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ABSTH:\I '']' 

Diana, .J.S" I\ohll'r. S,L. aIld Ottey, D.I{" 1988, A yield model for walking catfish production in 
aqllaclIltllrl' s~'stl'ms, AlfUucullurl', 71: 2:;-:1:;, 

,.\ yield moriel for ('{arias cllltllrt, was prodlll'pd lI;.;ing a comhination of lahoratory data for Clar, 
ius lazera and fiell: data on ('{arias hatr(H'hus l'Uitllrl' in Thailand, The model was used for simu· 
lation;.; t(; fulfil thn·(, distill!'! objl'ctin's: II) to l'OINllidatl' knowledge of l'ish physiology and 
aqll:tclIiturp pral'1 ices fllr ('larias into a mlldl·1 which can Ill' validatl'd: (2) to detprmine sensitivity 
of prl·dictions to variation ill model paranlL'tl'fs: anc! (:1) til pn·dict ,vil'ld (If ('/arias ponds under 
difTl'n,nt stocking density', ,iz(' at stllcking, anrt '\'Pl' of contilinllll'nt. The accuracy of this model 
was t('sll·d wilh an indt·pl·mlent data;.;e\ of :32 grtlw,ollllll'riocis, The model was relatively poor at 
predict ing ~'ield when tIlt' Illeasllrf'd fel·diIH; ratl' wa~ input (r" = 1l.()~2), but reastll1ubly ~ood at 
prpdictin~ yield if ll1a~imum fpl·ding rate was input (r" = (J,fi2), This may reflect poor data collec· 
tion of feeding ratl' in tb,' ponds, Sl'nsili\'ity analy,.; ... ~ indicated that changes in paranlPters related 
to maximum con,-unlllt illn sh()\\'(·d hibh import an' ., in predic t ing ~'i{'ld, while changes in metabolic 
parameters had IIIW importance, A doubling of feeding rate inl'rl'ased yield fi,18"" in earthen ponds 
und ·IG;j'.; in concret (' tanks, Densit y stocked was of secondary import ance in increasing simulated 
yield, while sizl' at ,tocking was relatively Ilnimportalll, Tlw maximum consumption rate of dif· 
ferent food typps I pl'lll't s, trash fish) was also ext remel)' important in determining simulated yield, 

INTRODUCTION 

The walking catfishe~.;, Clarias batrachus and C, macruceplwlus, are very pop­
ular species for aquaculture in Southeast Asia and East Africa (Bardach et aI., 
1972), This popularity stems from several characteristics of the fish, which 
include the ability to tolerate anoxia, wide-ranging food habits, and extremely 
high yields, Yields up to 97 000 kg ha - t yr - t, reported by Bardach et al. (1972), 
were the highest for standing water systems aod [lmong the highest for any 
culture technique, The unique combination of' biological characteristics leads 
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to very high producti(ln with re!ati\'ply unsopllisticated pond management. 
CLarias culture' is (>con()l11icall~' impnrLint in Thailalld, wit!l allnual yields near 
:20000 Illet riC tons (FAO, E)i,tl), COlll1l10n cult ure techniqllPs in Thniland in­
clude stocking fish i 'leart hen ponds u,.;ing pellets or t nlsh fish as f(lod, and lise 
of ('oneret p ret' irclilat in~; tanks \\' it h ]ll'l!et s (LJiilna l't a!., 1\!S;-) ), A\'erage growt h 
and mortalit~, nfl' nll:L!1 hetter ir. l'(Jlll'rete tallks (;j"; h()d~' weight ]wr day and 
(),l~'i/d) thall ineart I'ell pond:.; (:l; 1m Id and O,S9'; lei) (Tarnchalallukit et 
aL, l~JR:l; Diuna P'l aL. 191-\;) l. \'ariations in sUf\'i,'allll't\\'l'!'('l pOllds or tanh are 
believed to Ill' elm' to ditll'renl'es in walpr qualit~, (Tnrnclwlanukit et aI., 1 ~)R:l), 
It' t his is true then eart hen pond l'ltl t lII'e could nls() produce Iriglll'r yiel(b: by 
illlproving wat,'r quality through !;ettpl' pond IllHlwg('lllent. 

\Ve currentl~' ,Ht' unable to l'stimatp tIl(' pmxlIllal factors causing differences 
in yield hetween the two cuhllr( techlliques, The purpoS2 of this ]HIller is to 
develop a ~:ield model for ('Iurius culture. utilizing basic energetic data to pre­
dict individuitl growth. anc! wat!'r qunlit~, data to {'stim<lte mortalit,\', There are 
three distinct objectives to this w()rk, The first is to consolidated our knowl­
edge of fish physiolog,\' and ;lqu:lcult ure pract ices for ('Iaria:; int 0 a lllodel \':hich 
can be \',didatpd: t I- 2 :.;pc()nd is 10 determilll' the sensit ivit,v of t he model If: 

variations in tlrl' lllodl'l P<lI';ll1H.'ters. and the third is to predict yield ofClarias 
ponds llndC'l' different :,tocking densit~" size at stocking, and type of 
cuntainment, 

:\IOIJEI.IWS(,IOI'TI():\ :\;;[) IJE\'ELOI';\IEl\T 

Information on CIa ria:; energetics is rather limited, The best information 
comes fwm the \'arinus studies of Hogendoorn (1980,198:3; Hoge!1doorn et aI., 
1981, l~)P,:l) on C, la2era. and we have used these data in our energetics sub­
model. Specific parameters and equations for the ('Iarias energetics submodel 
follow the forms ut ilized h~' Kitchell et aI. (1977) and are referenced to the 
balanced energy equ1!t ion (Webb, H)78): 

(1) 

where all variables are in kcal/da~' and (i(; =growth rate, (ll<=daily ration con­
sumed. (1:-'1 = rout inl' llletabolic rate, (~F= fecal loss, Q~, = nitrogen excretion 
costs, (~Sl ),\ = apparen t speci fie llynamic act iOIl. 

For walking catfish, we have estimated respiration as routine metabolic rate 
(Q"I) since the respirometers commonly used allow T.10Vell1ent of the fish be­
tween an air surface and the water, and therefore swimming speed is uncon­
trolled (see Hogendoorn et al., 1981). We assume that routine activity in the 
respirometer and nature are similar. In addition, we assume no reproduction 
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occurs in culture. Thus the model may be inaccurate once fish rehch a size at 
which they mature and spawn. which is ahout HiD g for C{arias. 

Routine llwtaholism (/~!) was calculated as: 

(2) 

(Hogendoorn.l!J:-tl) \\'twre (r,!= kc'al/day and H/=wetbodyweight (g).Max­
imum dail~' ratiun (I!(nwx) \\"as cOllsidered: 

(Tarnchaianukit pt aI., I~JS:l;, where' (~Hmax=maximum kcal/day consumed 
(for pelleted feed l. This set nn upper limit for ration, and daily ration con­
sumed (C/Ii' an input \'ariahle) was compared to this to detrrmine actual daily 
ration, (~Ii wns reclucvcltn (~lim::x when (/Ii:> (/lillWX, 

Excf(~ti()n (i:,) and fpcalloss (It:) WPfl' COilS ide red functions of (~H (O,O:l 
anclO,:.!G, resp('('ti\'P]~') (ilogen(!oorll. IDS:l), Spvcific d~'IHlmic action ((!SIL\) 

was calcuiated as (Hogl'IHlo()rIl, 1 m~:l): 

( 1 (()')I\I'-"~";)() 
YS1>A = ,-' t ¥H (4) 

Initial fish hiomass and k"tling r:lt(' \\'pre input to the model. which then 
suhtracted C'nerg,\' use (C{\1 -I- (h + (d:, + <lSI> \ ) from daj]~' ration (iii) to deter­
mine daily growth ((I,;), (;rowth was addE'd to initial weight to calculate final 
weight each day, Thl' t illll' step for this sllhm()(,l'1 was 1 day, 

The most diflicult f(';l1 \If(' in til(' s\lIJllwdel was ('\,al\lat ing maximum con­
sumption (;l(IIWX) tor fish \lllclr·r dinr'rent dil·ts, As p('lkts or trash fish (com­
mon C{orins feeds) \'my in quality. mHxim\l1ll ('ons\lmpt ion also \'arips, For 
example, sat iat ion of ('{w'ins wit h Iwllets measured h,\' Hogl'ndool'!l ( lD8;~) and 
Tarnchalanukit ('t al. ( 198:1) differed considernbl~' for two types of pellet. Both 
prohably diner from maximum conslIlllpt ion of t rash fish. We used t he data of 
Tal'llchalanukit ('t ,t!, ( 19S:{) for maximum consumpt ion of pellets commonly 
used in Thailand (:.!..I kcal/g) and then made two extrnpolations for trash fish 
(assumed t() 1)(, I l:cal/g wet weight), l\.lodels run with maximum trash fish 
consumpt ion equalling pellets in cilllJries wuuld yield ident ica: \"llues to run; 
\Vi t h pe lIet s. \\' e also eva Ilia ted II1(' rn ng(' ()f p rodllet ion possi hie wi t h t rash fish 
feed by using maximum consumption in weight. 

An additional assumption was that all deiivered fp(,d was conslIllled when 
feed application rate was less than max' num consumption. Although some 
food may not he eaten, there are no availahle data to define the relationship 
between food type. feed application rate, and Iwrcentage of applied food ac­
tually consumed. This assumption causes estima~es of actual feed application 
rate to be low for a gi\'en growth rate, or will rpsult in overestimates of growth 
rate. 

Temperat.ure normally influences energetics considerably (Brett and Groves, 
1979). Data from Hogendoorn (1980, 1983) were for a temperature of 27 0 C. 
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Normal culture tempemtures for Clarias \'ary in Thailand from ~i) to ;3~· C. 
Therefore. \v(! were furred to aSSllme no telllperature elTects Oil till' energl'tic 
model wi thin t he range of t l'lIIperat ure:; speci ripe! aho\'f'. 

Wl7ler (II/ulity ,.;uhmlJrfd 

Water qllalit~,. as indic<ltl·d h~' diss()i\'l'd OXYf~l'll. \\';]S l11()clpit' el hy comparing 
oxygen (;(llISUII~pt ion (d' fish to ()x";~<,n addit ion. Total daily ()x~'gen consump­
tion (/0_) prr fish \\'iI~: calculntn! frolll (~\I (kl'al/da~') using <1n ox~'('al()rifi(' 

equivalent of :L~:~ kcal/mg 0" ('ollsllillecl (Hrafi(>ld and Solomon, l~JI:2). T()tal 
ongf'n l'onSlll11pt ion hy ('{urius ill('llHles USl' of elissol\'pd anel gaspous oxygen, 
a nil till' i m PI) rt aIlC(! (I f pa(' h h rl'a t hi IIf' lllPt hud \'<1 ries wi t h fJO~ of t lw \\'a t l'r. t) LI I' 
nl!;del uSf,'d elmd fr()IllJilrdan ( n)7(i} 10 detl'rlllitw t!le jlel'l'entage oj' tot;ti I','S­
pira1 i,)11 d('l'i\'l,d (rmll ','()J1SlIlIlpt i(lll (If dis:-;oJn·d ()x~';..:en. Ox~'gell aelelitiol1could 
11('('111' h.' primmy pl,()(!lll'ti()1l or ditlusilll\ inti) l'arthell ponds. Total dail." oxy­
gPlll'()lISUlllp1 inll fl()ll1 \\,iller \\'as c,dClII:lIed hy lIlllltipl,villg ({O~ hy tl1(' percent 
rC.'Spirat:()1l f'nlill tlll'\\'<11('f.llwn b~,theliJtal 'llllllllPf()fli,.;h (lI,nn input ,'aluel. 
OXYi!t'n ;1(lditiill1 :ll1d IIS(, 1)\, plan!\l(~11 alld hl'l1ti10S \\'(,I'e l11()(Il'Il'd \Ising Ho­
tllaire ,lIlel BIJ,,'d's ( J 97:1} I'l'lmiolls'lips (or ('h;:l!lwlcat fish p()llds (wit h s('cchi 
disk depth assullll'd t", \:{' ;')1) ('Ill). Ul1('l' p()llds Ilel'Hml' anoxi(', \\'(' assumed no 
,lddit j()nal primal',\' l'roducl ipn, 

Oxygen d~'nall~ics in J'('cin'\Ilaling tanks was modeled assuming that all ad­
dition was due \0 ('irculalion ()f Ill'\\' water at air saturation, and all consump­
tion wa.; dup to fish respiration as hdore. Primmy pl'odllction in tank waters. 
BOD III [l'l'il'culating \\'ater. and diel ox,,'gl'nl'~'('les in suppl~' \\'atel' [l'ser'.'(Jirs 
were ignored. These simplifying assul11]Jt ions \\'eI'P necessary sinl'l' there \\'pre 
no data on those [lafilll1pters for ('Inrias cult lire systems. 

\\"ater qualit~' deteriIJr:lt ion. as indicated h~'lo\\' dissolwd oXYi!en, was used 
to est i ma t l' mort a I i ty nJ t e fo r ('In rins in e:1ft Ill'n a nd co n(' rete ponds. In eart hen 
ponds <11 dis.;oln1d (lx,,';.;"n levels greater than 1 mg/l. daily mortality was con­
sidered const ant :11 0.89(; per day (Tarnchalanukit et nl.. 1 m-\:l l. For DO less 
than Img/1. m()rtalit~, ((; per clay) wHscalculatedas -o.1'\o:r; DO + l.G9IG. 
CIIl11parahl(, ,':tllIes used for concrete ponds were O.ll (; per clay when DO ex­
ceL'dec! 1. and fUlL)'; per clay when DO was less than l. Values calcuinted for 
hot h of I hes(' cult lire systems are similar to average empirical values (Diana et 
nl.. 191'\;)). \I()rtaJit~, rate was then multiplied lJ~' initial number of fish to cal­
culate i'ilwlllul11iJel' of fish each day. 

(h'l'rnli mlldd 

The lJ\'en~1l model simply integrated the two submodels. Input parameters 
were daily rat ion, stocking density, culture duration (days, [)) and individual 
weight at stocking. The energetics submodel was run to calculate daily individ-



util growth. The water quality model was run to cakulatp dissol\"('d ()X~·g(·11 

content and n~()rtality ratt'. TIll' total numl)('r (d' sUITi\'ing fish (II) was then 
calculated and lIs('d to estimate total biomass (/1 >< IV\. All illlJllt val lies pxrept 
ration wen' updated to nt'w It'vels for the following day, and tlw caicuiutions 
repeated for /J da~·s. 

:'IlOlJEL \':\l.Il ;Xl'I():\ 

.-\('('11/\1(\' (Jllalysis 

Accuracy of t Ill' nwdl'I's predict ions \\'l1S t('stc·d wit han indepelldent data set 
COllPl tl'(i h.v l\aSl~hart l·ni\'('rsity. fmm e,lrthen ponds in Thailand. These data 
\\'('re ~'nr :l:.~ grow-out lll'riods. wit h clIlt lIrt' ~'ondit ions varying from ;l:~ to Wi 
days. wit h I ~.,-l 1 ;-lti g init ial fish v.l'ights. and stocking d(:'nsit ',::-, of (ii) O()()­

~ll ()Ot) i'i"il/ha, Fl'l'd app!ic;qil)n rates. l'stimatl'd hy f'arnlPrs during the first 
and last \\'('vk ofthl' gT()\\'-llllt. \'ari(,d from O.:lX to I :.< satiation ration. These 
()\'('ralll'IIltlll'(' ('ondi:i(llh \\,('1'(' Il}u('h Illore \':Jriahle than typical Thai gruw­
()uts (iJi<IJl:ll't a!.. 1~)K;) I. and I'l'PI'l'Sl'llt rigorous Ipst cOIHliti(l:','i of ,;imulatiol1 
pl' rro fma Ill'(', rill' 0'1 h' (Ill t pll iii;) t a ;1\' a i I;! hit, \\'(' rl' OhSl' I'\'('d ~'ie 1<1 () f ('aril pond, 
alld t 11('';(' \\'('n' l'()lIlplll'('d t() prl'dictl'd \'il'ld". 

Thl' l'l'lat ionship l1('t W{,l'll lI('t lI1I1 and Pl'l'<il('t ('<I ~'il'lds was ('xt femely variable 
I Fig. 1 I, Thl' Illl'an pl~f('!.'11 t agl' l'l'mf t ! act 11:11- prf'rii('ll,d I X 100/ act ual yield) 
\\'as : l;-, .. -; , "alld tlwl'l' \\'a,; a Ilia,;. tl](Jllgh llot ,;ignifil'allt. toward underestima-

Fig. I. ({elat irll1ship b~t Wl'l'n predicted and lllP,. illrl·d Y'ields for ('[arias in earthen ponds. The line 
for a perfect relat ion"hip j, dotted, The regn','JJIl i~ y = O.I.'ix+ 1:110:l t r~ = ().O~~), Open circles 
signify the eight outliers mentioned in the tp:o.t. 
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tion ofnetuHI yield (meall differel1ce= - ~().H'·; t :17.:\1'; ). I\h'n~urpd ~'ield~; were 
generally llndere~1 imolted 111 high .\·idd~. whilp i Ill' prpdil'll'd alld 11ll'asurl,d ~'ields 
agn.'l·d well 111 low ~·;l'lds. 

Yielos for (,lghl "flh,· :l~ pOllds Wl,'n' !argl'I~' und"'rl'SlillWIl'd. HI'grl'ssi{)f) of 
feed dPplic1I1 iC:ll rOll P ilnd illil ial w('iglll 0)11 I Ill' cll'\'ial iOll hl'l \\'('('11 1l1l'aSllrl'd alld 
predict ed y'il'lds l'xplailll'd 7Ii"; of I lit, \'arialll'p in \'il'ld dp\'iat :on. I )ond nfl';' 
duration (lfl'lritllfl', pl'rn'llt lllorlalil\', and lllt';!SlIrl,d \'ield WPI'l' nol sigllifil'anl 
explmWlor\'\'ari:lhll'S, (lulliNsall \\'t'n'ill III\\' n'l)(,rll'd fl'l,ding ratl'~ (o.;)! 'f).!:\ 
(/!,IlWX, nll':tn" ~I) I, I\'hi('h ll!lrlll:dl\' \\,cndd Ill)! Ol'l'llr in l'Olllllll'lTiall'uiture 
whl're I Ill' go,!! i~ I'l gr()\\' fish quil'k!." I o\'l'rall a \'l'Wg<.' feeding raIl' was 
P.77 ·t~ 0.:'::1 (tulllax I, It is likl'h- I hal I hI' nH'ihUfl,d rat ion~ (which \\'prl' rl'J)()rted 
o;;l~' for Ill(' firsl nne! 1:1;'1 Wl'l'k:,; of n!ltun'l did Ilol ill'l'urall'ly l'Ptll'ct aClual 
rnt i~);;:' fed I hr!lllgh(Jlll I hI' c'llit I tn, pl'l'iod. 

Sl'llsil it'ily 1IIlIlIy",', 

Si mula t ion~ 1\ l'I'l' a Iso do nl' to l'~ I i llW It, I h t' ~(' Il~ iIi \' i I Y of n'~ul I~, 10 \'a ria t ions 
il11110del pal'allll'll'r~. HOlllilll'nlPlahcl/i(' rill I' (i.\1 I, appafl'nl ~pl'('ifil' d~'l1aJllic 
action «{"II,\ I, assilililal ion l'ffi('il'lll',\' I (h I, Ilil rogl'll 1':>'I'I'l't il)!, «I.,,), and 
1ll1lXilll,11ll food I'CIIl';lllllPI i()n I (h:llax 1 \\'~'n' \';Iril'q h~' . 10 1

'; of I Ill' parallll'tpr 
\'allll'~. ,,'arial jllllS ill )..':l'CI\\,\ h, \'i('ld, and I 111'1 illll' (ill \\1'1,1,,, 1 Whl'll 1 hI' oX~'gpn 
in pond,; fir,;1 dr()PPl'd 11('lc)\\ I Illg;'1 Wl'f(' lI11';hllfl,d lci a",.,I'';:-: ~l'n,;ili\·il.\'. \'mi-

TABU·: I 

\1()clt,1 ,,'11,1111 ill I" ll1;I1I~""" . III', I"r P.tLIIIII'I,'r' 1"1,,,1. :\11.11\"" Iq"ro,,J!lIIt' tllr",t;llidard runs 

wit h ·I·~ (i,h. :"d ,101 lihil 11111, .II .-,1111 111111 11" "'arlIWII' !lr '-,1,: 111 Li III I "III:nl't" I, and rlln for ~)() 
Il'tlIHTl'I'" lOr I ::11 I "arllll'1I I dal"-

EartllL'1I p"nd, 
(i" 

(i-I, \ 

Iii + 11-. 
(i"max 

('''llIT!.'tl' jlllllds 

I i\1 

(i'l> \ 

('I-Hi'. 
Q\Imilx 

Yil'ldlk~ Ioal"r 
lank I I 

:-1,1; 

.1.1; 
U,:l 

:2il.U 

." .. ·1 
6.:1 

1:2.!i 
:22.8 

Final 

wl'ight 
Ig ) 

·1.0 
4.1 

I:t:! 
28.4 

:1.7 
·1.:1 

1:2.5 
21l.:I 

:-'1 IIrt al it I' 
rail' I"; ) 

1).7 

0:2 
1.8 -,) 
1.-

".5 
5.7 
2.1 
8.7 

DO 
dl'pll'til,n 

.1.;) 

-l.S 
U.I 

-l0.9 

16.7 
16.7 
:!5.0 
16.7 



alinns \\'l'rll lI11',IS\I!'t,d a:-' Jlt'I'\'l'llt,H,!l' ('h,lllgl':-' ( ! lillal- illil iain'sillt i >: l(HI/ini­

tial n's\lIt I, and ,:\'('I'<lgl':- l,j , 1(1', ",trial illih \\'('n' I'(>JlI)rtl,d, 

Thl' IWHIt'1 \\<1,.. Illlt p;ll'til"i1arh -I'll,~ili\t, II) 1l11'LdHdil' ('1'lllpIJlll'nt,..,I"ll was 

\'l'ry sl'Il,:-iti\I' II. Ill;IXilllllllll"'Il-lllliPII'JlI I'/';dd" I ,,:\ III', l'h'lllg!' ill (/1,1I1:1X 

ga\'l' a ~(I :\:,., I'h;lllgl' ill \'il,ld, ~Ii ~,-,', I'liallgl' ill gl'l.\\t!l, ,md ~ .~', l'11ll11gt> ill 

Ilwrtalit\, I'a"', l\llIltil1t' Illt'Ldlltlil' rll'" :Illd:-j>l·t'ilil' (kllllillil' lll'lillll alll'l'Ii'd 

~'il'ld Illllt'li It--" ",hilt- I':':V:-t i' III llild l'xnl't iOIl 1';111':- h,ld illl1'l'lllt,dia!I' dl'l'l't:-;, 

TIll'S\' ,llld 1',ll'lil'l' ,11l;lh':-I':- illdil',1lt' t h;11 fl,('dillg ;111..1 It'I'1.! lit ilii'.al iOll ,]fl' \'('!"~' 

ill pI;rLIIlI ill Lllldt'lillg \wld l,j ('/(//'1(/", 

Sil11l1ialil'll:- I)i' ;ll'lllall'IIIII1(,(' :-'\'';1 (,illS an' l'Ol11p!t>x d\l(' 10 I Ill' rt'lati(lnship 

bel \\'('('1' i't'I'dill:~,gI'I .\\1 h. alld (,IIIlIl'ld IIi' r;lt il)Il, :-;l1Iall li,;h 1',111 ('dl a \'I'r\' large 

ratioll 1111l;tjll'I'I'I'llll"t!\\\'l'ighl 1 n.; i,.. I l'l'i:tli\t'llIlargl'rli"h (Hrt'lt ,llld(;rm'l's, 

l~I~~/ I, I II "dillC', 1'.'1 ;1111 ,II a i'i'.:(,d pt'n'I'1l1 IHld\' "\'('ighl 1111!1i,rt':,1 illl;III'~ I'l'i.'ding 

Plitl'Il1 iill. !\I'I'jJillg 1';111 1 1l1;1t :1 lixl,d \\('ighl 1'I'''1I11'' ill ('il ill'l' 1I\I'I'I,,(,dillg ,II "l1Iall 

,;ii'.(' I>; 1IIId('I'II'I,dillg <II l:tl'gl' :-ilt', \\'" ,h,,:-,' il) 1'1)1111'111 1"11 ;"11 h\' Il:,illg ad-lilli· 

Ilim ,lllIll ~ ;l!lllhillllll Llli,lll:- ;1,1' ;111 "Ilill\:-I',.., ;1.- I hi,.. IlllI!'t,lil;t,h J't'pn'';I'llt" 

I'l,('d ajJjJllt';illllll P;lllt'r'l1" II:'t''! h\ l'IIirlll'i-l:-

('IJIllpal';li i\'I' -1111111:11;1 Ill:- \\','1'1' till/II' ( II li-h ill 1';11'1 h"ll pond,.. I,.r I ~I) da~ s, 

al cll'll,..ilit,:- "I :...',-,11111\11, '-,(11111)1), lillill 111111, ,lilt! ~ 11111) (1111) pt'l' h;t, IIII' '-hll :-'111('ked 

at 1:,;-), I,ll, :':,11,1.11, :llld ,-;,11 ~:, II' I'X;iillillt' dill,'I'I'11I I',.. hl'I\','t','1l \,ll'illll~ plilld 

mallagt'Il11'1l1 ,,]11 1 Ill:-, ~,iIJIlJi;tt il '11.:- 1,)1' ";,1'1 hl'll J"H)d ,1I11 IIrt' w{'n' rlill ",il h h()t I; 
lra,;h (i~" ;llllllwlll,lt'd 1"1'11. ('''1)('1'1'11' Llllk ,.;illllr\atilill,.. Wl'n' si!llilar tlllho,;,' 

I"Jr (,;Irt hl'l) ji"llI\:-. "\I'I'jll ollh IlI,III'I,:- \\'('1'1' lI,..t,d, I'Ullllrt' dllral 1"11 \\'as ~HI da~'s, 

,1Il(! ,,1111'1;111,," .iI'II:-illl'" \\t'rt' :~:,IIII, '-,11111/ til' I{IIIIII) li,..h IH'I' 1:-"111 lallk,InplIl 

\':tllll''': \\1'1'" ,,1,1 I" Ililllli(' Iltl[,Ill;r\ ~'·Jilljrt' "IH'ral ill/l,.. (Srisllw;I1l1 at'll ('I aI., 1 !/S l; 
('lIlll1illi 1'1 ;I! , I !I,-,~: T:II'Ill'lI,tbllllkil 1'1 ;11 .. 1 ~l.~;): I Jialla PI aI., 1 !l.,);-) I, Outpul 

\'alll"s ('\,r\u;'ll,d \11'1'1' tl:-h g!'lI\\'lh, 1111I)'1,:lil\, ,~I'II"''' \'i('ld, <11](1 lilll\, I ill \\'I'ek,;) 

1)(>(11[''' 11X\'gl'll' IllIII'li! ,,(tlll' \\';Ilt,[' hl'I';lllll,I"",.. thall 1 I1Ig/1. 

Yit'lt! illl';Il'1 Ilt'll Jitllld, \'ari"t! 1'111l"idl'r,IIJI\' in r('lalilill 10 I hI' illpul pammL'­

tl"['S lilir,itlld:-;,)('kill~ "i!(',I",'rlillg raIl', ;llld ';;IIl'killgdl'nsity (T;lhll>:2)' Using 

a ,;lalld;~l'd gr"\\'''lll dllr;n illllll! 1 '>,{) dil\',~, and asslIlllillg t \\'1) harn'sls per yeHr, 

IHeriil'tLd grll,,'" -"il'If!,.. \';Iril'd 11'1)111 Ill'ar i'.('!'I) III ;),1,1 ;-):-\,1 kg ha I,n I, 

('hall!.;!''; ill inj>lI! \al'i;ddl''; "Ili:rvd ~'il'ld slIhstanl i:l!I~', Thl' lllosl imp()rtant 

factor \\'.1"; I('('ding ratl'; ,\'i!'ld \\a,; ')11 a\'L'ra;';I' ;-)·I!J I'; .~. 1 !ll'; greater (x ~ SD Cor 

:2() paired :-;illlulalilJll";) "'hen fed ad-lihillllll than \\'hell fed 1/:2 ad-lihitum ra-
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TARLE:! 

Dl'llsit.\· 
(n/ha) 

~to"killg 

wl'ight 
(g) 

Olle' half ar\-lihittllll rat loll 
~")II il'lI) 11.;-) 

.J 

·1 
H 

500000 0.5 
1 

-t 
A 

1000000 0.5 
1 

·1 
8 

2000 1)00 0 .. 5 
1 

Ad-libitum rut ion 

.\ 

8 

250000 D.ii 

500 000 

1000 000 

2 000 OOJ 

1 
2 
-I 
8 
0.5 
1 
2 
-I 
8 
0.5 
1 
2 
-I 
8 
0.5 
1 
2 
4 
8 

Fill;t! 
\\'l·ight 
1 ~ 1 

I ~! 
.J-_. 
:r; 
[):\ 

7G 
19 
27 
:17 
;,:1 
7G 
19 
'r _I 

:17 
.'i:1 
7f) 
19 
,)-
_I 

:37 
5:1 
7G 

195 
2:30 
27·1 
:-1:12 
·109 
195 
2:lO 

::'7·' 
:1:12 
-109 
19.1 
2:lO 

27·' 
:3:32 
-109 
195 
2:lO 
27·1 
:-132 
-109 

Ttlta! 
hitlllla" 
I k.!.!!hill 

Ili~,~, 

:.':;1)'" 
:;:.'11 
·1;,:.'1; 
li·I!!:! 
:1:\111 
\till; 

I i I :c ~ I 
~III:):! 

I:! ~!S;, 
lili:.'11 
!I:.':I·' 

I:! ,~;,7 
Pi 1111 
:.';, !Hi!1 
I : 1 ~~III 
I H ·lii;, 
:.'fi li!!7 
:1:1 :.'·11 
:l:l 771 

Hi 7:1:! 
197:1:1 
:!:I ;ill!) 

:2H ·1·I:l 
:I.'i 10:1 
:1:1·lii9 
:I!) 11·15 
.,;, :2.11) 

:;22·1!1 
fiS 7·11 
;,57Sli 
fi2 !!2:! 
71 :1·lIi 
HI ;,7:1 

9·' :!G7 
%7:12 

109 :lbJ 
12·\ H78 
1:19 fi8:1 
17229:l 

.\I()rtalil.\· 

f ;;~). ~. 

t;,:",:; 
ti;).~ 

,'" --);).1 

li;,.-; 
Ii;) .,. 
fl,:",. ~. 
,i;),/ 

li;,"'-
nr,.-:-
ti;L'j' 

11;), "7 

tj;), 7 
I),-L /' 

f);1.7 
I;;}:I~ 

(i;), ~. 

li;;.7 
Ii.".;) 
7,.(; 

fiii.1 
li;-'.7 
(iii 7 
n;,.7 
Ii:,:; 
G;i.7 
lili.1I 
Cli.!) 
liSA 
71.:1 

71.·' 
72.£) 
7:1.9 
75.·' 
,G.!) 
7;;.:! 
7G.2 
77.2 
78.9 
78.9 

Ist wl'l'k 
IJ() '. I 

17 
8 

17 
15 
1:1 
11 
8 
9 
I) 

G 
-I 
2 
;j 

-I 
2 
2 
2 
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TAHLE ;\ 

Comparison of yield for Clnrio.'i when maximulll consumption oftra . .;h fish is equivalent to pellets 
in elle"v.y or ill weil-:ht. l'l'rc!'nt diffl'relu'l' -= IOU X ( )'E",""' - )'\\ .. ,,,10' ) / )'\\,.,"10, 

.. _----_._- -----
Densit\" Initial Yil'ld (kl-:/ha) t .. ., 
(II/ha) Sill' ciiffl'rence 

(1-:) Ellerl-:Y \\'l'ight 
l'qlJivalcn!'l' ('((uiv,ll('lll'p 

25() 000 (Ui I(i 7:!::! 7li(i 208·1 
I IlI7:!:l 118:1 15G8 
2 :.!;. ;.!HJ 1792 1:12:1 
4 28 ·1·1:1 271·1 9·18 
8 :1;. Ill:.! ·llilf. 7·1;. 

500000 0.5 :l:I·I;'(1 I;.:!:l ~O8:1 

:191)·lf, .. ,\fiG 1550 
2 ·Hi 2·1/i :HiH:1 Ilfi:1 
4 ;'22·19 [j·I27 8G:l 
8 5S 7·11 d:110 Ii07 

1000000 0.5 5578G :\()Gfi 1720 
1 li2922 ·17:12 12:lO 
2 71 :1·1() 7IG(j 89G 
4 81 ;)7:1 II) 85;) 3.'il 
R !l., 21i7 \G (j20 .I(i? 

2000000 0.5 (Hi 7:12 (j I:l:~ 1·177 
lOY :lim ll·1(i8 11155 

2 12·' 878 1·1 :1:1:1 771 
4 I:W !ill:! 21709 54:1 
8 17:.! :.!!J:l :lO 71:1 .I(i I 

tions. Stocking density was next in importance, although at 1l10~;t a doubling 
in density could double yield. Due to densit~'-dependent mortality, a doubling 
in density resulted in an l-q('; ~~ H)I'; increase in yield. Size at stocking was least 
important in increasing yield: a doubling ()f size olll~' increased yield ~W·; :!: l;{(;;;. 

Oxygen reached levels below 1 mg/I in Ipss than half of the simulations for 
earthen p()nds. Oxygen lIsage was increased mainly by changes in feeding rate, 
followed by stocking densit~·, t hen size at stocking. 

Feeding with trash fish in earthen pond culture altC'red yield largely, de­
pending on maximulll feeding le\'els used. If feeding was assumed to be con­
trolled by weight eatPll, then lise of trash fish declined yield by 91 ('Cl (Table :3). 
Obviously, maximum foud intake as re1:1ted to food type is an extremely im­
portant factor in management of pond culture. 



3') , -
Recirculating pond simulations 

Simulations for rl'l'irculating ponds showed trends ~;omewhat similar to I hose 
for earl hell ponds (Tahle ·1). Doubling feeding rate reslIitl,d in nn average 

TABLE .j 

Simlllati'>ll J'l'sults f()r ('llnLTetl' tanks. with:J \ltl-da.\· gTO\\'-Ollt IlI'ri()d and }ll'lll'll'd feed 
-------
Densit~· Stocking Final Tfdal f' 1st \\'l'ek f' 
(II/hal \\'l·ight \\'llight ili{llll:Jss ;\I(lrtalil~' nO<1 

( ~~ j (g) I kg/tank I 
-------------------------

One half ad-lihil'll11 rat ion 
:!fitlt) Ii.;. \J.S :!:!.:l H.;, 

I·U; :1:L I \1.;, 
:! :! I.E ·IS.H !J.;-) 

·1 : l:.~. I -.) ~ 
1_. { !J.[') 

8 ·IS.fi I ](J.O 9.il 

5000 D .. ) 9.S ·1·1.(; !J.:) 
1-1.6 ')().:) !).;i 

2 21.G ~)7.8 n .. ') 
4 :12.1 1·lil.il !J.f) 
8 -18.6 :!()·UJ IIi.7 II 

10 000 0.5 !J.S 89.2 !).;) 

1 l·!.!) l:ll.O ](J.fJ 1:3 
2 2Ui liti.!J 18.1 10 
4 :12.1 2·10.:\ :!il.:! 6 
8 48.G :127.8 :I:!.il :1 

Ad-libitum ration 
2liOO 0.5 85.9 1:);Lil !'.U 12 

1 lOG.O 2:IS.·1 10.11 11 
2 1:12.2 ·~9(i.D 10.1 10 
4 W7.f, ;r7;).:~ 10.:1 9 
8 21G.7 ·181i.·j IO..! 7 

5000 0.5 8il.9 :I·I:LI 20. ! S 
IOG.n ·1O!Ui 22.7 7 

2 1:12.:! ·1 !l.I,;, 2il.2 6 
4 IG7.;i (i I il.;, :?G.f) 6 
8 21G.7 7tiil.O 2!).·1 :l 

10 000 0.1i Sf).!) (iIG.I 2tU 5 
1 I ()(j.O ., .1O.li :lO.1 ·1 
2 1:12.2 H!J:l.:! :12..1 3 
.\ IG7.5 IOHG.!l :35.1 3 
8 2l!i.7 I:Hi:LG :17.0 



4G5~:(,::: Hoi:';, inl'fl'a,.;e in ~'ield, Douhling Ii:.;h d('nsit y' incl'pased yield ~ I P; ± I·~S';, 
while inCl'l'Dsing size at st{)cKing- iilCf('a~;l'd .\'ield ;;·I(';~: I HC

;, 

Surprisingly, rccirculating t,lI1ks rpal'lH'd low o.\y'gl'n Il'wls in (ii('; (If the 
sil1lulat iOllS, i ndicat i ng lo\,,'(,!' :.;i milia! l'd watl' r q\la~ i t y in t hl',';l' Sy'st ellls t han in 
l',\l,thpn p()nds, :\~~<lill. till' sensit i\'ity (l(' oxygen concellt rat ion was Sil!lilar to 
tl1<1t of y'ield, wit i~ kl'd ;tppli:'at ion rat(', d('n:.;it y', ,lI1d size hm ing dl'creasing 
i III po rt a nel'. 

Thl' most pl'rtil1l'llt ',Il.ICO!.!" of the lIl{)del is that factor:.; incre,lsing food 
consumptloll lId\!' til(' most signi(icaJll'C to ilH'rea3ing production, Overfeeding 
m<ly' illlPro\'(' growt h. Inl1 abll resllits in food dl'cny and delTl'aSl'd wnter (jwtl­
it,\', incllldillg ilH'l'l'ased hal'tl'riallt'\'l'ls 1('(l!nwn pt al. I~)~~l. Tlwsl' factors 
\\'en' l10t incilldl'd ill 0111' nwdel. ~l'\'('It Iwll'''s, fnct(lrs alTect il1g ratl' of food 
C(IIl~iUl1ljJtion as ',11 <lS assill1ilatiolll'lTil.'il'I1l'~'. arl' \'ery important in prcdil'!­
ing ~rowth and ld, 'Cltl're 1'l'lllilins a \'('ry' brgp dd'icien('~' ill oLlr knowll'dge 
ofj'el,ding ratl's, (Illl\l'rsioll ~Ilicicllcips. and I1lltl'itiu!wl rl'ljuin'nll'nts for ('{ar­

[(IS ,ll1d nWlly' Ilt Ill'r cult urer! t mpiL'al fi;-,hes ( 'olt, I H.'ti; Yamada. I ~l~;-l l, 
T\\'o bioiogic(li factors l)J'dhahly' Iwd a major l'ffect oil \'ariabilit y' in ,Ict unl 

\'S, predicted yic,ld:.;: II ) out hrl'ak <,j'disl'<Isl' in ll,:~ur',d sy'stC'ms, and (~l c1wllges 
in ('{arias gl'()\\'l h aft('f Illaturat ion, I )isc',;s(! outLreaks would result in \,l'ry' low 
or ';ariahle sllf\'i\'al and dras! il':til,\' ,1I1'(,(,t pond culturl' Pl'<lctiCl'S (Panay'otou 
pt :11 .. I !)S~), Uur "i:lluiat i(Jn J'l'sttlts indicatl' intl'rlllediatp survival in all ponds, 
and thus lIndprl':.;t imate cnangp..; in y'ipld for an\' cullurp comhinat ion due to 
diseasc', HO\\'l'\'l'r. t 11l' OL'CUfl'el1l't' and l'xknt ()f disl'asl' out hrenks and mortal­
ity (,Hnnot ('urrentl.\' h(' pn,dicted (BrocK. IDS;,)), Our modeling also assumes 
that ('{urills :-;fI!\\'t h conI inul's at a l'onstant ratl' thr~Hlghout adulthood, wh:le 
in realit,\ growt h pr(Jhahly declinp:.; in maturl' fish dul' to energy usp for gonad 
growth. alth,Jugh Ihis decline in growth is l~ot wl'll do('ull1l'ntf.'d for ('{arias 

(Hogendoofl1 l't al .. Im:;;l l, 
As in an~' ll1ilthl'matical modd. Silllplir,ving assumptions harl to hl' made. 

Prohahly·thl' lllost ulll'!:plistic feature of til(' model is its determinism, All fish 
arp predicted tll g['()\\' at the same rate. and no probahilistic processes, such as 
disl'a~e or weather \'ari,llions, \\'er(' included, Thus, model y'ields were always 
ident ical undl'r ;1ll\' gin'n ('(;tllhinat ion of variahles, Pond yields vary tremen­
dously undl'r ..;illlilar management practicC'..; in nature, and reasons for this 
variahilitv arl' lllH'lpc;r ( Lannan 2t aL, 19RPi), Errors in yield estimat ion in the 
present sturk c()uld be related to natural vnriations in mortality mil', due to 
management pract icC's, Fig. I indicates that t he largest excursions from pre­
dicted yields occurred at high standing crops, \\here natural systems are most. 
stressed and sporadic mortalities due to poor water quality most libly. Under 
these conditions, yields measured were orten much greater than those pre-



dicted, apparent!.\' in the absence of Inrge murtalities. While accounting for 
mortality variatiulls might improve agrepmenl lwtwl'pn measured yield and 
predicted y'ield, it would not ill1prov(' I he ability I () forC'cast av(~rage yield. 

Est imat iOI1 of uxygPI1 COl1SUlllpl iOl1 and }lflHiul't ion is H11O( hpr an'a of major 
concern in ~Le lllOdl'l. H()!lJ«(ire and Ho.vd's (1 \JiD) !lIodels for conditions in 
channell':lt fish ponds lIla.\' han' lilllited applicPhility' to condit ions in (,{arias 
pone\;;. I(now!pdge of prilllary' <\lid secondary production for Thai aquaclliture 
systems is aiso lilllited, so \\'f> nn!lot impro\'p on i{ol1laire lind Boyd's model 
at present. This i:-~ part iClIlariy' 1 rlle for anoxic POiH!:;, Since so fe'" fish species 
grow \vell in an()xic l'olHlitions, lit: 'e is known of I,i()logicnll)focessl's ill tllPse 
systems. Howpw'r, availahle data indicate a cessation in photosY'nthf'sis one!' 
ponds become anoxic (National Inland Fisheries Institllte, l!lR\). 

Ollr r('sults have done little to clarify' differences belween conl'f'('tf' tank and 
earthen ponci clIitllre of ('{aria,..;. Tarncll1llanukit et al. (19h;l) inciicatl' tlwt (Ill' 
improved water qllality' in reci!'culating tanks nll(1\\'s greater growth and SUf­
viv;>.! of Clarias. Water quality indicated b.Y ollr predicted DO levels \':as no 
be t / er in cOile ret eta n ks than in part h('n ponds. I Illp roved yie Ie! may result from 
better feeding pract ices possible in tank clIlture, where applied feed is probably 
consumed more l'i'ficient ly', anci bpt tel' est illlat iOIl of fish size ane! density in 
tanks aist' allows more wecise feeding. 

A major part of this study' was cond1lcted with assistanc~ of staff at the Fac­
ulty of Fisheries, !\m;e(:.;art U nivcrsity, Bangkok, Thailancl. W. Chang, D. 
Fielder, and L. Fuill1an aided in development and lise of the computer models. 
W. C'llIIapoehllk anci W. Taflll'halanukit helped ill data collection. B. Diana 
and P. Schncl'\)erger helped with manuscript preparation nnd editing. Finan­
cial support was provided by grant DAN-f);)·1;~-G-SS-210;3-()() from the Agency 
for International Development, Science and Technology Branch. Additional 
support was plm'idee! by t he School of N atur~ll Hesollrces, U nivcrsity of Mich­
igan. This paper is contribution No, ·tl7 from the Grea( Lakes HesE'<lI'cn Di­
vision, University of Michigan. 
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pp,lti<i 1:11), 
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I I It), ~ 1111 I I; l" I'":'!. : :,~ I'i', 
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l'allie-,OILp!"1II1 :'110: 

I Ii,,'.],!. ,I ~ .. ( 'h'"I::, \\'. \ H III 1,'\, II, H, :111:1 I '1111'I/II",b,I.', \\' .. I !I~,'" }'I'IIIItIt'III'1: ,\',II'IilS t'(If I '''Ill 
Illlillh- I'l!ltlil'l,d Irl""" li,'r li,hl" "1,,,"1 il",H .\"1.1. Titl' 1'I,i\'('rs;I~' lit' \li,'hie:,lll, I ;,1':11 Lakl'~ 

alii} \Ial'illl' \\':11,,1'., ("']Il,'r, Illlt'ril,llillll:d l'r",:r,!I'h HI'III,rl :\lI]lllll'r -:, II!) 1'1', 

F:\I I, 1 ",~:L F,\I \ I'i,h..rlt" ,";,'ri,, I,~, 1-',\1 I :-;1:11 i,1 i" ;;,'ri.,.; I:" F,",d alld ;\gri(,1111 1Ir., (lrgallizal illll 
Illt""\'ili",d :\alill"c,1<lIl1l1', 

HIIgl'lld'"'I'I1, II .. I Ii"II, ( "'lllr,,J!<-.; pr, '1':1'1:11 11111 ,d 1I1I' ,\frlt'all 1'<11 fish, ( '/111'111-' I'/-"'/'I/ I (', alld \', I, 
1\',1-:11'("'1 "I ft>I,dill~ 1't'~:IIII" illlill~,,'r1ill,: "IJ!IIIrt' ,\'111'''''JiIIJrt', :,'·1: I:!:\ \;\1. 

11 I)gl'lld, II "'1'" II, I' I,~; (d'I)I,'1 h ,I: ,d 1'1" ,dil<'l ill" II I' I h., ;\t'rtI'<111 ('.,1 li'II, ( '111,.11;" 111:1'111 I I' ,I1Hi \', ), 
III. Hi''''II,'r~''I'' n,LIII""., ,Jillt,d\' \II':;:1t1 :llId It-"dill:~ 1,,\.-1, '-\'1l1d,lIIIIJrt', :;;',: I I';', 

Ih~"IH/t"'rIl, II.. \'.111 1~"ri:t.Ir, 1- .tIll I H"""it, 11 .. 1:1:-;1. :\11 "1'1'11 ,'If['llit }'<lLIlIt'I' f('Spill)lIlt'kr fl)r 
bitlt'l1l'n!t't Il' -.,t lli!il'''' I d' ! i"/l :...:rl J\\'{ h. :\qU:\('\lilllrt', ~~I;: I ;..;;; I"':'";, 

H,)gl'IlC/t,"rIl, H .. ,1<111,,'11, ,1,,\.,1 .. 1\""1", "'"I., \1"'iti"I." \l.:\,.\1.. \':'11 J-:\\ijk, /',11. :lIltl \'all Hf','s, 
,J ,I' .. I!),';;\, ( ; r"lI'l Il alld pr, ,dll"I" ,II II! I I", :\ I n(,'"1 (':11 I i,.;h, (''-,U';"" 11/:,,/,,1 1(' al: I \', I, It. r! ",,'\' 
"I}'"cll'11', Whl, I, 1I11"'rall]'" <I lid ",,'dill,: 1"1,,1 ill illl"Il~il'" 1<1111: ',1111111't', :\'1It:lI'llllllrt', ,1,1: ''.ii.', 
'2,'""), 

,)"]'(lall,,I. l'I~'i;, Tit" illllllt'll', IIlllt,cll' \\"I::itl "11 :~:I' ,,~d,,"}g!' ill lilt, air'}'f(';;lhill:; fi,Il, ('!I/i'II;.' 

h(l'ru"/ill', ('lilliI', }li, 'lt"llI, l'I1\",),,} . .-\, :,,:: :ill:, :\ III, 

Eilc-llt'11. ,1.1-', :--;!.-II',lrt, 11,,1, :llId "'"illill;',,'r, I I .. I!I';'; ,\I'pli'illlllih III it hill(,I1"rg"li('~ lll"d,,1 II) 
y .. lltJ\\' perl'll I }/I'''I"I/ JIUI/"d'!'f/..,,-) ;IIHi \"'illlt,~" ! , ...... ·{I.:II.--./. dl"i/ I 1:,",'[I.'n II'tn'Unt) . . 1. Fi .... h Hl';-';. 

Ill).trd ('<Ill .. :11: I!I:::' I!I:',-" 
Lallll,lll, ,1.1-: .. :-illlll 111'1'111:\11, j{ I J. .Il1d 'l'dlllj,.!llll"IIII]'" (;, I EdiTlirs I, I !I,';', F, ,r,'\':' ,[(I. I n: I'rill('iplt,~ 

alld I'r<l('1 in',; III 1',,11< i ,\IjIT:It" ill I!r,', ( If('~, 'Il :-il aI" ! '!t]I','r, it" I'n'", ( '/lI'\'ali i~, ( ilL Pi', I' i i-x, 
:\at i"llal hlallcl Fi,llI'ri.,., 111,1 iLlt", I !I,'i!, :\ 1-i:lIldhll"K IIllJi'(',I"" "I' ('lIllured ('Iu/'{Ij, I pia <llli> I 

in Thailand. :\:tl i"Il:lIIlll:lllci Fi,ill'rt", 11,,1 il 1.1 (', I I"part IllL'Il1 Ill' Fish!'! i.", !~; Ilgf;(Ik, Thailand, 
\'\ pp, 

l'anaYIIIIJII, T \\"Itlanlllch"ril'a,;; .. 1,li\':'II"lld:1. ~, ,lIld T"ki'i,na, Ie. 1:1;,:', T!ll' 1'('(Il1(1l1liL'~ Ill' 
catlish larIlling III ,','ntral Thailalld, J('L-\}{\ll't,dl. H"p,:, 

HOlllain', IU' .. :!Il<1 1l",,',J, (',I-: .. I!I';~I, Ell,'('I, "I .Slllar ra<iialitln 'lIl lIlt, d\,n.t:.til', A di~~ClI\'(':l 

Ilxygel: ill ('h:'lln,,1 c'.Il I i,h i'lIllci.;, Tralb. :\ III. Vi,," ~"l' .. I. ItI: ,1':'( 1''-'', 
Srisuw:I'ILIl'h, \', ;;"llll:.!I,hllllljJhan, 1\, :tlld Ellg, 1',:--; .. 1!11i1. \\'all'r qllaiilv I'<Jnditi"lh as disea~l' 

rl,lal('d "In'"",r, III I 'luTIII.' p"lld ,'uIIUI'<' :\'lli"lIallnlalld Fi~lH'ri(',' IIl~lilull', B:lllgkok, Thai 
land, H"!>IIr! I)() F -\':\ I I I' F:\() '1'11:\ ';:,,'1 I\:!, :'!'\ pp, 

Tarnrhalallilkit, \\' .. ('hllilp,,..IJllk, \\'" :--;urallin,!;;tt, 1', alld .\Ja:--iakClrIl, l'" I~JS;l. 1'1;; d,lk dan 
cull ure ill, 'irclilar ,".1,'1','1,' I II 111<1, I\' il h wal ,'r f('('i rt'lila I ill:': s\',1 I'm, I Il'jJarl Iill'll i ,,1:\ gricilit Ilr", 

Facult~, /II Fj,III'rib, h.a,l'htrl !'Ilil'l'r,il:", H,tIIgk"k, Tll:Ii!:!lld, 1,/ pp, 
Webb, 1', \\", 1 !I'/,'i, I'a rt i I i"l1 i I,:': III (-Ill' rr;y in I Il 1lll'I ah,,1 i~1ll a Ild :~r()\\'t hill: S,IJ, (;(' rk ing (I';d i tor), 

EcolClh'Y III Fn'~h\l'atl'r Fi,h I'rtld'll'titlll. ,Iohn \\'i:i~~' and ;;"Il~, ."li.'I\' Y"rk, :--JY, pp, IH,I .. :.! 1,1. 
Yamada, H" I ~J.'i:j, I'lIlld prllelul'ti"l1 systl':IlS: ~tllcking prncl i('l'~ in pllnd fish cllit ure, In: .J.E. Lan­

nan, ILO, Smitherman and C, '1\'lwballllglllus (Editors), PrincipiI'S and ['radin's of Pond 
:\qllanlilure, Oregon Slate lInil'ersity ['n'ss, Corvallis, OJ{, pp, .'i;) ,~Ii. 
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