnCSS Moe ailmos)tt riS greait as M8uCss t'o: Lotal 

haW~V 5 ionicnllP: [11at mok or2~hci.h a vdnio 35 ''vas c ale jliiha dn Non1

sli [t~in.dirfori''n was found nio ECtilO means widh regar in Lttal.amy m~ 

anid eilllujj hlnilss. 

'i'lil:I.'oe x'ighl. radcl~-pcitotal minorta liiy dat a from ce 

ri~11:in ~ iIiI ~ Ub ./o IICt1 Ih..cara SC11MA A] ~i.l(a 2.1, j)(]lnlj Div U..) 

1'plc]1I't ioln wa oa o o 

M~OSS a nq d i ;alnr C'~dprre ;etw in 'Yah~le 11 'il or inkilm for the( 

to) ('-01 1 isate c ror i Iill' !11..!iaIi.* iie o[ N. ig n2~ 

~Iion the:' K . C ~. Lio. ich0 L .! (It V i: .ruo 

I V'Ii'n 

I 

ll 

- Il:MrI 

iIi (( 

in' li* ' 

ins!ae '[h C~ d 

a rv' 

iti 

did~ 

'lOr 

Id 

I 

om 

))b, 

stiiI4.;i I j 'so ulii .10 

tia 

iid 

sur'i\'CI('IbI 1 :,C!). 

thie andII:III(I hi"; !V 

'Ili 1.01(11c:\,V \''A 5 

t~Lit('I! i ldif:I 

, upcriw. i-.1 

' .iC.V!I(I2 

E: i';:v 

IC 
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'TA.IIE 9 

TOTAL IIAMPSN!,'S, mg/i AS CaCO) 1"OIl FAG II POND 

''Troatloil ].q),l(J ) \ T F: lWI)]iC:i ,l 'I'J'e:L-H:jn 
Nn. 10/2 	 /I 1 1(/1.9 l.0/:,.I A il' 

Paddlo wheel 	 Al -2 78 80 88 70 79
 
A-.J ';( 72 G9 G9
09 
A5-6 k82 80 92 f96 C 

Undo.,w tfI-	 A7 82 76 67 600 71
 
Jiller (with A!) 109 112 
 110G 1 ) 112 73 
]wyainf hI-;) 	 A . 58 33 25 29 85 

Ulldrw.a c-1 	 A,<. 104 109 .107 108 10'7 
fillfor (no 	 A. 11 90 G8 ; 75 78 
hyvcinthii A 12 55 12 50 66 5:3 

Overhoad A -1 11 57 74 09 85 71 
fillori A.5.-.I G;68 77 81 75 75 74 

A 17--18 78 82 80 69 77 

Control 	 A ).() (9l 93 100 .11.i 100
 
'.ircuilt io1 .,2....2"' 97 91 9.1 ,9) 
 95 99 

A21 --2,4 7 G 97 116 122 .10) 



TA B.E 10 

CALCiUM CONCE'NTIL'\TION, mg/I AS CaCO 3 

1"OFI EA"a II ')ON) 

'l'roatil'nt 1Pomd I) A F , 1 9 7 29 I i on ''"," ,.t 
No. 0/] 1 ](/. 10 /:(;Gl ,i ('811 \1 (1/ 

Paddle ,,lel. 	 A .- 2 70 52
3: -4 5F) 62 	 r ,'' 7 

A5-G 68 62 68 66 

lJnlor\v8 Icr A7 56 31 26 39 
filler (wih A9 80 61 0 6()8 12. 7 
hyacinths) A.l 24 22 18 2.1 

lldenv,:1l A(I 83 64((G 70 
filtoe. (no Al 0 62o38 8, .14 52.7 
hynci l.b s) A 1 2 34 11,1 30 3 G 

Ovc'en~d 	 A ]. --11 5(6 541 61 ., 

filIec 	 Al (ii G k8 6 I (G 62.7 
A 17-i 8 68 62 (0 G"; 

Control A19-20 78 84 82 81. 
citC'ul at iO'n A,21i 2..,,,9 85 80 84 ,, 82 .0 

A2:;--2,1 ,82 ,12 G 



~~~I, udiar. hy i 'i yas~~~ .Cta.olo ilo~rI)Cti 1" 1" if 

;;701 sl),gat;])a%,Ot,:dhi a1surviva~of'9T'. 3 pr~c di 1. 1-1WoY' H1~'w 

peid . 1,1ho to ulldewALr filteroi; ol , (dy~ s1scomnj.~&o 08 o 

ile other treatmAent s (11.01) Or S of sp ll 1~ohabn Ill 1 Ln ro 


epl cd, ti 1 i n th Ii6arota nip oitmIH a
i I rfrm h u' 

01o"'d wi H)vilnrn1o11is n]gde thIiL oesutild in pump f,~i
 

\I7 01 the ff i h c I h'
OiIc1a1Th) (A8 a111d A10)of 1, 1 lyhO: 

had Suvvnl of 90. 0 'And 90. 3 per ceni',~ rospouliyel.y7 

TFhoro \V~'Its1 sAII"ni~f n) d i IC ncc1 w n ch otIIIdc '' . ,,eI 

Lre 1en1 'Idc ci6 osihro to (li i ]du'L03'Ji
 

JChw'l c 1 ytoll hs LontLl CM Ieli, 1 OLffcc thj&roforo,
_y il onl n 'nd 


fiJI ,rs- e,6 I'~C~ 0
I , e cn 2L 1 , i sin!~1, : I moilT ~ 

the r1pIiCaLt on): ill I o IIQUOl1) I 1h): g) I l' ty. Ilr 01Le '0t hk)1tP Id Iiih1 Ltd 

rnaiiw, p i Catiols,'i 'o colnparabil o;,11,jxid(l whco,; . IIf l vc stc 

. Id ri j,74 i~it for J) U) vndoc! fiS Ile,Ie. C~onvers1ion 

aIs 1b 2.c,6G(adJ1.b 11 ilarc o IsL&,41 Io(2t 

'n sOt' L e cv e ("o~nlau'nder1.a J1o S, I 's c 

ci Irc 11 m 1,1.(~ I it v Ca i I a~Io o '1 

fl01; C.1 f' El 0' II 0,11 ' 1, y 1ii- 1 16 l 1 i a1 

http:rospouliyel.y7
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TA BLE 12 

FIS] )AVIO1A].i ... AND SUJIVVA L 

Pond E];ti mn:{tcd No. of Pe'cr cent ]er cent 

Ito . y Q Uo I , < l'i sp , ry l:1'J_ , : 11 ( :{ i. m , ,; nIya 

ddo -2 01 9 3.0 97.0 
vhcel A ,)--4 2.1 1 0. d, 99. G 

AS- 2)"5 24 8.1. 91.. 9 

UndcrwnItor A7 320 104 1,0r7.5 
qilter (with A9 j80 9 2.7 97.8 

yacitnl h s) A1.1 ,1 '7 284. 78.4 2(. G 

Undlrwn (or A 8 :873. N7 10.0 9 0, 0 
7il1er (no A10 ,0,(. 30 9.7 90.3 
U'yacint ;) A..12 8(; 21.7 81.0 39.0 

1 vorhead A 11-1 271. 2)21. 4 1,,,.)o; 
iltor A15-I 6 31.6 139 4.. 0 55. 0 

A 344 .7-18328 95.4 4,. 1 

,Ontro] A. J-2,0 281 1,3 6.4 98, 6 
[irculation A :,.1 -- 119 5;G . 82. 

A2 '2• 2 7 2.45 ,d , '1 

/ , irOn the da , of r; v".l ) : , Sq)'tem . . , 9 2. 
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conversion mindca t.d [tIt solllo fact ors in the onv ir.on mlont e not conducive 

for fish growth. considorilig that feeding"" ratic0 was n ot, dt-e lrn tho 
enitire oqer iin en ta I J1i od , th1eir Ieoding effi cy( should 11Y\ beeii h
 
duo to le.ssm- food g~ioni 
 in conymm to1 Iohoir inere.i siiJvi' i and hi...c 

deniand for food. It wns at so note(] Ihjt some til [ho paiddlt whel trea:

ilont died at harx'c; fabl 1) 

Overieal
V~h'c tit e. 
Thi s treat ment. ha'd one! repi ication(A:
 

hait had n avve"1l 
 voi ;,h! of..12 14ISm a1 n survixa or 81). G pw cent . The netl c!en,-Lersonof :3. -.'5 w it lie ran:ge of'(lhe paichlte\o'e Irca Im . WVniI ei' hw

inths grow \'irm~ofy 
inl all temtnct,(\.N.i hmo grown in lie wak: m. 
10emn1ont h:: in)of'lu ov~erh'lr.!( filter. frealmnL. '11ew~te 
v;i'I ~i 

-I 11'.1( t Ii o h :;r !h:tf t hi nni n ' wva s, i : 0 I"an i. ' Ae . \ o.tm
 
Ithe ovejiucead lili er 
blyatoi imtiC i sunlin in jy owl . 1t i,4 'l J'ri! t.1e 

Her is efcrti\'e in n iQ' the org~aic wjemklu e: I'vil Iin 'valflo 

o five trelint t One '. of N.::n 
di sIurv'ivra or 9:3. ; !ceel. 'The fi'Llf n r i l n 11: p.'),1( 'a (-ull totI 

mt as 0.rig-iinaI doJ, e'lc. NO' ((on\'(i'si l ot ;. G~ tvl-: v('12 ill"'2o'icii 

e00l trc"WIS(IL~S IS "O1( Ih V.0~ Yb"", duo to !hi, s'l ' ': 'i.: ' To' 

isor exienf, (ha ovei'hc(i lb' \'a~oi lioufad Yoi IAl)l 019)' nx vof!1. 'This 

S mli b)dit11cil ol in.-i i iiuoli l ia . ipr., 



I\IATLIUAJJAS ANI) JIcrIJ~ 

that hi i2(]opd Lh h, tIOJ) f 0 )icrcof cooch Iit nlei. 

A- furth an m at] '\j 

Jt W,1,9 (ICI( ii inn] [in 1972 that smo1) Ire 7iQU1 w:. t".1 verc (:~i :-up
CI,';f a stancli Crof 701i Ihs cWIIoca(tI(j or aV~ ru of'ic: 

D fiXC(l tHI IILHIO~1 ieT ci o of r we I i(q~lh. 
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2. Underwater grave] filetr, single 1)ond with vunlturi aeration, stocked 

with 200 fish. 

3. Water c irc,,ulalion wilh paiddle wheel, dual. ponds, 'stocked with '100 

fish. 

4. Water eil:cuI1ltion \\'ith paddle wheel, single pornd, ,tocled with
 

100 fish.
 

5. Water c iCuhIll, ioll tl1'oti{h an oerei'ad I'l.ij, dua] pond, sLociked
 

vith 4i00 fish.
 

hcie (lesn,)ign of Ld(I C.'V:It(.T 
 ,.Ca l fi].r aS tlse3d ill 972 \v usused
 

n the. sy. 
 T suh sbnl pmnps, driveil by 1/2 hp o.o'- , had a. Iargcr
'low rate than Lu l::;C!d in 1.9' 2. 'T'hu ful Ii'ate of l w v e a cd ii cn.eu
ating and aerating' the Vtep h ,,, the 1'w (J .. Th (ly (lece 

etween t'(2;di~en I ,-:2 Nv:a; teekiig cate.
 

The lmdc 
 wh.l tPuJe.l. : 8 and 'I differcd only by wvaly of !hew.ste 

Iet ' c n ie nt 1c<inni l for."' i'f i . N.)L'ri -' 


A ]minor"1nO iinel':tjon V: virmade 
 in Mhe ovoi.'lied imi a eomp:..l tolie 1972 OXp)imne .t 111I IhnI(: IlV!IL ( cxj(Jn'ii . ,.Ml-om, \, 1i I 0) w 

as diseha,'cu(al on QJ t? the fi t,' while the J'in;'ind!xc-', V,,, (12 '('tudt'J -"m!1 

efltturj--ai'a J w,'illiji o pr, li c ni )l0 .
 

All tr-u;t.)nc)p! 
 CUJL!.1 'ifeNv''eve\l:,5.1:h i: i i v ' , ) ell vcrt "-:iA Vi' 

thor 15 niiiiti on v 45ii; in t e, o rt (8:00 AM I( o <.:0 ) I' "i) ().- t(',lilmto.,t ; 

)0ration (8:00 1,1 ) 2:06 AMAl). AdiustmeLi of hi; s cimdtit w- cd hn
 

e1])ond(" durille",'.' 
 , (1 thewth( o J;perilliCj ., 
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The same sounpce of Ivateor as used hl the PrccediDA Year was 
used for thc O).%p(,ie';Imt. \V1a100'fcQssary, Nater ,Ias (added !.apod 

to COl~lpeflsatc for c , Draio'a and lealkage in order). to ma1"in1tain thej de)Ut 'It 

aPProxiJ nately~ 2. 5 feet. 

SLILI~iI
olFl c llmenci Catfish, alii li Ctds 

~finge"'r~linos 4 to 6 inlclh:!.lo \,'rcI stockecd ill tIh pcnll. 'Jha lUnib of fs
 
per pond was fi-ed .Or opo ile, a an i s SI Ockd with 200


lcv L]icr tvmi tini 


catfi 1011 
 ' I beTOc VOSAr i.Of Lc:im n is1 skvoa: ed 400 Cc h-L '111o c) gi of 1.1'," 
fish S'locke"l cwpd weefa irly inilopiv (1 l 4hc'2, jQ0peNdi) The J'in'or.

hgsCameC from'1 :) omo fij-i Japlt
 

FeedllLD". Tho fi',Ii wQe 
 ft' ,se)vm1n Y aed:1~ Juh Me ja e

noon %virh f]onf iny pol loed .li iul vfl.l Chow". T[he, r".'ai J 'r~:ied!c 

[reml 5 to 81per!I rca!.) of. ilc body 

vfI.: 

j'eili of sAi.)!JxJ fiSh. FProm1 Ji;1:.(! Jo du'0 
3, 1973, [he RAs r.'ehei'cd 5 par. coiii Feedii''; J.','11; *J 1,; !0o\uust8 

o1' cent; anid 14eo MILutl tho vad of [Ia :c2.1'iknom~ A pp-mit. 11ca(!ifl' 

DIOaS 01' i\lasted 1hv IeekIu j ile ibclhoS:'11. 11:(i'
 

is ours
mun ofe 1chcexlnA llLA Urain Mom! dolholi[le valo (dlth 0" 11! 

:o0vilg Fi sh roccived Hmrwi2 feedi tha1"n tHe lce olrs . 'fbi!sv.,a d 

)a~1.ajno,i If 111e, 1':11 6d 'r (I)(iii ) vw h i'j :0 (!0 IId ul !):!:I, 

http:inlclh:!.lo


7 

62 
Ito a favorable environnment provided bye ltratncrt. Pho mraxiuni :I.ectuu

lated amount of feed iiven for a growingr period of 101 clays v [9:;. Gis 01.']n 


38, 720 lbs/acre. The maximum daily ration givcn for one week reached 4. 

lbs or 91.0 lbs/acre. Feed raioziw was 3made difiCult due to day Lo dy mor

tality. 

Vish s narpiin,, and ut'ilh. Tihe growth 1alu of ji'a. me:i.;u i'e by 
soining 1'sh at m]mohl iterval1, an0 We ighi1_"thewn . F]iy Imr (wcnt or mome
of the: fish ])oplatioia ',','c wic l ('ad tlc . 'lihe hiu.h \..e :,:,

N91 

1ila a!nefhaa i .&aOf ~~j)jI,!iY,1 ~ ~ 1 
wit~h~ til 

quinaiclijie while hn ling to)roiN ;t.icss. The fih x'ce c rn.P(I aiind ,ei:jih:cJ in 

mass as quickly a,; i e. ,'-f 1 aam i l thus - plad wci:;lt., ;III ('8.1in)8ltc W, the heud 

COIvarsimOI fOr c ite:}} elt wi.' (btaj e 'oh n indedI Lads'] 1" ell collipil)Il{ ions. 
aera n'alv:.is'
 

In [ioiuIi) (i:-2-ove (,:..;cn, tuln {ralat: , ox.C,i .,jLamp,h 'b.y ' 


planktonic comrnujayity, carbon (iox ide, 
 pH1, total alkalinity, fl t" n,1l-cit'.s, tleh 

)on1d waiters were li)]ini:niadana Iv zred forI LIrIcit, :ij;d niie c 
men: 
The time, frequaency , aid net hod of :na ly.; i .:wev, ;an follows 

1. 'I'lrl )idity wa'w eXJ)J'e .( ill te.in. ofi l Yua i 'ity Wait(JT 

'he turbid ilnc:lr u,, in the nl wo ]',\wasVW c , AI,I'3 1 Ii, ,;u;,\Vat or ,af di,: 
v'Ore t:aejI t.f(alol tl)(: l-iiddcl' (Lp)h of pn)nd. i88Li,):i.. 7,V0t(.a',)i';tc Ix. a1%2i'rc k! 

ponth.
 

2. Aim moni:i (!.:!!.,;) i i \'s at bi-\'etIkb ilt \'81 

y7distill ation and Sp.cetroilhoto] i, r rum thiod si usb,,,OS 2rii icd '. (I,-,-,),
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More determihtins were made in ponds having iurta't.ity tht as nOt caused 

by oxygen depletion. 

3. Nirite (NO 2 ) concy,(ntiratj was meuasured as fr(qulenjtly as ai)mmnoni.1
 

by the sulfanilic acid mnethcl (SwIwgie, 19G9). The w'ati sm le was filtered 

through a 10 Umillico lilt C).- byciiitll:cdising a suction vIecha it:m N iI:ritu15 


and aunoia coniionaLht,;io ivwre n,-in'yzecd at the ,ono time ijmc'di:Lt:Jv altr 

takingvwater s nple, early w,'s,:
in the morning. Arilysi:,s t'i llly flini;:Iled 

within cight hour's. 

Dra iii ,ni 


So.ile pondhr, wvre (lt'; iild I th 1 O!oh er,
l'liJ-I'r 
 of ho"IN i'yIm 

tality lealvin, ]but few fsh illtie pinid. Pu L'thepr, the tlll(rv,'at2e r ,rvIlIte' 

stocked wiih ,1(t ir:h inn:i'hccl ni!(Jflt .'whore iRCoul(1 liot conrhi L \valev hiho 

he 1Julli!) Stllip tilN : %v1the ].it,
ii ldqV Ann iH'ni ru).'(U, e ntu'i c -

,ion duclined as showvn in ilg1'ilre: 10 and ]Oa. 'Ph ,so pondS woV dirr, id 

oil SC CmLp; 19 ,T 1NA'i:. lhe iL'i ;i l ,vii.h.m eore
j'i<Ii 7( dIir , 

on Oct ri.., 21., 197:: 

h'L r 'C'ox'kJ.('d 'i:liIhi er' ntll l iid vui 'lied. 'l1,a. :fla eI ' .( 'i 

iniTable ,12, Al:fendi:;. 
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igli 13. (o.1). lie acti ii of wli CC,0 Hie !)D(dd ajipar i ly~, %'as n3iot srn~C iont 
o Inlect 
 dencia ad ofi demnIM)fll 'Ph padl wi wuiasm.l.~ l w to upcr:i 

flt-Crlit(tl]\ (ILi'i thC da\l. NAn C AIIJ;MOIISI' at ,8:008ih i jX()8:("( ZAj 

11inthoe it \8;ini OferLC ion for 15$ il inutus oill ()I hour. A Iongeroech 

Lorio(I of rust was fi 'cd iiLi ced iig t ilnu. TPhe lowm oxy',il 'ailgX' 

[Ikobout Qieejig uim. m:i [linr sa~lyu tir:1d ~ddums chzl 2cd ro thlm 

ho]ranl 8(M IIAIC (M[~c14i!cyc(h hour (itirl gr tih day. 

Ch icCiirlitw O()((I*I0(.'ci ini (!I P]]icatiop!. cd! theo dl~ hc wvith
 
Iigla Inoi tI'i28invA oikiiiMA i\i jean durilg the: fci-h NveekI of the ex .ur:ilint 

)id if.jio si i)1SI 11j~j ''1i\i c'eLjii-r Ii i i IJ)7:). TI'i i c- ( Ii L in i ]i ii' 1,8\u 
~CI CaitM cI:),1 :imJ ai i~'l i icjti a. P .!fiv:i[II -cC' "'.lmcd-(.nv fltc:L8

)ni (eilus 101i'nuho "Tnv'~Um 11mCOr 'ichal lcImnl of t h! pn&Hv %W\'lR d (I not 

afti ( ie ci(I('cjuaL c -L Tll ' c i'i' if[ .ci 1.11Jiil, 

w I1icl1m" '11w!I Ie:in> j-~p o i I.i!i I h[c't .e]Ii1-1 LJ.' , tvaryfletIn 

flcix1 ra:c l X. ( V'cAi' Ic.. ;i!- cas ciiF '. fi:A ill 811) i(.'Jdlicu~l(.jc ;'dh'>. Tic 

IIallit' Nvan:iatfi! )luc']I d i2('2 : 1cc :11!dliilionila d)up.'iICAto I, 

http:i(.'Jdlicu~l(.jc


G7
 

WVater ciuL It 

aerationl n ; of L Ii1c'. The 1vuIJddy fnvertages of the d issolved Oxgnare 

presenited in Tanble pJiwlxAl( Thu,le ni r n ml;ix u ul va I ues For thu 

week are also in1(ic8a ('l. A graiN1 (ifdIivolvGd ('Nygul, \'(JsIu- I hi i, hiov,,n 

]1'I(Iye('tjvc CJ: tirc'lltjnents , 111(2(;o:Ui'etiol!ii'll~ay:_,h
is sho ed that d i.;-

SoloJci OXygecn \'$ lwI\c2 Jy C!1Judec will) lVCortal]ilt. , milm]on i;t, crbon 

d iximidn aind t en i vr1~1iavP 'Phu ('(rcqm~s,)mlh1W (':riIA 8 1 ecouITii Am v.,cr
 

a de(C].'CL:c~iii him:(KiA''l :,:;:. I)(mi *i11.i(Ii i s :n Cci;:1 "M Nf1~;nn s'emi 

il .11l :k ]Ulif , (-,~1I1:: diio id1', -.11)'I] 1)()) ( C) ';i orC i rc!* \ V S 

I'h 11IK Nasu'jHue \''dh (''<'' I duplel :tv812ii hislm h.11)iC NW:N 

T1abl e 32, Appcendi.jX. 'P'li (1VCC C2i(X cl'Is (iurinr [lhe CILou or1 siWQHPI 

N.cr lov. c(i (',. in :I Aj(Il. C::: w Ieic IWoci ( r ',(I o: I (lil '( 1: ~ h . 

d its.solvc'd (': ~ \ :; . :o! ilC p7C(110 A~ - fi(1W 1iJ11 (Clof C i: I ' -(V(CnI 

Collc lit'ur:i oCl 1- l 1 , .5; ;ml :,',0 ppn-i r usei'] ('uh ':;,7 )1od :39, /> e j) 

Tnl general, w j:1 CC 8 CJ(i;;i CI C.\I') V(i2CI
 

werie h igh1 am'. e cIi)I :1 1( ('heuh 01it>;. (TiIhIt I'!). Th i111'; C i 

6 .2~t ~o ~7 ~~" :A h " o f a w w t 0 n v n V p o i
n n 

va1IC~fOu]i 'L'dI I.,' Cll(!j:C.ih, hC \ith fiilo1 l:tt~~ )C'~(f~ r)~~ilh.. 

http:Appcendi.jX
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treatlenlt, Ullder%\Vfltc_-l' fi[0,Ito Uit h 40o fishIi reatmont and p~addle wheel with 

dual pondc tr'ootmeIt. 

AnaIQsis of variance fo so]vi xYKQ shmoed h ilo sIgntna H;f. 
ferencc among tile t.eatmci-efl at I Pcr- ced. lOve]. W npa rison aMong Jnenm, 
at thle 5 pcer cunt lvel (TId 311C14)ahowel tbhat Uinnolv\'d xygcn hl TO i 

WaIter filtcer W~illi 200 ';Il .~ltin n tte tpadtdto\,2e vt. M i;) Ild vt 
MOnW; was~noIW igsiicantJM U II(ftA.'cSO two'( ii it m W! were ifuv. 
ri'om thle (AOt hr,VC ieiitn cI;{; ' hI: overh cad it'tIC(1l Cii]eninh\V 

fl~I]'kCd (Iitful'(inu Iluml tu Ieti&:i dillt! jt d.e Iotiee IEuI.c, Vlan 

IIdl-Nvater1 filtu vci'\ih 2(d) fi:.Ii :,!(, i jud wisheel 5 v" bi uig )):lu' .:i due1( 
a the lower dona it of Antdc tfi ancd thu lesserp vue ot va: ur. FIhc! porns, 
Ifthe ])ikdle \x'hcclMUwihnive Puld LUckedij. \Nve'Loc](u' J Hilt di fi.n! ;it 

rlok~alh{' (Palu 2). Julbe', Ibhis JihadiipcuciO\':t\\Ie 'ene~ 

irouIg(,hont ('i IJ~ aind 1.1 e), dr~Amo, VA;':Jiii RL Vui.':i x:;~ 

.to to the [net ~t1.i~ tru;',d IMASl wee muNiid i ll1 t-l(l't 

hie high di'-aioi\'erl Oegei i I iuggass; that th c~apsceity of the =Wmltio 

'ItS Nva' aLd erluatle inl a] 1 treat'lia cos 
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The docline of oxygon cunccontlin in the ujukawnter firH tren
 

as showni in i'igvr173 10 and I On w\as 
 eauy 4,'dbobst j: ct oll of flho filler by
 

fi lairentous alIgae and o]y1em 
 ate' i a]. 

are 1weCL3nLCCI in) T11] (23, A\pynfd ix . 'rho (Imuperiatu 17 va i'int1i on ani ong.the
 

repl icat ions w.'ith in oath tleatinc(Pt vaS sina]. 
 'Thecoroi)Ulled I.to:' Inont. Iran'-; 

of tompuratu 17 ar A=~ov' in t'I= 15. no)ercaso orf'Iojneia Lure w iL Iiinc
 

wns evidenit in 11gurus'o~ 11 wid I a
f. 'I'h signi~in 
 m(i01laiiillTCINitCI 

)0twecil) timo :11nd ten)1wr 11fm' wa- -0. G:.. 

iffcroec (I v'i')' 'Iho cgL' I 'aio~ C 'nlparinci)l of 11w:'U;1

1'll.;l0 110) in:]"i(,:I! 
 I::mat , k"'( :! ~tP r: H l.:nd;oIdr1he ove(j

leaIl I)] ('j7 tli m m: i \''cJ'c di;)01(1 oI-ct I'l-on c of hi p. \V:;I(!r' i 

If tIC frnier 1112(! I"rentmmo..lmf:;'.:cli' offui'oni.flo thmi or t he parIMlo 

*C]atiurcr hniof I'm jfafllb; AM'u: lInicd)':lomfp 
 s Ifd Mon21 (hub- mean.,; 

,erec onqxtr17d. 

Gi'oupiwg thf troakicul,f tIho 1h 'atWAti'L '2l1rCV lIO: \\'Wc 

le p"AdICe whmccl Nvith 6a '1~Iow'aid '1ip frotnini. oni B inBC1J7C ' 

.a date of 1 972 cxpur bvi tnt. Al 1fi-ough no (12Ift 'r'enc-C(I ie bov.'ecl]o the 
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underwater mand overhea 1iIter ti'catments was Pwn d in the pvynnt0xqwrhqn ne 

the ranking of va] ins jvns &iaP<i'uufl ( t with th)( c 'v ioUS n: .vm 

D25issolved <w~ !YLI~kyiularh114ollic cc The oxyencl 

COflSLWnptiCon Iby aaJ)narPt(fau~& by [Il e (18 k U.n[&ee iu Iap'r~ P' 

in Talc :,,] , L 1,11(jlicubut (H t h n! or n u (18k wo 1, 'aiel i 

6 tO 7 h1u0. 

\un'Up1~ ~ jueIiW for1 2ch Wa'nuia W shown g1:uoaW&xt, 

in Figuvo12 ai i~ or ti'c'aIn iul i11canMS('aLe ) .'vI 1Lathei 

liighosi.C]i iatt' lo:\' (I) ' j);J-,Anko wi ] a;r i [i wt> 

padle cl MM duJn]~Ai.]rll jump! tv''(-:i n ((, Io]Iu~rve i' yv(yh'r 

parisun of ,mi id':~~(2 ;2 Ul'.1 '! w" Qnicji 'ii (lI'I2 8118 He 

trealtments C:pi! ha!t or [18uI,( v'i1(1 flfer wNt 200 in 

0 1460', In. 1'ingl k "r 5,' i lo'f2. PIi) c (i Iynd'b vaky & hiI (1ifu 

1cT L]WnntEj d IV, '1i 1 W i ilK i e\v'U'1* kiii f. 

Thle allal.y\'n in of V ';ae i' 'I'II n "yhov.-'cif ;I Silj-i~nfc:ljut di I.llUciu, 

J3ong the tretnt' cl~3 ('abe/) at tHw 1)01prCant leVel. Co-p1'n]Of 
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TA1LE 17 

72 EATiENT AZD R 2LICATi:o: 24EAN<S OF TULIBIDrrY, JTU 

L~h'.d2 er -'c:, ':....... -vhcl ........ n.hel Overhead filter 

1 2.9 2.G 19.7 26.0 24.0 

2 27 2 4 35.3 2.1 1 

3 7.3 14.1 ,27.7 
1/ 

2 .5 9.2 2 27.3 19.0 

nonCoao-D a a all 

1/ 
............ ,-f..... ,X'at*ioW W(2! ,.u. i.... C2',Y.--,-,- 'I. 197-
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teIl de fifli theti, (11c vnlot(Thl \vit i ll"4'4'4 i 'T;I nul (IViII' 

iovi 1icitoattcIUbn cklloie Iv'he s (I flp~om H1dt thu w ho ~'ll O&'ddlf~,I 
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1133 Oil [a wcisi hil it o ti 9s
Iix tbt 1 11e and~ d 

Arni~oia hi~hu or 1:a mot1t" iciOds~Clti oxv ,r n 

co res 01dill". cOcffici(" VL01,-e, 0. 57 %/.T6'iy1,1 re,, " vbd \7o~eJ rd 

to, tie cOre(,d2Lol~Id)bcW~e cal.holl lo,11du amcaill n01 a concentriiopl the 

C Of I sigIifian e Cetf CIet'of 0 55 wa-i I-ata1cv(31 of 5. 1 p h1 


1lio m£it,]H lc
1o~nat, Ial ocnrrje i in ponds A77 


d icto"I ilolit )oxiH..y O110aucmse*T Vhe level of oi in 1 the f ore
m ]-nI] 

ponid incroans d from0 3(u4 Sd p~m Th', hig 1'0,), ao 
11i'1 Imlo0ce cnuse 11c d gx13('l n(" to I . 7prod i'P3 .-~ 

1- /1i ll th hYdl(tc Il0,10 1.1"" :oncisdu nt-V-io 1-J s 

Xtda.gnil leveli ofann5> ' '11 "I' 

[ho) L'tlio Ow the-~L4&' 4tiVn~ j"" 4monjhofta1Ali c)c' 


d iy k l "r r clt O I
C,( f1) " Is 5h th~I iJ lvthm glo nn J"GI 11 '"i', 

.,4~~,44of 90, that C:',nin l",f- ,')'4 444, 1112;11A Eh4a ~ hm~ ;44'-',2 

( r 1 c(liIlaC11 f m-,il -11O n li4'4onth :1164 



TABLE 19 
AM2TO LA CONCEINTR±TO -S pm WITH ITXI7U- .....VALUES IN PAREXTHFSA7S FOR EACH TEAT ,i'NT 

D z"--
T.. 1 - . Qx'o r jto a d filter 

.n. 0-20... .... ..-0. 2du0l( . 
' 

J." CJ 

-, '.--J".. .. . -,.(0.:'1.)"0'0 O. " C 9.0. 2 
%) 37. 10-00:2S._.,.3,'40) 

7. 

$ / 'ir3 
2_ *'-

- i)-2312 
"-..,*, . 

L 

S.......~ 

) 

',' .... .. 
0.42( ,2 - . 

0. 22-. 
8 

0.57(0.3 
. 

S_) 
-..' 37) 

1. 5 J n7'. 05 ) 
12. 2. -(0" 

9/7 i. 34,!. '""!k 
.. 

10"0-5,> 
' 00. 

•9 
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idler wvith 200 fish tr(:atin cits. irlmonii.w-ih d~ual po~nd nodIC the Luldcrv,1te 

conccotrit ions ina all of tHie re o ining tre~Lvient s were non--s igo innant. 

N itr1 ie. Vn] nes of iii(rile (INO.)c envaios':rje e l amnongl

l1 Appendilx). 1.1c ep)]IcaLieAonl jneaws in ectreanilment rej l. ieat.ions (TI'jc 8S , 

w UIi t he 11linin ira t al'd ro ax Nillurn-1 vZOLICSCdetC?]'(i ination ai- -J\,ell it- T'lAb] 21 , 

ito. rcuolvdcudin 1)l'TtlC(~'Ih hi<Aw,- mIen ilde ofldhI c(201(:ltrn Lioilw 

ill the pilddle wlvwl vwith licpond Ielmitand lo Wai - by' thu Ienddl wheel 

With dual pond, o\'erhead(I HerA,,LnderV,':t II ter V.' 11,1d under1.\ith 4100 

Water f ilLC1r NVi 201) ti '; t.F-cahnenIlCif a 

mfent5 at We ",pt~r c *.i . ernp.iswof 1 0- (TLble 2:*)cjnicatd~(11a 

bjoth l:I.!],d \Vf ~ ~nn::a J(J(u ilkci 'tic"Ilinc,nl. v,'"e llot (Iiicr(:cj. 

rI l t l ,1wBloth lje\:IPd w-:~I~au\e-reti I iey from- th pI~di 

11:.; fYic 

The '011' iIi siaaiVsi that munrns \'25Q:JhI., cr

w\wl(( treat inl h 111IUt. fIl tCovc Ilicad I L e 72211 (Il. 

(ojI'&hJkti Numad2 

uhit'A oti ;1nii'i jald0NjCUD(:11rc0latcdc v.~tli l~i wth llijiritc. id 

anld *0. 638 , r'' i &iv Iy. 

SI)1WeI)]~sai i rhVi3It ] i y\' Ili2 ))ic'fd2C. jiono i. o' 

I c n1
Co'it o l 1l;,, 

n ' o ij~are1( I.OI ao\:inC i~i',ltnCd a'vtiu.-~r 



TABLE 21 

NITRITE CON.CENTRATIONSC 
VALUE.S TN PARh\HE 

pp ITTH "ND ,T- ,,
" FOR "ACH TREAT 

....... 
TT 

L.-., , .. 

~ 

a 

. 

u->c, i 

u d 

f. 

-.. 

O-e rd filter 

dual po "d 

po. 

8/7 .. O.? 07 . 7.C 0-7. 0 0) 

0 

S1".0 i,_J 
0 C, . 0 1
",, 

9.2 S io 
., ) 

0 . 00 
0' 

0. 0'-
0 0 G-2. 4)0 

J1.70.5~0-1. 9 0) 
C-.C)' -0.0 2 0) 

0. 0 0-10-0. 546 
0. 0'O00-1-0.0-15) 

.. 

0. 260. 0 -0. 777) 
1. 092 (0. 7190-2. 3 20) 
1 01 (C.".3 180) 

. 

/25 

o,'0 

.. ,, c o f 

00,I-..O0-0 

/ . 0 . 

i-.: , -" 

_:z, 
0._,. 

. '.5-0. 0-'O 

0i5-0. 0v.) 

0. 0(0_ 

0. 0,0 
0l2 

. :7 :: 

20-0 . 0) 0.50O .,210-0. 7 0) 

02(00.0210--200. 02 ) 
0. C2.. 

1.2(
02nO

.9 ( .'7 - .1 0 



TABLE 22 

T...ATT D©R, LCE-: A'.CTAS OF NITRITE CONCENTRATIONS 

.. .cter,...r Paclc w,:ei P-ddle. hoel Overhead filcer 
''<',:(f. "0: "'p (.¢, " -

O37Z] ..0 :, . 0217 65 1. 532-0 0. 87 68 
0. 1 0. 00C ) iCs 0 5K1,-

.... 0 .... 52. • 1:3.27023 O. 5833 

- 0.,.013 0. 0217 1. 15 1.527 0. Oo1. 

........i:lcd... ir .r m a co t;ntons ; r,-cr2u til S C-,.. " _o. 5. -i .2,
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Yields, conver'sion, and mo-vivll 

)ns iLad L ffr 

105 days beansoc of sLress factor. Eight rup]iat ions or the five Irealm cnt; 

were conit inoued for 137 (] water iw -,o low 

Some or all rep] ica!8il in ('Ich trenitmcnit to be discontirmed t 

ars or Uni.i ternpe raforo, dl'Opp(1 hiwl 

the fish (lid not res)ond t(daily feedlo .. yield 1e corn-1reAnMn itt. 

tbal. ocurreti utI t.llpared because r r;'tilr ieineiorta]it:y ill . olne Irat., . 

(y'\' vaeh On. OfL, )ut. n'iil ,e'hepotent i:!lImuYluci it V of c, can l)e seO by_ C ". 

the resul,< L n, ino-ividlWi il ication vii,hin tIie c.ie ('l'W 2:5). 

Ui~eiu'\vw l rilcr ''i ,IOf) fih, ''wo re-i , of this trc'a.lrc'rntTLwio-

,t eri ) of 'i9. of i .h (7.W . 2 to 85. 

end of 99 fed nlg (inyf; . 'I vern., w:i s (K. 351kWiVh I 

pl'odUCed i11at-iT.<u Q i i 8 1lf.ho 1) m1.the 

'I, Wi't,a"i ]) (l . LTk.1 

sion ratio of I :,. s, 'n ' iv .'iv in e,: ' ons , .'iie sur\'i'"I th wo efl.i 01, \ 1, 

Uider,'wotor Ifilltur ',vi.li 200 fis;h. Ari avera.-e of 1)5 p(. L'.('Iit of the f.A 

'('l iV.i - iill iO'm , :y:; .in all birmi rStii'V\Civo i U1 lli< (I't 11f d 'l'hT 

,vu"... e,,I Crop 81. 5 l.Is (6G. '; to 1 i .7) a n 1i'oc t lII ill:, 6-1:i , ,'h 

of 78. 5 11 jw oont eors,.on ,.:Ill. 2.'IJo ne.1 ratio 1 

The to u;Ii*crw d.) trthiee:-; ,,,,,'' i-id ieni e.':t'' (m -icrhc 

' nutimiher of l ;n::t ' ndi-,('10i) jr,' e(dI:; 1, 11h 1ha11o.l:'cd. fan:i O ','1,' t.hii. 

y), .; ( 1 filof the 1) V'i ;\c:il'. 1 l pio Is u'I I ,a ;Ia i,t ] ()ol' ]I,,, 

)((1 g:i in ai mI, i pe l iii the inie.'"",!:: 

fi 1 or p!iirl','n H, '',<i l'm-io jet. ine .;o r:lim (.it Ife ' 1 

and a net ii II.:; wa. ~d.: " ti' i t:.i ., .,. 

H f Ihl:nlrih:tl I-of ,_, ia I ,ui.I Juo 

tlhis. po".rioJ], Ihe x,',tivren:i lord CIC J, (CLu to th]'e e, at. i(':'rfl!iC O C':cL ! 
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The objective of the 1973 series was 
to produce harvestablo fish from 

fi gMlings over a six-month growing season, The tro:tf.miens of thm1.972 

series which showed satisaet.ory performance \Vo)CIOrOnt s d for further 

study. ''he control circulation tr;at-ment was elimininatecdl Each ti'eatient 

in the 1.973 series was stoelcd with either 200 or 400 fi.nneolings pop repPen

tion. 0hefish were fed seven days a neek fom 5 to :, p,: cent of te)body
 

weight,
 

The effects of water 
cireulation and ae'ation with rc.,u:d to J1ort'talhyq, 

water qu1ality, and fis;h predution are sutmininrizdo as fovlo,',: 

1. Mortality 

-l,.:x~cn - ,e Iii.;1, in aliti ,,(; occu.red in sei; e repl.i.ca Iionl' of all t rcr t

ments xccep ,] tll. lio11h'r! w'Oel . treatmn dtlrjij, 1972 ,,,, ., IY jta;jIiy 

WnS cauSed by (0. 11,'deletion cii it 1 hi'h Comi'.l rIt iOn!f:i.,ociaSS V, MCa.jI 

dioxide. 

)urin,< 11e 1.!173 seics, e.tunive mno:taliti en occ(u.dIM all .pi.

cations of the l.,:tddlu wheel. m ]io'V chc!d Ii ,.' t.'J i :"l:o1111 (1;,) s;C) o 

replications (o [Ituh lt(;e.t:ci f''eo fill e a.t -. V"O ;:\fort "liier 

sinlficantly corie'ctd V.t n low di ssolved (),V,' :, 1 i, li-I0 .:niJO! 

dioxide, and [o ex1,(at .I . ec u"u'isone .(, Icence 0 5.lI. 

2. NWaltc!] uuLal*tv 

a. 1)l< sol vcd ox< en. ]}llcir tiieiD12 ser n o ' e, W, 

men t and the .ode ",aI or rael. I'i erreat.llAni v.';a -elaa.o ac.lal0.on, '.0(:; 

http:ac.lal0.on
http:repl.i.ca


1.02
 

size of the aerntinl- linit became a 1jmililgr factor for the ovorhoad filter "Ind 

control circuint ion trcafmtin inindclquan 1Dur' h cs restinIll w,-,AoaLn. 

1972 scoios, noraf ion inl all treatments wvas cIcequnte. 

1). TI'l)CMIU..! Duriq bo0th years", wit or fu~ ilporn tire v"as ig

ficarlifly ]owero inl the p1addoI e h cd trea fm110Iii-;, follov.ed hy the1 or]vid fii Ir. 

with 1flifjdraL iiful. frca tmcnflls ]ia.'in ' 11iIii:.hea vaile. 

C.]i5 CI\'aloygenei 2'ip o L 1a! neC) 0mi .iu11 1)0111 

year~]s, the uiidouei.'ri liLA!? hatCtfl(i(ho colirnilpf m of'~d ca: 

1)s -(nkon. No '.C irdlfoisiomd was found behmtWc(Yi, tlicOpfdl x81110hcua-il 

ovorh end Ri f-e a~ fi\in ran,:,d fromi .1 to S3ltic f;.V]u~i allat o. 12. 

mg'/l/21-hr mid Uonm 'i, 0 Uo 12. 1rnA/24--in iin 1he 1!)72 ,11md 1")7: 

("I. C Ie imcsa1. I w 2leCr. Ailu. h~oth\ s ei irwlt ile'I"( I 

meInUA had fLe Clcieat.k va fotr. No sign ii n t di Fnrelc Nvews- no i fct'.c tho 

d Navjlrhio !nci w C: il!l e I.. ai ni k 

0e. ]hl . V~a.1h-:; dk~ ., dItyoea r-: for ,:11 '~~.t:va.i: r ~6 . 1 

smoil1. ;;i~d (Jid )lof :1[!,!;! i*'i:l1 2V io 

SWo i7(S 0.ii~ Co(21II: In.2 17 jqim 

NUL- 0htit.(W%),X0ii nvvjo.icd mi.i0) (000 to 7. i5V0 p to 

L fctam s';tficaiitill 'm, n n f :o'ad atI j.;i;atunc"tIa .iii-1 

http:follov.ed
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affected morlityi. Chronic raorLalities Nvere attributecd to both iltjlite and
 

ammonia.
 

I. Carbon dioxide . CoH-ccVILJvaiis iungod Crom 6. 0 to 29. 0 :u Jdim 

0. 0 to 23. 0 plan for the 3972 nnd .97:3 oxpcorilment1s, roe.peetivol y.11g 

coneceAntion of ca rhoi crde i were 8 :soc lUod v'ih MotA)i in~ bo)t~h 

i. T'J1:tl a H: iitIy . Va luo.; r fnrudi>'10. 0) l) 172. 0 in Lom 21, G 

tO 178. 0 1"t/I as C(O; for the hwo x)Oimn:. or'gLa .d fuctc 

wans obsurvedtlmoig tret Iinents ill eil l: r tios. 

T A~i. (1i \a1 

fro :33 1-2 ,s ru w~ ]I: t vIo 

j.091 'md ftiltena-. m 25 I o I :16 and1( 

to / caw Loo J:os t 

N'O signi lic :ni! Torurt ccI)L foui l02 v F lb ci.':uriua Vt aI;or o 

for c:alium ratyl ISt to UG6 asilath~tiess trd 1 n;;/. CaCO1 . No gi)at 

differenc roaulr.1 :tin 0:0; ( mro ti . 

from 1.i,' 2 to 144'lbs ym'tlt a nk gaN~ or 30, 2 to dii. !I1s No V i1ah 

\PmflS o rurb 'Ii nv'in.yiod w.1 p t w left0 Yew: Wy 2 or'::Jmv s:* a oof\~tto( 

170~ 

ycar. .hchpo~tuJ i I.~yj,(!R1~haubI a.d e(Vtvera n 

eryi) u.fr~~ ;T~md n~:nvL ly i 70) On: i mn rowf(;dion '~~i: b is 
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tn 1i i.t ig'C'e 

stlidinr,' crop fi) (\',' rplica.ioi 01, 11 ( lVV'lo7 'a.. lc IJcn1[ime-t. 

withi 400 fish wa),s 79. 8 IS~ (74. 2 to 15) w"i hI :1 inoir v oF. 'I 1L T'] 

Dot convulm on rna i wo s 02. 8 and thu avaray; u vi val iv 94 . pci cont. 

Tho]* t rcmimulCl N0wi 20(0 fi.sh proi)LICC--d 111 .. 'p Of 8"1". -- 15s 

than the paddli ee frcatmnen t . I nii dycnvr awm 

(136.7 Wc101. 7/) \v11h n W' yK?~ o1f 7 U. 5 To; 'I'a! muig s0m':i1 wan. 9V 

por co1)1 an(d I'lhe l)0 n0fl\' i':oi i .1:? 2.IcL rnt.B 

Th'u o\n-oVaY I 31fYV1iilC .0 ta ~ 1Ii~d : ie1f Cro(-1,, 124"] 

Jim and a ne t. ""Alof 8 1 lbs ill n o rup] ca, 'cn dt 4 11 fi inrt yea:r. 'I'hoi 
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