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GENERAL ABSTRACT 

Brachydanio rerl0 (Cyprinidae) a vater-breathing Hsh and Clada. 

macrocephalus (Clariidae) an air-breathing fish vere subjected to 4 and 10 
, ) 

mg L-l, respectively, of the extract of the Croton tislium (Euphorbiaceae) 

seeds with and without surface access at dlfferent dissolved oxygen levels 

(0.8, 1.1 and 8.1 mg 02oL-1 for Brachydanio; and 0.7 and 8.1 ms 02.L-l for 

Clarias) to investlgate (a) vhether the action of toxin Is affected by 
~ 

level of dis80lved oxygen and Ch) whether flsh exposed to toxln Increase 

thei;r survival time by breathlng at the surface. For Brachydanl0, the 

mortal1ty occurred more qulckly at lover than at hlgher levels of di880lved 

oxygen; under hypoxic conditions mortality also occurred more qulckly when 

surface access vas prevented than when access vas provlded. For Cladas 

vith surface access in toxin, both air-breathlng frequency and surviVal 

-, time vere higher in hypoxia than in normoxia; when surface acce88 vas 

denied, survival tlme in toxin was greatly reduced under both hypoxla and 
\ 
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Brachydanio rerio (Cyprinldae), un poisson a respiration aquatique, et 

Cladas macrocephalus (ClarUdae), un poisson a respiration aêr1ennEt" ont 
1 • 

't' soumis respectivement a 4 et 10 mg.L -1 d'un extrait de graines de 

Croton tlglium (Euphorbiaceae) avec et sans acc~s i la surface de l'eau et 

ce, soùs diff'rentes concentrations d'oxyg~ne (0.8, 1.1 et 8.1 mg 02.L-l 

pour BTachydanio; 0.7 et 8.1 mg 02.L-1 pour Clarias) de façon a vérifier a) 

si l'effet de la toxine est affect' par la teneur en oxygène dissous et b) 

si les poissons exposés a la toxine peuvent accrottre leur chance de survie 

par la respiration aér~enne. Dans le cas de Brachydanio la mortalité fut 

plus rapide aux faibles concentrations d'oxygène. Sous ces m@mes 

conditions, la mortalité fut tout aussi rapide lqrsque l'accès a la surface 
~ , 

n'était pas permis. Dans les cas de C1artas, la fréquence de respirat~on 

aérienne de ~me que le temps de survie a la toxine, furent plus 'levés en 

hypoxie qu'en normoxie lorsque l'accès i la surface était possible. 

Cependant, lorsque l'acc~s a la surface n'était pas possible, le temps de 

survie l la to~ne fut grandement rédu~t et ce, sous les deux conditions 

d'oxygénation • 
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PREFACE 

This thesis. consists of two papers, each prtfeented as a chapter 

according to the regulatione _ of the Faeulty of Graduate Studies, whlch 

states: 

The candidate has the option, eubject to the approval 

of the department, of includlng as part of the theela 

, -
the text of an 'original paper, or papers, su~ table for 

-SUbmission to learned jqurnals for publication. 

Both the firet and second paper p~!!sented will be submitted to t.he 

Canadian Journal of Fisheries and Aquatic Sciences. These papers are 

united as a thesis by a general conclusion. Dr. D.L. Kramer le the second 

au~hor on each paper, because of his role throdghout their development and 
"\ 

his significant contribution to the final versions of the manuecripts. As 

pr1m~ry author, 1 assume' responsibll1ty for val1dlty of the data and theory 

presented in these papers. 
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GENERAL INTRODUCTION 

.. 

Several stud1eB on water-breathing species of Hsh show that the 
1 -. • 

toxicity of waterborne substances :!.ncreases at low levels of dissolved 
'. 

oxygen (Southgate et al. 1933; DoW!t1ng 1954, Lloyd 1961, Pickering 1968, 

Hicks and DeWitt 1971', Smith and Os~id 1972, Voyér et al. 1975, Thurston et 

al. 1981, Gupta ~~l. 1983 and Verma et al .. 1985). Gupta et al. (1983) 

and Verma et al. 1985 also showed such an effect using bimodal1y respiring 

species at ; mg 02.L-1. 

AlI thes~ studies on the effect of oxygen on toxlcity have faHed to 

consider the impact' of surface ~ccess and ite interaction with dissolved 

oxyget! on toxicity. This appears to be a serious lapse because it ta 

weIl estabHshed that surface access under hypoxia 1s important for the. 

survival and actlvlty of flsh. Under hypoxlâ, water-br~at~lng species rise 

to the water surface to respire .t the well oxygenated thin surface film 

(Lewis 1970), a response termed as aquatic surface respiration (ASR) by , 
Kramer and Mehegan (1981). During ASR, Hsh can reduce the freq~ency of 

, 
gill ventilation sign·ificantly over what would be requfred if using the 

water column (Gee et al. '11978). ASR ln hypoXic vatel" improves oxygen 

levels in blood (Burggren 1982) and incr~ases sur~ival and activity (Kramer 

and Mehegan 1.981, Kramer and McLure 1982). Fi~h\ with blmodal respiration 

also depend on surface access. Thèse specles are capable of respiring both 
• 

dissolved and atmospheric oxygen, and during air' breathing,' g111 

ventilation may be reduced (Johansen 1970) • Blmodal respiration 

• characterizes a diverse array of apecies from the tropies (Jh1n.gran 1975, 
r, Il - .. .. \ 

p. 790-800) whlch are'~~~~ble for their r~~lstance to environmental hypoxia 
. " 

and other stresses (Denadral and Trlpathi 1976) • 

. '-- '. 
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These- flndings in resplratory physiology and behaviour suggest that in 

a toxie medium, by resorting to surface use (ASR or ai r breathing), fish 

can prolong the1r survival by reduc1ng the rate of gil1 ventilation to 

lower the toxin uptake through the respira tory water current. Support for 

such a change in respiratory moçle to reduce toxln uptake eomes fr.am 

- anecdotal evidepce for the voluntary surfacing of Hsh when exposed to .. 
different klnds of toxins, inc1uding rotenone (Bhuyan 1968, Konar 1970, 

Hick1ing 1971, p. 95, Chakraborty et al. 1972, Devies and Shelton 1983, 
( 

Tiexei ra et al. 1984, Hegen 1985) and eopper sulfate (Ku1akkattol1eka1 

personal observations on gTass carp, Ctenopharyngodon idella, 1983}. 

There is experimenta1 evidence that bimoda1 speeies of flsh also 

adjust to the increased oxygen demand on exposure to toxins, by depending 

more on air breathing than on watei:' breathing • Bakthavathsalam and Reddy 

(1983) showed that on eJcposure to l1ndane, Anabas~tes tudlneus showed a 

signifieant increase ln the rate of oxygen uptake from air with relati ve1y 

little increa,;,e in the rate of oxygen uptake from water. Natarajan-(198l) 

found a similar effect for Channa striatus e(Cposed to metasystox. Although 

both these works failed to relate the survival time of fish to oxygen 

uptake from air, i t seems that such an Increased" dependency on air 

breathing rather than on water l:ireathing to meet the increased oxygen 

demand produeed by exposure to toxln, was to 11mit the toxin uptake as mueh 

as possible, through the resfiratory water. current. In addition to the 

jiJtudies on alr-breathing f1sh a1ready cited, Smatresk and Cameron (1982) 

have demonstrated that the gar (LePsj1sosteus oculatus) Inereased the use 'of 

atmosphere and decreased the use of dissolved oxygen on exposure to 

hyperosmotic solutions, .and Burggren (1978) reported similar responses to 

dlssolved carbon dioxide. So far no study has been condueted to establish 

o 

the survival value of either air breathlng or ASR in Hah exposeœ to toxins 

ln hypox!.c water. 

·1 
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Based on the anecdotal and experimental studies already clted, l felt 

the need to establish the importance of surface a~ess on survival time of 

. . 
fish exposed to toxins. Therefore, the main goals of thie inv.estigation 

were to quantify: (1) the effect of dissolved oxygen levels on toxic1ty 

of a waterborne toxin (Croton tigl1um seed extract) to a water breathing 

species Brachydanio rerio, the zebrafish, and a bimodal species Cl arias 

macrocephalus, (2) the l'ole of surface access as a modHying factor of 

toxicity at different levels of dissolved oxygen for both species, and (3) 

the effect of toxin on the rate of air breathing in Clarias macrocephalus. 

The original contributions of this study are as follows: 

1) This study provides the first experimental evldence for the effect of 

surface access on toxicity for both air-breathlng and a water-breathlng 

speciee of fish • 

• 
2) This study gives the first experimental evidence that toxic1ty under 

hypoxia is magnified for a water-breathing species of fish when surfac~ 

access is denied. 

3) As' an extension of previous studies showing that toxicity 1s increased 
'\ 

at lower levels of dissolved oxygen, this study gives the first 

evidence of such an .effect for a proteinaceou8 plant toxin on a 

water-breathing species of flsh. 

4) This etudy provides the tiret evidence for a decrease in toxic! ty at 

tIN 
very low levels of dissolved oxygen for an Blr-breathing Hab with 

surface access. 
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1 bel1eve that these results have applications in aquaculture and 

sampl1ng of wl1d f1sh populations. When applying toxins to eradicate 

unwanted fish from aquacultural ponds (Bhuyan 1968), selec~g a time of 

day with high or low di,ssolved oxygen levels as required and preventing 

surface access can increase the rate of action of toxins on Hsh. This 

should reduce the ~ant1ty of toxin appl1ed and hence should result in 

increased cost-effectiveness and reduced environmental contamination. 

The surfacing behaviour of fish in naturai water bocHes in response to 

• 
rotenone has been used for sampling wildfish populations (Shireman et al. 

1981). On the basis of the results of this study 1t seems that such 

surfacing behaviour is the toxin-induced aquatic surface respiration (for 

water-breathing specles of f1sh) and perhaps air breathing (for 

ai r-breathi ng spec1es of fish). If this is establ1shed through further 

reeearch, th1e might result ln better ways of manlpulatlng the 

toxin:Jnduéed resplratory behaviour of Hsh for sampI1ng wl1d Hsh 

populations • 
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ABSTRACT 

Zebraflsh (Brachydanio rerio, Cyprlnidae), a water-breathing fish, 

were tested in a 4 mg • L -1 -extract of Croton tigl1um (Euphorbiaceae) 

seeds at 0.8, 1.1 and 8.1 mg 02.L-l, with and without surface access. \ 

-~ 
Equl1ibrium loss occurred more quickly at lower levels of dissolved 

oxygen than at hlgher levels. 1 Under hypoxic conditions equllibrium loss . 
alao occurred more quickly when surface access was prevented than when it 

W8S provided. The results 8uggest that by performlng aquat1c surface 

respiration fish wlth surface access ln hypoxic water reduce their 

yentllation rate and hence their uptake rate of toxins • 
... -
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INTRODUCTION 

A wide range of chemica1 pollutants are more toxic to fishes at lower 

than at higher 1evels of dissolved oxygen. Substances th~t produce a given 

mortality rate more rapidly or at lower concentrations under hypoxic 

conditions inc1ude cyanide (Sou.thgate et al. 1933, Downing 1954), -alD1Uonia 

(Lloyd 1961, Thurston et al. 1981), hydrogen sulf1de (Smith and Oseid 

1972), phenols (Lloyd 1961, Gupta et al. 1983), heavy metals (Pickering 

1968, Voyer et al. 1975, Verma et al. 1985) and kraft mill effluent (Hicks 

and Dewitt 1971). It is likely that hypoxia increases toxicity by its 

effect on ventilation rate which brings more toxin into contaét with the 

gill epithelium, a major site of toxin absorption (Lloyd 1961). Given 

this, it is àurprising that little--attention has been given to the 

interaction between surface access and hypoxia in toxicological studies. 

Un'der hypoxic conditions most fish species ri se to the air-water interface 

where théy perform aquatic surface respi~ation (ASR), inspiring the 

oxygen-rich surface layer maintained by diffu~Lewis 1970, Gee et al. 

1978, Kramer and Mehegan 1981). ASR incr~ases survival, growth, activity 

and blood oxygen levels under ~ypoxic conditions (Lewis 1970, Kramer and 

Mehegan 1981, Burggren 1982, Weber and Kramer 1983) and probably perm1ts 

the maintenance of oxygen uptake at lower ventila~ion rates. Thufi, it 

might be expected that surface access wouid improve surviva1 in the 

presence of toxins. However, no studies have experimenta1ly examined the 

effect of surface access on toxlcity, and most studies of the interaction; 

of oxygen concentration and toxicity even falled to record whether or not 

surface access was provlded. 

" " , ., 
" ' 

" 

_.-. 
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The present study was designed to examine the interaction between 

surface access and oxygen concentration on the toxicity of a waterborne 

substance. As a tox1n 1 used an extract of the see!is of Croton tig11um 

(Euphorbiaceae). Croton seed extract ls used ln Indla to harvest wl1d f1sh 

for human consumption (unpublished observations) and has been suggested as 

a substitute for rotenone to remove predators and competitors before 

stocking Hsh ponds (Bhuyan 1968, Jhingran 1975, p. 550-554). If oxygen 

and surface access do, Influence toxicity, it may be _possible to reduce 

economic costs and environmental contamination through the judicious choice 

of method and timing of plscicide application. 

MATERIALS AND METROnS 

f.!.. t1g11um seeds were imported from Kerala, Indla. The seed' coa ts 

were removed from the seeds and the remaining portion was used in making 

the extract. To do this, 90 g of the material was frozen -in llquid 

nitrogen and ground, using a mortar and 'Pest1e, until a thick paste was 
~ 

obtained. This was suspended in water in bleached eheese eloth (Fisher 

grade 150), filtered and made ,up to 9 L to give a 1% (weight/volume) stoak 

solution. !\l1-<tuota of 30 mL were frozen and thawed at ~ room temperature 

when needed. 

As a,test specles 1 used 300 zebraflsh, Brachydanio rerio (Cyprlnldae) 

purchased from a local aquarium wholesaler (i ± s.n., standard length 29.42 

± 2.43 mm, weight 390.3 ± 105.3 mg). This species is widely used in 

.toxicologieal testing (Lade 1977) and is known to perform ASR (Lewis 

1970) • 

, 
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Tests were carried out in aquaria measuring '76 x 30 x 30 cm deep 

divided into two equal sections by a plastic screen perforated by 1 mm 

diameter holes every 5 mm. On 'one side plexIg18ss supports were provided 

for a glass cover that could .be posi t ioned to prevent surf ace acceS8. 

Adjacent to each aquarium was a 3.5 L jar in which oxygen levels (0.8, 1.1 

and 8.1 mg 02·çl ) WerE' controlled by bubbl1ng in nitrogen or air. Water 

was pumped from the jar into both side~ of the aquarium at a rate of 

4 L.m1n-1 and siphon~d back into the jar. The entire apparatus contained a 

volume of 64 L. Tests us1ng dyes verified that the water was well-mixed. 

Differences in oxygen levels between the two sides of the aquarium were 

corrected by manipulating the position of the water inlet tubes. Siphons 

in each half of the aquarium were used to collect water samples into a 

250 mL graduated cylinder for oxygen measurement using a Yellow Springs 
'f 

Instruments Model 57 Oxygen Meter. For hypoxic trials the cyl1nder was 

filled with nitrogen gas before use to reduce oxygenation of the ~ample. 

AlI readings were corrected for changes in dissolved oxygen levels 

occurring during collection, using a previously determined calibration 

curve .relating aquarium dissolved oxygen to cy11nder reading. A detailed 

summary of oxygen variations 1s gi ven in Appendix 1. A two-way analysis of . 

varian'ce (Sokal and Rohlf 1981) revealed no signif1cant effect of surface 

access or toxin treatments or their interaction on oxygéiLlevel •. Variation 

among trials in oxygen level was relatively small: very hypoxic 0.8 :1: 

O.l mg 02.L -1 (0.6 - 1.0 mg 02.L -1); moderately hypoxic 1.1 * 0.1 mg 02.L-1 

(1.0 - 1.3 mg 02:L-1); normoxic 8.1 ± 0.2 mg 02.L-1 (7.7 - 8.3 mg 02. L- l , i 

~ S.D., (~8nge). Water temperature W8S maintained at 25 ~ O.6°C. 

\ 



.. 
• 

• 

\. 

\ 

- --~ 

• 

~ -... 

,.. 14 

Pive conducted at each nominal oxygen concentration. Bach 

tank with and one tank' without toxin, each tank having 

one section with and one without surface access • Two days before each, 

trial Hsh were f1n-clipp~d to permit individual identification. The 

experimental tanks were set up on the evening before the trial and filled 

vith aged tap vater. On the mornlng of the trial, five marke~ fish ~ere 

randomly allocateêl to each half of both tanks and left (with surface 

access) for 4-5 h until the desired oxygen l~ve, was, achieved. Then 

12.8 ml of the stock solution of toxin was added to each side of the 

experimenta1 aquarium to provlde a 4 mg • L-1 concentration of toxln, and 

the glass covera were put in place. The Hah were observed continuously 

for the next 5 h and the equilibrium loss time (ELT) of each individual was 

noted. Equilibrium loss was defined by the- failure of Hsh to maintain 

their dorso-ventral body axis in the vertical plane without even a brief 

recovery. lt wa'S used as an indicator of mortality because of the .. 
difficulty of making morff detailed observations of opercular or other 

movemènts on so many indi viduals. ln prel1minary experiments, Hsh that 
1 • 

reached this ~tage never recovered upon transfer to fresh water. Tanks 

were deto#fled after _ eacb trial by circulating in them ao 8 mg • L-1 

solution of potassium permanganate overnight. 

For each tteatment in each trial the Median ELT' in minutes was 

determined. Then a three-way ana1ysis of variance (Sokal and Rohlf 19~1) 

was performed on the median values of ELT to examine the effects of the 

presence or absence of tox1n, presence-or absence of surface access, level 

of dia.olved oxygen, and their-interactions. Subsequent comparisons of 

aedian values of ELT between particular treatments were made uslng ~-tests • 

• 
l , 
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RESULTS 

Figure 1 sU1DJDarizes the results. To:dn, 8urface acceS8, ôxygen 

concentration and their two-way interactions aIl had signiflcant effects on " ' 

ELT (Table 1). With surface acce8S and no toxin' the median f1sh always 

survived the test period at aIl oxygen levels. With surrace acceS8 and 

.toxin the median Hsh always lost equllibrium before the te$t finished at 

aIl oxygen levels; ELT decrèased as oxygen concentration decreased, but 

two-way comparisons were significant onli~ for 0.8 vs 8.1 mg 02'L-1 
/ 

(p < 0.02). Without surface access in the absence of toxin, the median 

fish survived in aIl trials at 8.0 and 1.1 mg 02.L-1 but died before the 

end of three of five trials at 0.8 mg 02.L -1. Without surface acce88 in 

) the presence of ~ox1n the median equUibrium 10ss a1wàys occurred before 

the end of the trlàl aud aIl compar180ns of ELT between oxygen levels were 

highly significant. (0.8 vs 1.1 'mg 02.L-1 p < 0.0063, loi vs 8.1 mg 

02'L-1 P <: 0.0001, 0.8 and 8.1 mg 02'1.-1 p < 0.0001) In addition, the 
, 

ELTs of fish in toxin witho~t' surface access were signlficant1y 10wer than 

tho~e with surface àcces8 af 'both 0.8 (p < 0.0175) and 1.1 mg 02 0L- 1 

(p < 0.0115), but was not at 8.1 mg 02.L-1. Behavlora1 obs.ervations 
, 

dudng the Urst 30 min of treatmeI\t demonstrated high 1evels Qf-. surface 

use (over 60% of the time ln contact with the surface) for fish in both 

toxln and control -treatments at both 0.8 and 1.1 mg 02.L-1. 

" 

"l' (.J 
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o Table 1. Analysis of vdriance for equilibrium 1088 time of Blachydanio in 

relation to oxygen, t~n and surface access. 

-
Sour~e Mean Square F ratio d. f. Sign1fi~ance 

Oxygen 41976.867 26.944 2 p 0.0001 

Toxin 300900.017 193.142 1 p 0.0001 

Acces8 32994.150 21. 178 1 P 0.0001 

Oxygen x Toxin 19060.467 12.235 2 p 0.0001 

1 Oxygen x Access 7284.200 4.676 2 P 0.014 

.. Toxin x 'Access 8906.017 5.717 1 p 0.021 
• ... 

Oxygen x Toxin x Ac~ess 3746.467 2.L.05 2 ns 
" 

Residusl 1557.925 

, -

o 
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Fig. 1. Comparison of equillbrlum 10ss time of Brachydanlt> ln toxln (T. 

open bars) and no l:oxin (NT. shaded ba ra) ...,1 th and wl thout surface acce8S 

at three d1sso1ved oxygen 1evels. Circ les and squares represent the median 
\ 

values of surv1 val Ume of l- groups of 5 f 1ah in toxln and no 
, 

toxin. 

respectlvely. Each bar represents the mean of the medlans( -points 

c1uste!""ed around the top of the bars 1ndicate that the flsh surv! ved for 

the entlre exper1mental perlod of 300 minutes. 

-
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---nISCUSSION 

The present experiment confirms earlier findings that toxicity of 

waterborne substances to fishes increases as oxygen decreases. Previous 

studies have primarily involved heavy metals and smaU ions like ammonia 

and cyanide. Mine ls apparently the first record for a plant toxine The 

toxins of Croton seeds have not been completely characterized, but i"Clude 

proteins (Kraemer 1915, p. 475-476, Stirpe et al. 1976, Banerjee and Sen 

1981). My study also provides the first direct evidence that surface 

access affects toxicity under hypoxlc conditions. Not only did the fish in 

toxin live eignificantly longer when they had surface acceS8 than when they 

did not, but the lack of acçess accentuated the effect of oxygen levels on 
1 

toxicity. Without surface accese, the ELTs in aIl three oxygen treatments 

differed Signific{ntlY from each other, while with access the F.LTs in only 

the extreme levels were significantly different. Th,is magniflcatlon, by 

the lack of surface access of the effect of hypoxia parallels previous 

studies of the effect of surface access, on growth and activlty in hypoxic 

conditions (Weber and Kramer 1983). My results help a to interpret , 
previous study of an apparent age-related effect of oxygen on toxic1ty. 

Graves et al. (1:981) reported an effect of oxygen on the toxic1ty of kraft 

mill effluent ta Juvenile sheepshead mlnnows (Cyprinodon variegatus) 

although no effect on fry or adulte was observed. Interestingly, only the 

test containers used for Juveniles apparently lacked surface access. 

My observations tend to support Lloyd' s (1961) suggestion that the 

effect of low levels of oxygen on toxicity results from increased branchial 

ventilation. The effect of hypoxla on ventilation volume la weIl 

l 
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o established (e.g. Saunders 1962, Marvin and Heath 1968, Randall 1969). 

Other factors that increase oxygen demand, and hence ventilation volume, 

olso increase toxicity. These include temperature (MacPhee and Ruelle 

1969, Verma et al. 1985) and the presence of cestode parasites (Pascoe and 

Cram 1977). Rodgers and Beamish (1981) provided add i t ional evidence by 

showing that with increased levels of activity rainbow trout Salmo 

ga1rdneri increased their uptake rate of methylmercury. l suggest that 

toxici ty increases for similar reasons when surface access is prevented. 

Fish that are unable to perform ASR must ventilate at higher rates to meet 

their oxygen requirements (Gee et al. 1978). Fish are known to perform ASR 

when exposed to levels of hypoxia that are not lethal (Weber and Kramer 

1983). The evidence from my study supports the conclusion that, in 

ad~tion to possibly reducing the cost of ventilation, a reduction in toxin 

uptake may be a benefit of performing ASR. l t is very important that 

future studies of the effect of hypoxia on fishes control and report 

.. 
surface access. In general, laboratory studies preventing surface access 

are likely to find more severe effects of hypoxia than may occur under 

natural conditions where fish can perform ASR. 

Although Lloyd's (1961) hypothesis is plausible, there may be other 

reasons why low levels of dissolved oxygen increase the to~icity of 

substances in the water • Fish are apparently able to metabol1ze and 

. 
detoxify or excrete some potential toxins (Lee et al. 1972, Brocksen and 

BaUey 1973, Thomas and Rice 1975). Because of . the depressing effect of 

hypoxia on metabol1c rate, flsh may be less able to use such means to 

protect themselves. Thu8, the avallabllity of more oaygen 

o through ASR should result ln faster detoxlf1cation. The posslbil1ty that 

---
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oxygen permlts detoxification in the test apparatus, for example by 

chemical oxldation or bacteria1 activity, a1so shou1d not be discounted. 

Final1y, there is the simple suggestion that a stressor such 8S a toxin or 

" physlcal barrier ls bound to have a stronger effect on a fish already under 

stress (e.g. by hypoxia). 

The general1ty of the effect of oxygen orl toxlcity and the evidence 

that this effect ia compounded by 1ack of surface acceS8 may have 

application to aquaculture because many fiah rearing ponds show strong 

diurnal oxygen fluctuations (Hickl1ng 1971, p. 48, Jhingran 1975, 

p. 356-357, Woynarovich 1975, p. 19). On the one hand, low oxygen leveIs 

can exacerba te the effects of contaminants in the water supply. On the 

other hand. in order to reduce the dose of toxin used to remove unwanted 

f1sh from aquaculture ponds before atocking, it ma.y be use fuI to choose a 

time at which oxygen levels are minimal. In addition, it may be possible 

to prev~nt surface 8ccess by using 8' barrier such as plastic sheeting or 
t 

even by frightening the f1sh away from the surface. The interaction of 

oxygen and surface access is an important proces8 which 8hould be 

consldered ln botk la~rltory and field studies involving toxins. 
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ABSTRACT 

Under well oxygenated conditions (8.1 % 0.4 mg 02.L-1) Clartas 

macrocephalus (Clariidae), an air-breathing f1sh, respond to toxic extracts 

(10 mg L-l) of Croton tigl1um (Euphorb1.aceae) seeds by' increasing their 

fre-quency of air breathing. When surface access ls denied, survival in the 

absence of toxin ls unaffected, but survival tlme ln toxin is greatly 

reduced. Under hypoxic conditions (0.7 % 0.1 mg 02.L-1) both air-breathing 

frequency and survival time in toxin are increased. These results suggest 

that air breathing increases the resistance of flsh to toxins by permitting 

a decrease in the rate of gill ventilation and hence the rate at which 

toxine are absorbed. 
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o INTRODUCTION 

Fhh with bimodal respiration are c81Sable of using both dissolved and 

atmospheric oxygen (Johansen 1970). This respira tory mode characterizes a 

diverse array of species, including a number with economic importance. 

Some are the objects of subsistence and cQIDmercial fisheries, and others 

are significant in aquaculture, either as cultivated species or as unwanted 

predators in fish ponds (Dehadrai and Tripathi 1976). Many bimodal specles 

are notable for their resistance to environmental stresses in addition to 

aquatic hypoxia (Dehadrai and Tripathi 1976). It is possible that air 

breathing renders Hsh more res1stant to toxins by permitting the reduction 

of gill ventilation, thereby reducing contact with toxins at a major site 

of uptake. For water-breathing fish toxici ty of a wide range of substances 
• 

iocreases as dissolved oxygen decreases (Southgate et al. 1933, Downing 

1954, Lloyd 1961, Pickering 1968, Hicks and DeWltt 1971, Smith and Oseid 

1972, Voyer et al. 1975, Thurston et al. 1981, Gupta et al. 1983, Verma et 

al. 1985, Chapter 1). Lloyd (l96!) proposed that this increase in toxicity 

could be explained by the increased r~te of ventilation' in hypoxic water. 

Ris proposai is supported by the positive association between toxicity and 

temperature, which also increases oxygen demand and hence ventilation rate 

... (Verma et al. 1985). Further evidence comes frOID studies by Rodgers and 

Beamish (I 981) showi ng that the uptake of methyllJ!!!rcury by trout tncreases 

in associatiQn with increased swimming speed and oxygen uptake. 

If toxici ty is affected by ventilation rate we would expect strong 

hypoxia to decrease rather than Increase toxicity in bimodal fishes, 

because at very low levels of d1ssolved oxygen thesd species' reduce gill 

• 
, 
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ventilation and rely primarily upon air breathing (Johansen 1970, Graham et 

al. 1978, Gee 1980). At higher levels of dissolved oxygen, toxlclty should 

increase wnen surface access is denied because of the higher rate~ g11l 

ventilation under these conditions (Singh and Hughe.s 1971). Finally, we 

might expect the fish to respond to toxins by reduclng their rate of weter 

brea~ing and increasing their air br-eatyng to compensa te- for this. 

5hort-term changes in respiratory partitfc:ning are known in response to 

other factors which alter the costs of each respiratory -mode. These 

include dissolved oxygen (Johansen 1970, 5ingh and Hughes 1971, Graham et 

al, 1977, Burggren 1978), carbon dioxide (Burggren 1979), water depth 

(Bevan 1986) and the risk of aerial predation ~Smi.th and Kramer in press). 
\. 

The goals of the present study were to determine how diss01ved oxygen 

concentration and surface access intëràct to influence re81stance of 

bimodal fish to waterborne toxins, and how the presence of toxins affects 

the rate of air breathing. lt aparalle1s a previous investigation of the 

effect of dissolved oxygen and surface access on toxicity in a water-

breathing fish (Chapter 1). 

As a study species l chose the As1an catf1sh ClaTias macrocepha1u8. 

Although less weIl studied than its congers E.. batrachus and C. lazer1l 

(bibliographies by Clay 1977 and Vincke 1982), it too is a continuous, 

facultative air breather, i.e., it breathes air at aIl levels of dis801ved 
'" 

oxygen but can survive without air breathing at normoxia (Bevan 1986). 

This species 18 reared commerc1.ally in Asia (Clay 1977, F.A.O. 1984). 

Members of this genus are also predators in aquaculture pond~ where they 

prey on fry of other spec1es (Jhingran 1975, p. 548-554). ln Florida; 

U.S.A. C. batrachus is a pest wbich bas spread widely following accidental 

J 
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o introduction (Idyll 1969). 

l used an extract of Croton tiglium (Euphorbiaceae) seeds as 

.. 
toxine Seeda of this species are crushed in streams to collect fish for 

II> 

food in Kerala State, India (personal observations), and it has been 

suggested as a substitute for imported rotenone to clear unwanted species 

'~ 

of H&h from l!quaculture ponds before stocking (Bhuyan 1968, Jhingran 1975, 

p. 552). 

MATERIALS AND MEtHODS 

C. tiglium seeds were imported from Kerala, India. The seed coats 

were removed, and the remaining portion was used in making the extract. To 

do this 90 g of the msterial was frozen in liquid ni t rogen and ground, 

u8ing a mortar and pestle, untll a thick paste was obtained. This was 

suspended in water in a bleached chee se cloth .(Fisher grade tl50) , flltered 

and made up to 9 L to give a 1% (weight/volume) stock solution. Aliquots 

of 30 mL were frozen and thawed at room temperature when needed. 

Cladas macrocephalus fry from Malaysia were raised in the 

laboratory. .They were initially fed live Artemia nauplii and subsequently 

trout pellets (0.4 mm diameter, from Martin Feed Ltd.). One hund red and 

eighty-eight fish with standard length 10.53 ± 1.54 cm and weight 13.52 ± 

5.85 g (x + S. D.) were fin-cl1pped for indi vidual recognition and held in 

separatè squaria for .two days before use in experiments. 

The test apparatus conaisted of aquaria 76 x 30 x 30 cm deep, divided 

into two -equal sections by a plastic screen perforated by holes of l mm 

diameter every 5 mm. Plexiglss8 8up~ort8 on one side permit ted a glass 

o· .. 
\ 



30 

o caver to be positioned to prevent surface access. Dissolved oxygen levels 

were adjusted by bubbling air or nitrogen into a 3.5 L jar adjacent to each 

aquarium from which water was pumped to both sides of- the experimental tank 

at a rate of 4 L. min-le Siphons retllrned the water to the jar. The 

apparatlls contained a total of 64 L of water. Oissolved oxygen levels in 

the two sides of the aquarium were corrected by manipulati~ the level of 

the inflow pipes bringing water from the jar. Samples for oxygen 

determination were ohtained from siphons on each side. Water was siphoned 

into a 250 mL graduated cylinder which contained air (normoxic trials) or 

nitrogen gas (hypoxic trials). AU oxygen readings were corrected for 

changes in dissolved oxygen levels due to di ffusio~ from the air in the 

cylinder using a previously determined calibration curve relat,.ir1,ll; aquarium 

dissolvecl oxygen to cylinder ceading. A two-way analysis of variance 

(SakaI and Rohlf l<Hll) revealed no significant effect of Rccess or toxin 

treatments or their interaction on oxygen concentration. The variation in 

trial mean oxygen values was: hypoxic 0.7 ± 0.1 mg 02.L-l (0.6 - 0.9 mg 

(range). A detailed summary of oxygen variations is given in Appendix II. 

Water temperature was maintained at 25 ± 0.6°C. 

Six trials were run under normoxic a:'1 six under hypoxic conditions. 

-." -
In each trial one tank received 64 mL of toxin (final concentration: 10 mg 

L-l) and the other was untreated. Within each. aquarium, fish on one side 

had surface access and on the other side they did not. On the evening 

preceding each trial four Clarias were randomly aS8igned ta each half -of 

each aquarium. The fo11owing motning oxygen level was adjusted whl1e a11 

o 
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fish continued to have surface access. This required approximately 5 h for 

the hypoxic treatmentsj fish in normoxic trials were held for an equivalent 

period of time before the start of the experiments. Then the toxin was 

adged in equal parts to both sides of the treated tank. Fish were watched 

contlnuOUBly for the next 9 h, and the time of each death recorded. A fish 

was considered to have died w~ aIl visi ble movements ceased. For the 

first 30 min two observers recorded the total number of air breaths for 

each individual in the aquaria with surface access. In one of the hypoxic 

control tanks, the cover was accidentally lowered prematurely, reduc1ng the 

number of trials to five. 

The analysis was based on the Median survi val Ume for each trial of 

each treatment. A three-way analysis of variance (Sokal and Rohlf 1981) 

was performed with respe~ tp the treatments toxin (present or abse,pt), 

surface access (present or absent) and .dissolved oxygen (normoxic or 

hypoxic). Similarly, Median air-breathing frequencies of fitih with surface 

access were analyzed by two-way 8.na.l.ysis of variance (Sokal and Rohlf 1981) 

joli'. the effects of toxin and dissolved oxygen. For both survival and 

air-breathing, particular treatments were compared by t tests. 

RESULTS 

AlI three treatments and their interactions had highly significant 

effects on survival time (Table 1). Without toxin"' aIl fish survived for 

the duration of the exper!ment except under hypoxic conditions without 

surface access where the median surv! val time averaged only 24 min 
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(Fig. 1). In the presence of toxin the median survival times with surface 

access averaged 

(Fig. 1). This 

367 min at 8.1 mg 02.L-~ and 471 min at 

difference was stat istically sign i f icant 

0.7 mg 02' L-1 

(p, 0.0348). 

Without surface access the effect of oxygen on survival time in toxin was 

reversed with median survival averaging 80 min at 8.1 mg 02.L-l in contrast 

to 23.4 min at 0.7 mg 02.L-l (p < 0.0001). With surface access survival 

time was greater than without access both at 8.0 mg 02.L-1 and at 0.7 mg 

02 • L -1 (p < O. 000 l ) • 

Both oxygen and toxin and their interact Ion al8-o had high1y 

sign1ficant effects on air-breathing frequency (Table 2). In the absence 

of toxin the fi sh took about 4.3 breaths per ind i vidual per hou r under 

normoxia (Fig. 2), while under hypoxic condit Ions this frequency increased 

to a mean of 18.5 \)Ireaths per flsh per hour (p <' 0.0048). However, in the 

presence of toxin this dramatically increased to about 41.3 breaths per 

fish per hour (Fig. 2). This increase was signlficant at both 8.0 mg 

02.L-1 (p < 0.0001) and at 0.7 mg 02.L-1 (p < 0.0001). But there was no 

effect of oxygen on the breathing rate in toxin (p'> 0.6918). 

/ 
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Table 1. 

dissolved 

Analys1s of variance for survival tlme of Clarias ln relation to 

oxygen, toxio and<face .cc .... 

Source F ratio d. f. Signlficance 

Oxygen 98.44 l 0.0001 

Toxin 277.57 l 0.0001 

A.ccess 766.71 l 0.0001 

Oxygen x Toxin 158.30 1 0.0001 

Oxygen x Access 229.50 l 0.0001 

Toxin x Access 26.75 1 0.0001 

Oxygen x Toxin x Acce88 64.85 1 0.0001 

r 
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Table 2. Analys1s of variance for the number of air breaths per hour of 

Clarias in relation to dissolved oxygen and toxine 

Source 

Oxygen 

Toxin 

Oxygen x Toxin 

F ratio 

4.87 

111.51 

7.81 

l 

l 

l 

Signif1cance 

0.0390 

0.0001 

0.0110 
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o Fig. 1. Comparison of survival time in toxin (T, open bars) and no "l:'oxin 

(NT, shaded bars) of Clarias when there is no surface access and when there 

18 sur'ace access at two dissolved oxygen leve1s. Circ1es and squares 

represent the median values of surviva1 time of fish of each trial in toxin 

and no toxin, respective1y. Each bar represents the mean of the medians of 

6 trials (except no toxin at 0.7 mg 02oL-1 where there were only 5 

trials). Six points c1ustered around the top of the bars indicate that the 
, 

Hsh survived for the entire duration of the trial (540 minutes) or more • 

• 
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Fig. 2. Air breatJts per fish per hour in toxin (T, open bars) and no toxin 

~ 
(NT, shaded bars) of Clarias measured at two dis80l ved oxygp.n Ievels for 30 

minutes • Circles and squares represent the median values of ai r breaths 

per fish per hour in toxin and no toxin, respectively. 
/' 

Rach bar represents 

the mean of the medians of the 6 trials. 
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DISCUSSION 

Hy study shows that both dissolved oxygen level and surface access 

influence the toxicity of Croton seed extract to Clarias. Numerous previous 

studies have shown the effect of dissolved oxygen on the susceptibllity of 

Hsh to toxins. Host report increasing toxicity with decreasing oxygen 

(Southgate et aL 1933, Downing 1954, Lloyd 1961, Pickering 1968, Hicks and 

DeWitt 1971, Smith and Oseid 1972, Voyer et aL 1975, Thurston et aL 1981, 

Verma et al. 1985 and Chapter 1). These studies include many different types 

of toxins and species of fish, although 1 have found only two studies using a 

bimodal species (Gupta et al. 1983, Verma et al. 1985). A few report no 

effect (e.g. Voyer 1975). However, none has reported a decrease in toxic1ty 

with decreasing oxygene Nevertheless, my findings are compatible with 

Lloyd' s (1961) suggestion that hypoxia increases toxicity by increasing 

eltposure of the gill epithelium to toxine In bimodal species a faH in .. 
dissolved oxygen generally induces a rise in both ai r breathing and water 

breathing until a threshold point is reached at which water breathing 

declines sharply (e.g. Graham et al. 1978, Gee 1980). Previou~ studie~ on 

Clarias macrocephalus have demonstrated a peak water breathing frequency at 

2.0 mg 02.L-1 while at 0.7 mg 02.L-1 water breathing was le~$ frequent than 

at normoxla (Bevan 1986). Thus, lowered water breathing rates in my fish at 

hypoxia probably protected them from the toxln by reduc1ng the amount of 

water contacting the gill surfaces. In the previous studies of effects of 

d1880lved oxygen on the response of bimodal fish to toxin (Gupta et al. 1983, 
j 

Verma et al. 1985), the Increased susceptibility was probably due to an 

increa8e in g11l ventilation at the lower dlssolved oxygen levels 
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(near 5 mg 02.L-l in both cases). 

Even though the use of the surf1ree for air breathing or aquattc 

surface respiration is an important part of the response of fish to hypoxia 

(Kramer 1983), surface access has been glven 11ttle attention in studies of 

the interaction between toxins and d1ssolved oxygen levels. Sometimes 

surface access is not reported (e.g. Lloyd 1961, Thurston et al. 1981, 

Gupta et al. 1983), and it may even vary between experimental groups (e.g. 

Graves et al. 1981). Surface access ls known to affect activity and 

feedlng .in hypoxlc water (Weber and Kramer 1983). In a prevlous paper l 

showed that it affects toxicity of Croton seed extract to the water 

breather Brachydanio rerio (Chapter 1). The present s tudy conf! rms a 

simllar effect for a bimodal spec1es. Unlike Brachydanio, whlch was only, 

affected by surface access under hypoxic conditions, Clartas was affected 

by acceS8 at no rmox \' • This is 

under normoxic condit~ons. In a 

not surprising since C1arias breathes air 

recent study Bevan (1986) showed that when 

prevented from air breathing at normoxia, Clar1as macrocepha1us increased 

their water breathing by a factor of almost two. 

Air-breathing frequency of Clarias increased sharply in the presence 

of toxins. This suggests that fish can respond facu1tatively to 

waterborne contaminants by alterit:tg their partltioning of oxygen uptake 

towards atmoapheric oxygene Similar ob~~~vations have been made for Channa 

striatus exposed to metasystox (Natarajan 1981) and Anabas testudlneus 

\00 

exposed to lindane (Bakthavathsalam and Reddy 1983). In a study of the 

control of resplratory partitioning by the gar Leplsosteu8 Qculatu8, 

Smatresk and Cameron (1982) demonstra~ an Increased use ..of atmospheric 

oxygen and decreased use of dissolved oxygen when the ger vere transferred 

*' -
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• to hyperosMoti.c solutions • Simllar responses to dissol ved carbon dioxide 

have also been reported (Burggren 1978). However, l was unable to measure 

branchial ventilation frequendes under the conditions of our experiment, 

• and lt 18 possible that sOme of the increase in air breathing W8S due to 

• J increased oxygen demande Several previous studies have demonstrated 

increaeed oxygen demand in the presence of toxins (Davis 1973, Hughes and 

Adeney 1977, nalela et al. 1980, Johnstone and Hawkins 1980). In the 

etudies of bimodal fish exposéd to pesticides (Natsrajan 1981, 

Bakthavathsaram and Reddy 19S3), the significant incresse in oxygen 

consumption through air breaths apparently functioned to meet the increased 

oxygen demand whlle there W8S a slight 1ncrease rather than decrease in 

.. oxygen consumption through water brt!athing. Nevertheless, it see'!1s l1kely 

• that the presence of potentially harmful substances is one of the factors 

contro111ng resplratory partitioning in b1modal fish. The capaci ty to 

reduce the uptake of such substances lDust be added to the list of other 

advantages to bimodal respiration. These include lowered cost of 

respiration and the capaclty to survive emersion and extreme hypoxia 

(Xramer 1983). This apparently explains why alr-breathing Hsh have a 

reputatlon for belng particularly difficult to be controlled by poisoning 

(Dhuysn 1967, Jhingran 1975, p. 549). 

There is a need for additional research on the problem of sl,lrfacing 

behsvior of both bimodal and water-breathlng Hsh exposed- to toxins. A 

• number of studies on plant toxins including rotenone refer to fish caning 

to the surface of tfte treated water (Bhuyan 1967, 1968, Hickling 1971, 

p. 95. Chakraborty et al. 1972, Matlock et al. 1982. Davies and Shelton 

1983, Teixeira et al. 1984). S1mllarly l (pnpubl1shed observations) noted 

• 
" 
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o grass carp (Ctenopharyngodon idella) surfacing in water treated with 

sub-lethal doses of copper sulfate.' However, it is usually unclear whether 

this representerl directed behaviour such as air breathing or squatic 

surface respiration or simply the passive floating of dying fishes (but see 

Konar 1970 and Hegan 1985). 

My study has implications for the use of piscicides to remove unwanted 

Hsh from aquacul ture ponds and other water bodies. lt suggests that 

toxins will be more effective when presented at times when gill ventilation 

rates are high. This will often occur at intermediate oxygen levels (Gee 

1980, Bevan 1986). The effectiveness of the toxins could he increased 

still further by restricting access to the surface, perhaps even by 

frightening the Hsh as they approach. These techniques mlght not only 

increase the cost-effectiveness of the application of Hsh poisons, but 

reduce the levei of environmental contamination ")l8 welle 

• 

• 

• 
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GENERAL CONCLUSION 

This study has successfully shown that for a water-breathlng species 
• 

of flsh toxlclty fs Increased at lower levels of dlssolved oxygen and that 

for an alr-breathlng specles, toxlclty ls decreased towards lower levels of 

dissolved oxygen. This study has provided the first evidence for the 

effect of surface access on toxlclty provlng that toxlcity is increased 

when surface access is blocked both for ai r-breathing and water-breathing 

species. This suggests that air-breathing and aquatic surface respiration 

help to raise survival time in toxic media by reducing toxin uptake through 

the respiratory water current. For the water-breathing species, the effect 

of dissolved oxygen on toxic1ty was magn1fied when surface access was 

blocked. On the basis of these results, it can be suggested that selectlng 

a day or time of a day when dis90lved oxygen leveis are low or high a9 , 
required, and blocking surface acceS8 _~an speed up the action of toxins on 

Hsh and hence has applications to eradicate unwanted fish from 

aquaculturel ponds • 
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Appendix 1: The three nominal di8s01ved oxygen levels (0.8. 1.2 and 8.0 mg 02·t-1) and the actual leve! 

under which experiments were conducted to determine the equilibrium loss time of zebrafish in toxin (T) and no 

toxin (NT) vith access to the surface (A) and with no access to the surface (NA) at 25 ± 0.6°C. 

Dissolved oxygen (mg 0Z'L-l) on consecutive bours 

Nominal Acces8 Toxin Trial No 2 3 4 5 6 x 
dissolved oxygen 
(mg 02'L-1) level 

0.8 A T 1.05 0.90 0~70 0.70 0.70 0.70 0.79 

0.8 A T 2 0.77 0.72 0.60 0.70 

0.8 "A T 3 0.66 0.95 0.60 0.66 0.72 0.72 

0.8 A T 4 0.83 0.83 0.77 0.72 0.79 

0.8 A T 5 0.83 0.89 0.89 0.87 

0.8 NA T 0.9 0.85 0.8 0.7 0.7 0.7 0.78 

0.8 NA T 2 0.72 0.77 0.89 0.79 

0.8 NA T 3 0.66 0.77 0.60 0.66 0.72 0.68 

0.8 NA T 4 0.95 0.83 0.66 0.72 0.79 

0.8 NA T 5 0.83 1.07 1.13 1.01 

0.8 A NT 0.90 0.90 0.90 0.60 0.70 0.80 0.80 

0.8 A NT 2 0.72 0.77 0.60 0.60 0.54 0.54 0.63 

0.8 A NT 3 0.83 0.77 0.72 , 0.60 

" 
0.60 0.77 0.72 

0.8 A NT 4 0.83 0.83 0.83 0.77 0.72 0.77 0.79 
0.8 A NT 5 0.83 0.66 0.83 0.83 0.72 0.89 0.79 

0.8 NA NT 0.90 0.90 1.00 1.00 0.85 1.10 0.96 
0.8 NA NT 2 0.73 0.72 0.66 0.60 0.60 0.54 0.64 
0.8 NA NT 3 0.73 1.13 0.77 0.54 0.60 0.72 0.75 

0.8 NA NT 4 1.13 0.95 0.83 0.77 0.95 0.95 0.93 
0.8 NA NT 5 0.89 0.72 0.83 0.77 0.77 0.83 0.80 

o .. o 
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Dissolved oxygen (mg 0Z'L-l) on consecutive hours 

Nominal Access Toxin Trial No 2 3 4 5 6 x 
dissolved oxygen 
(mg 02'L-1) 

level 

1.2 A T 1. al 1.25 1.07 1.01 1.01 1.01 1.06 

1.2 A T 2 1 • 13 1.55 1.37 1.13 1 .19 1.01 1.23 

1.2 A T 3 1.19 1.55 1.13 1.13 1.55 1.01 1.26 

1 .2 A T 4 1.19 1.07 0.89 1.01 1.04 

1.2 A T 5 1.25 1.13 h07 0.89 0.89 0.13 1.06 

1.2 NA T 1 1.01 -. 1.25 1.07 1.01 1.01 1.01 1.06 
-, 

1.2 NA T 2 1.19 1.43 1.43 1.25 1.37 1.01 1.28 

1.2 NA T 3 1.31 1.37 1.37 1.31 1.25 1.01 1.27 

1.2 NA T 4 1.25 1.01 1.01 1.25 1.13 

1.2 NA T 5 1.31 1.31 1.25 1.01 ~.25 1.25 1.23 

1.2 A NT 1.07 1.25 1.07 1.01 1.07 1.13 1.10 

1.2 A NT 2 1.19 1.49 1.25 1.31 1.13 1.01 1.23 

1.2 A NT 3 1. 19 1.43 1.0\) 1.01 1.37 1.01 1.17 
-, 

1.2 A NT 4 1.13 1.25 1.01 1.01 1.13 1.07 1.10 

1.2 A NT 5 1.25 0.95 0.89 0.77 1.01 0.95 0.75 
1.2 NA NT 1.01 1.19 1.01 1.01 1.07 1.01 1.05 

"1.2 NA NT 2 1.25 1.49 1.25 1.37 1.07 0.95 1.23 
1.2 NA NT 3 1.31 1.37 1.25 0.89 1.13 1.01 1.16 
1.2 NA NT 4 1.19 1.37 1.19 0.95 1.19 1.13 1.17 
1.2 NA NT 5 1.25 1.07 1.01 0.77 1.19 1.01 1.12 

..". 
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Dissolved oxygen (mg 02'L-1) on consecutive bours 

-
Nominal Access Toxin Trial No 1 2 3 4 5 6 x 

d1s601ved oxygen 
(mg 02' L -1) 

level 
, 

8.0 A T 8.36 8.25 8.25 8.14 8.14 8.03 8.20 

8.0 A T 2 8.03 8.08 8.25 8.25 8.31 8.20 8.19 

8.0 A T 3 7.59 7.70 7.80 7.14 8.03 7.92 7.70 

8.0 A T 4 7.81 7.81 7.76 7.65 7.81 7.81 7.78 

8.0 A T 5 8.36 8.20 8.20 8.14 8.25 8.25 8.23 

8.0 NA T 8.36 8.25 8.25 8.14 8.14 8.03 8.20 

8.0 NA T 2 8.03 8.14 8.25 8.25 8.31 8.20 8.20 

8.0 NA T 3 7. 70 7.80 7.80 8'.14 8.25 8.25 7.99 

8.0 NA T 4 7.81 7.81 7.81 7.70 7.81 7.81 7.79 

8.0 NA T 5 8.36 8.25 8.25 8.14 8.14 8.25 8.23 

8.0 A NT 8.36 8.36 8.36 8.31 8.31 8.25 8.33 

8.0 A NT 2 8.03 8.03 8.20 8.20 8.25 8.20 8.15 
, 

8.0 A NT 3 7.59 7. 70 7.81 7.92 8.14 7.92 7.85 

8.0 A NT 4 7.92 7.9l 7.50 7.50 7.60 7.70 7.70 

8.0 A NT 5 8.25 8.14 8.14 8.14 8.25 8.03 8.16 

8.0 NA NT 8.36 8.36 8.36 8.31 8.31 8.25 8.33 

8.0 NA NT 2 8.14 8.03 8.20 8.20 8.25 8.20' 8.17 

8.0 NA NT 3 7. 70 7.81 7.81 8.14 8.25 7.92 7.93 

8.0 NA NT 4 7.92 7.92 7.76 7.81 7.81 7.98 7.87 

8.0 NA NT 5 8.25 8.25 8.25 8.14 8.25 8.14 8.21 

• .. o /' 
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Appendix II: Tbe two nominal dissolved oxygen levels <0.8 and 8.0 mg 02'L-1) and the actual level under whlch 
experiments were conducted to de termine the survival time of Clarias in toxin (T) and no toxln (NT) vith access to 

the surfacé (A) and witb no access to the surface (NA) at 25 ± 0.6°e. "-

Dissolved oxygen (mg 02'L-1) on consecutive hours 

-Nominal Access Toxin Trial No 1 2 3 4 5 6 7 8 9 10 X 

dlsso1ved oxygen 
(mg 02' L -1) 

A level 

0.8 A T 1 0.72 0.72 0.72 0.59 0.59 0.59 0.59 0.54 0.42 0.42 0.59 
0.8 A T 2 0.77 0.72 0.72 0.60 0.83 0.77 0.72 0.72 0.72 0.66 0.72 
0.8 A T 3 0.66 0.84 0.77 0.66 0.54 0.60 0.72 0.72 0.95 0.66 0.71 , 
0.8 A T 4 0.84 0.89 0.89 0.72 0.77 0.77 0.89 0.60 0.60 0.60 0.76 
0.8 A T 5 0.77 0.48 0.54 0.72 0.60- 0.72 0.77 0.83 0.60 0.66 0.67 
0.8 A T 6 0.72 0.66 0.83 0.83 0.72 0.77 0.72 0.72 0.60 0.60 0.72 
0.8 NA T 0.72 0.66 0.77 0.59 0.59 0.66 0.59 0.54 0.3& 0.36 0.58 
0.8 NA T 2 0.83 0.60 0.54 0.60 0.60 0.66 0.54 0.54 0.54 0.60 0.61 
0.8 NA T 3 0.84 0.95 0.85 0.60 0.60 0.75 0.85 0.80 0.84 0.84 0.79 
0.8 NA T 4 0.89 0.72 0.89 0.66 0.77 0.72 0.60 0.66 0.60 0.54 0.71 
0.8 NA T 5 0.77 0.42 0.42 0.72 0.66 0.72 0.72 0.72 0"'6 0.56 0.64 
0.8 NA T 6 0.72 0.54 0.60 0.83 0.77 0.66 0.60 0.42 0.42 0.48 0.60 
0.8 A NT 1 0.72 0.54 0.77 0.83 0.77 0.77 0.77 0.66 0.66 0.66 0.72 
0.8 .A NT 2 0.77 0.77 0.77 0.89 0.89 0.72 0.77 0.72 0.60 0.66 0.76 
0.8 A NT 3 -0.77 0.77 0.72 0.72 0.72 0.84 0.84 0.84 0.95 0.95 0'.81 
0.8 A NT 4 0.89 0.95 0.83 0.77 0.83 0.77 0.72 0.66 0.72 0.66 0.78 
0.8 A NT 5 0.83 0.83 0.83 0.95 0.72 0.77 0.83 0.77 0.72 0.66 0.79 
0.8 A NT 6 0.83 0.66 0.60 0.77 0.77 0.77 0.60 0.72 0.77 0.77 0.73 
0.8 NA NT 0.77 0.59 0.77 0.72 0.77 0.83 0.66 0.59 0.54 0.54 0.68 

/' 0.8 NA NT 2 0.83 0.77 0.77 0.95 0.83 0.83 0.89 0.77 0.66 0.72 0.80 
0.8 NA NT 3 0.85 0.90 0.85 0.80 0.80 0.90 0.85 0.90 0.90 0.89 0.86 
0.8 NA NT 4 0.95 0.48 0.84 0.77 0.84 0.72 0.66 0.60 0.66 0.72 0.72 
0.8 NA NT 5 0.83 0.83 0.83 0.83 0.83 0.83 0.89 0.60 0.77 0.72 0.80 
0.8 NA NT 6 0.77 0.42 0.66 0.60 0.77 0.66 0.60 0.66 0.72 0.77 0.66 r 
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Nominal Access 
dis801ved oxygen 
( mg 02· L - 1 ) 

level 

8.0 A 

8.0 A 

8.0 A 
8.0 

8.0 
8.0 
8.0 
8.0 

8.0 
8.0 

8.0 
8.0 
8.0 

8.0 
8.0 
8.0 

8.0 

8.0 
8.0 

8.0 
8.0 
8.0 

8.0 
8.0 

• 
'-

.. 

A 

A 

A 

NA 
NA 
NA 
NA 

NA 
NA 
A 

A 
A 

A 

A 

A 

NA 

NA 
NA 
NA 

NA 
NA 

Toxin 

T 

T 

T 
T 

T 

T 

T 

T 

T 

T 

T 

T 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT" 
NT 

NT 

NT 

NT 

Trial No 1 

1 7.59 

2 7.70 

3 _ 8.36 
4 

5 

6 

1 

2 

3 

4 

5 
6 

2 
3 

4 

5 

6 

1 

2 

3 

4 

5 
6 

7.92 

8.58 
7.92 
7.81 
7.81 

8.42 
7.81 

8.58 
7.92 

7.59 

7.81 
8.36 
7.81 

8.69 
7.70 
7.70 

7.70 
8.47 
7.92 

8.58 
7.70 

Dissolved oxygen (mg 02'L-1) on consecutive bours 

2 

~ 

7.81 
7.81 

8.03 
7.81 

8.90 

8.25 
7.81 
7.81 

8.03 
7.81 

8.8 
8.36 
7.59 

7. 70 
8.03 
7.92 

8.69 
8.25 
7.59 
7.70 
8.03 
7.81 
8.69 
8.36 

• 

3 

7.70 
7.59 

8.25 
8.14 

8.69 
7.48 
7. 70 
7.59 

8.25 
8.25 

8.8 
7.59 
7.70 

7.59 
8.14 
8.25 

8.69 
7.59 
7.81 

7.59 
8.14 
8.25 
8.69 
7.59 

4 

7.70 
7.59 

8.14 
8.25 

8.80 
7.92 
7.81 
7.59 

8.14 
8.25 

8.8 
8.03 
7.70 

7.59 
8.2~ 

8.36 

8.69 
8.03 
'1.70 
7.59 
8.47 
8.36 
8.58 
8.14 

5 

7.81 
7.59 

8.03 
8.25 

8.90 

7.81 
7.70 
7.59 

8.14 
8.14 

8.8 
7.81 
7.81 

7.59 
8.36 
8.25 
8.80 
7.81 
7.81 

7.70 
8.25 

8.25 

8.90 
7.81 

----

6 7 

7.81 7.81 
7.59 7.70 

8.14 8.25 
8.25 

8.69 
7.70 
7.81 
7.70 

8.14 
8.36 

8.8 
7.81 
7.81 

7.59 
8.25 
8.25 

8.80 
7.81 
7.92 

7.59 

8.25 
8.36 

8.80 
7.92 

8.25 

8.80 
7.70 
7.81 
7.59 
8.14 
8.25 

8.8 
7.81 
7.81 

7.70 
8.14 
8.25 
8.69 
7.8L 
7.81 

7.81 
8.14 
8.36 
8.80 
7.81 

t 

8 

7.59 
7. 70 
7.59 

8.14 
8.25 

8.8 
7.70 
7.70 

7.59 
8.25 
8.25 

8.69 
7.81 
7.70 

7.59 
8.36 
8.25 

8.80 
7.92 

9 10 

7.70 7.70 

7.59 7. 70 

8.14 ~ 8.14 
8.25 

8.80 
7.70 
7.81 
7.70 
8.25 
8.36 

8.8 
7.81 
7. 70 

7.81 
8.25 
8.25 

8.69 
7.81 
7.81 

7.70 
8.36 
8.25 

8.69 
7.92 

8.36 

8.69 
7.70 
7.81 
7.59 
8.14 
8.25 

8.8 
7.70 
7.81 

7.81 
8.36 
8.25 

S.69 
7.81 
7.92 

7.81 
8.47 
S.36 
8.80 
7.92 

o 

1 
1 

52 " 

x 

7.73 

7.65 
8.17 
8.17 1 

8.77 
7.78 
7.78 
7.66 
8.18 
8.17 

8.8-, 
7.85 
7.72 

7.68 
8.24 
8.lS 
8.71 
7.S4 
7.78 

7.68 
8.29 
8.22 
S.7,3 

-7.90 
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