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' means of measuring their iespectlve metabol1c rates. -On a’ C

‘group was 0.67\indicgtiqg q-metabolﬁsm‘proportiona] to surface:

- N R

-

dry We1ght bas1s, the slope of the 11ne representing the Ce g o

controls was 1 12, 1nd1cat1ng a metabollc rate proport1ona] ' . ,'«
|, 3

to we1ght whereas the slope represent1ng the cyanide porsoned

a‘rea. '1 ‘I N "I * R ) B ) Al . . .
: . y . .
, The size and activ1ty of the f1sh tested were two o

L -

factors affect1ng metabol1c rate wh1ch was in turn’a modierrJ

¢ “ , .
v oo, .

of cyan1de toxac1ty " . N , .. o




- ~ . A - «
a\' - .t ’ e R -
f . . - . s .

"Un1vers1ty/ for h1s help in planning this research. in the

'ana]ys1s of the data Qnd\1n the preparat1on of this thesis

,_Asswstant Professor of B1o1ogy at toncord1a Un1vers1ty, for

- ACKNOWLEDGEMENTS |

~

-, , Th1s project was supported by a research contract
(OSUSaOOIO) awar¥ed to Dr. Gérard Leduc by the Department
of ‘Indian and Northern Affa1rs, Ottawa co

I wou]d l1ke to extend my sincere thanks to Dr

.

Gérard Leduc, Assoq1ate Professor of 810109y at Concordia

I wou]d a]so like to thank Dr. Perry Anderson,

LAl

V e v .

his he]pfu] suggest1ons and construct1ve criticism of this

b E work? ’ . . | - "
’ ) ) . Dr. Sy1v1a Ruby, Ass1atant Professor of B1olog} ‘f
. ‘at Concordia Un7vers1ty, deserves thanks ,as. well for her '
. valuabTe cr1t1c1sm of this study o ' . )
. Thanks are a1SO due to Mr K. taltaghan, Mr. J.
i ' .Loustau and Mr. K. Cupnirgham for the technical did they ‘ ]
a provided S SR | g .o . i‘
d . o - The va]uab1e’adv1ce and help of fei]ow graduate ‘ _' :
. ‘stodents Michel'Gaudet, Sam Cheng, walter Banas, Tibor . %
) Kovacs end Diane Galley is gratefully acknow]edged.‘f _ ;
: o ‘The support 6f my parentSnand Mr. and Mrs, A.E.D. '.: 3 {
E1T1iott is sincerely appreciated | v .;' |
Lastly, I would like to take this opportun1ty to . | "
o , : LN T ' N u
| v R

-

R e e et L S




‘

state that the uﬁderstqndiddz co-operation, and genérous

help of my wife, Katherine Lois,McCracken, is greatly:

[ - -

appreciated and that her most.valuable assistance contri- .

buted immeasurably to the completion of thts thesis. *..

. ‘




?
W

INTRDDUCTION.Z..? ...... ’......a..d....a..‘ ...... R

. L
MATERIAL, APPARATUS AND METHODS.I....ﬂ ...... SRR
MATERIAL ....... e S SR ,
- APPARATUS .............. e e
CoTest TANKS .. i i i er e e e e e .
_ Water Supply....... e . . ‘ *
. METHODS,: « v e e e et e e eennnene eeeeanivansenenen.
7 , Di'et"n ----- ARSI SRR B s 8 e o o R EEEE] ‘e w8 s s e e = e
Handling of Fish........"....... e e :
,* Experimental Design....... R R R ‘e
o : ¥ ) .
O RESULTS . ven e vvnewennnns e, ;..i..
- . Effects of different rat1ons .......... ..
Effect' of cyanide on:the food ma1ntenance
v PEQUITEMENt. .t ettt iesine e e eeenennennns ‘.
) v Effects of.activifX..... S PN .
fffect of 1n1t1a1 size on Wet and dry*®
welght gain.... .t it e iii i iteeenenn
. Effect of initial size . on fat gain..........
. DISCUSSION....... A PR Ceee e
o Phys101091ca1 Imp11cat1ons.' .................
.Response :to vary1nq rat1ons ........... Pe .
Response to exercise......... B I
" Response of lipid metabolism.............
Allometric response............... Cerre e
EcoTogical Sign1f1cance....w....: ...........
BIBLIOGRAPHY . T PR P IRRURRSUOPR

R e S,




Table 1.

\
Table 2.

Table 3.

Table 4.

Table 5.

<

Table 6.

Table 7.

. " \ . *
" LIST OF TABLES °
e . ‘ © Page

Chemical analysis of treated-water for
the City of Montréal from January 1975 e \
to January 1976..:,................1 ...... PR 11

nCyan1de concentrat1ons, rations, sw1mm1hg
-speeds, initial mean wet weights, initial-

mean lengths and the number of fish begin-

~ning and ending each 20-dpy experiment -
carried out on rainbow trout 1& 10°C........ 16

Average Relative Growth Rates based on wet

and dry weights and fat cottent of rainbow

trout exposed to various cbncentrations of
cyanide and held on a series of rations

while swimming agaimst a current of

12.1cm-sec-! in contivuously renewed water

at 109C............. e A - ¢

Average Relative Growth” Rates based on wet
and dry weights and fat content of rainbow
trout exposed to various concentrations of

.cyanide while swimming aga1nst different:

current. s?eeds and being féd at a rate of
1.0%-day=! in continuously renewed water

Average Re]atlve @rowth Rates based on wet

and dry weights and fat content of differ-

ent sizes of rainbow trout exposed to

various concentrations of cyanide while

swimming against a‘current of 12.1cm.sec- ]

and being fed at a rate of 1.0%-day- ] in )
continuously renewed water at 300C.......... 33

Resu]ts of Bartlett's test for homggene1ty
of variance. Data are given for control
and cyanide-exposed rainbow trout, by
weight class, and for raw and logarith-
mically transformed growth data expressed

‘as wet and dry weight gain. The number

of .observations (n) is equal to the number .
of fish tested....... ... ..o unnunnnns. 37

Parameter values of regression lines.based
on the log - og transformation of the
data of wet and dry weight gains..........I. 40

-
e e s s i i




Figure 2",

s

Figure 3.

‘Figure 4.

» »

"Figure 5.

fFigure 6.

Figure 7.

- LIST OF FIGURES
"l ' : ‘ Page

Photograph of the expemmenta] assemb]y
showing four of the six annular’ growf.h . |
chambers used to continuously expose -

juvenile rainbow trout to hydrogen cyanide
which 'was meterad intgpthe tanks' from the
stock solut1ons usinga peristaltic -

pump. ..... e e -9,
Photograph of one annular growth chamber

in which juvenile rainbow trout were held,
swimming against a constant water velocity® .
while being contmuou'sly exposed to?
hydrogen cyanide....'.....oviiiievn .. 10

" The relationship -between the Average

o

Relative Growth Rate based on wet weight
changes of 18 and 8g juvenile raifdbow
trout and the daily food rations received .

- while swimming against a current of

12.1cm-sec-1 at 10°C, comparing-control :
and cyanide-exposed fish................... . 21

The relationship between the Average '
Relative Growth Rate based on dry weight
changes of 18 and- 8¢ juvenile. rainbow
trout and the daily food rations received
while swipming against a current of
12.7cm-sec-1 at T0OC, comparing control

and cyanide-exposed fish..........cc.viit 24
The relationship between the Average | P
Relative Growth Rate based on fat weight *

changes of 18 and 8g juvenile rainbow

trout and the daily food rations received

while =swimm1ng against a current of
12.1cm-sec™! at 109C, comparing contro]
and cyanide-exposed fiSh....cvueernnnns ce.. 26

\ I
Regr'essmn Tines re]ahng wet and dry '
weight. gains of control- and cyamde,-exposed
juvenile radpbow trout to their initial
wet weights panging,from 5 to 309 while
swimming aga1nst a current of 12.1lcm- sec” 1 /
At TOOC. .ttt iire e viire e ereneiaiiee .. 38

The relationship between fat we1ght changes

of control and cyanide-exposed rainbow

trout and their initial wet weights rang- “.
ing -from 5 to 30g while swimming against - .
a current of 12.1cm.sec-1 at 100C......... ., . 42

e

s




:
r -«
A
-
E 3
E ) ‘
13
§
* )
H
]
+
X
-
)
} P

1 g AT et B

1976. p.5).
.djacyanige of 0.10mg-1"

Sip

. INTRODUCTION,

The purpose of this 1JBoratory(study‘was to measure

LY

theJéffect§ of cyanide on the growih of confihuous]y~sw1mm-'

ing rainbow trout, Salmo gairdneri Richardson,"testing the

%

effect of varying ration and of different initial sizes of

the fish held in a flow-through system.:

« Cyanides are used -in Mmany manufacturing processes by

~

metd]ifinishing and mining operations, petroleum kefineries,
steel mills and other industries. Although examples of
gross pollution with ¢yanides .have been diminished by, ‘

. N\ . .
improved ‘waste water controls, chronic pollution occurring

o,

by means of continuous .release of these cyanides at low
goncentrations is 'still very much in evidence (Doudoroff!:”
Bérubé and Gilbert (1971) found concentrations

L at the mouth of a river discharging'

’efflbent.into Great Slave Lake. In natural surface waters

v . [} -

with, a normal pH almost all of the free cyanide (CN" and
HCN) is in the form of hydrocyanic acid (HCN)', which is the
most toxic form (Jones, 1964, p.86). ], : -

The acute toxicity of cyanide to fish has been

-
v

’shown to be related to temperature. At High, rapidly

lTethal concentrations of cyanide fish succumb much fas'ter

at elevated temperifures (Sumnen‘and Doudoroff, 1938; 90'

Anon., 1972). Recently howéVera\KQVacs (1978) has demon-

.9 '
strated that at relatively low, slowly lethal coneentrations,

-

e B e
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{ { ’\. l. . . Q \ . )n.‘
cyan1de was ‘more toxic to ra1nbow trnut at 1qyer tqmpera-

.5 ture§< which is 1n agreement w1th the findings’ of The

M1n1stry of Techn0109y, Great Br1ta1n {(1969)) . He ﬁlscovered,

that the 96-hr. .LC50 values at 65 12 and 18 C were 0. 028,

-—
A

te 0 0:942 and O. 068mg31*] HCN respectrve]y 7 ’

.Some of the adverse effects of chronic cyah1de

‘-pgisoning gn.fish repgrted in the Titerature include the
" following:, - “ L T s '
. the impairment of-swimming @bi]ity in brook--

trout, Salvelinus fontinalis7~(Neil, 1957),

. coho salmon, Oncorhynchqivii§utch, (Broderius,

. 1970) § rainbow troit, Salmo gairdneri, LSpeyer,

1975), and cichlids, Cichlasoma b1macu1atum,

(Leduc, 1965), , L

- the U1srubt1on of iono- \and osmoregulatory )&

‘5

- .the prevention of maturat10n of test1cu1ar germ
. » 4 s
-+ cells in rainbow trout (Ruby & Dixon, 1974),
. Ve . R
- the impairment,.of.embryological development of
| \ OO

'At]antic.salhon, Saimo salar Linnaeus (%educ,
/ B >

» 1978), . 3 ¢
' e T |
- l'reduction.in growth rate, disturbance d¢f metabolic -
fate and necrobiosis of liver’h;patocytes i& rainbow
‘ "« trout (Dixon, 1975; i* Speyer, 1975), o

¢

the impairment of yolk depos1t1on in ra1nbow

) _,trout ovaries (Lesniak, 1977) -
. o . l N ’

capac1ty in ra1nbow trout ‘(Leduc & Chan, 1971){

v,



~$ tions wh1ch goveFﬂ the ab111ty of the animal to ass1m11ate

/ | . SN 3 k.

a

™ For a comp]ete review of the tox1c1;y ‘of cyanide to-aquatic
organisms the reader 1sqrefemred‘to Doudbroff (1976).
qg Growth defnned by Warren (1971) as "the formation

of-tissues fromathe mater1als of digested food" is ' A R
-—ﬁg\ .
dependent on th%£;etab011c rate of the organism, the energy

a

_necessary for ma1ntenance and act1v1ty, the qua]1ty and /// Lol

. quant1ty of the food ‘consumed and theage or size of the . .

aqlmal 1tse1f ~In addit#bn, sud[et:rT’Zoncenxratnons of .

tox1cants can reduce the scnpe for: rqyih by adversely ;

' —

. affect1ng b1osynthet1c processes or some other‘v1ta] func-

food ‘Since growth is an integrated result of several, Lo '

‘biochemical and phys1o1og1ca1 precasses Tn t% 24/1ma],
' 1t s often ,used in tox1co]ogy work to eva]uate tne/over- ”

a]] capacf%y of the fish™ to funct1on in the presence of a

©
[N

tox1cant

*

In nature, restriction df food supp*é is the rule o
rafhen.then the exception (Wurtspaugh and Dayls, 1977a) «

Yet, there anre only a. few toxico]bgy studies carried out 'm‘
to. measure the effect of vary1ng restricted rat1ons oA,

r & .

N 01ad1me31 (1973) fed4:) art1f1c1a1 diet conta1n1nq %

methoxych]or (produc1ng an. intake 1eve1 of 0 67mg/kq7d%y) . "

o

to brook trout "Salvelinus fontinalis at rates of 0.5,

1.0, 1.5 and 2.0% of ,their wet‘weight per day and found

that Tow feeding rates enhanced the deleterious effect of

Pl

. methdxydhfor on groﬁfﬂ by markediy increasing the food

b

. -

e —




{\‘5'//?n a restrytted rat1on had s1gn1f1cant1y reduced growth )
. ]
relat1ve to the control fish. ' g

-,

‘maintenance requiremé;t S L ' . ,
lﬂ, D1e1dr1n exposure at a concentratwon of 0~ 05ppb . ’
in the qmﬁlent environment severe]y limited the growtﬁl ‘: \
of scylgfps,‘Cottgs pgrplexus, even .when food wai un- ‘

restricted, by increasiné the ambﬁﬁt‘bf«food necessary
j?éf‘majﬁﬁénance wHi]g’simu1taneous1y reducing food

consumption (Warren', 1971. p.163). V-

CichThds sybjected to a consentration of‘Oang-l'l"
-of potassium pentgchlqrophenqte while on {n unresg;}eted .

v -ration managed to grow ag‘well as the controls by consum-

ing'more food, thereby compensating for’the decreased |, "+ = °'

efficiency of energy utilization. 'ﬁbweve}, when theﬁfood

L]

'was restricted the p01soned fishes - cou]d not compensate

o

and as a consequence they grew much less than the controls

~

(Warren, 1971. p.163). .- . R T

" The effect of cyan1de on the growth of fishes fed -

restricted and unrestmcted rations.-has: B’een exaTned in
ear11er studies. Bath Speyer £1975) and Dixon (1975)

found that Juven11e ralnbaw trout exposed to cyan1de wh11e

AN
Leduc (1966) determ1ned tha; Juven11e coho salmon

subjected to concentrat1on§\of 0.071, 0.02, 0. 04 and 0.08mg-1 -1

HCN and.fed an unre;tr1cted dﬁet of earthworms showed sig-

A

. . ‘ . : . ) \
nificantly reduced growth only at the highest concentra-

- [y

.. tion. In growth expérimenﬁs with cic$Tids exposed to.

% . - < .
. . . .
\




. to cyan1de, in order to get a

L]

concentratlons ‘of from O. 008 to 0. 10mg-1 -1 HCN wh11e on an i '

unrestr1cted diet of tubificid worms, Leduc (1966) dwscovered

¢

_that the cyanrde po1soned fish grew as we]] as the controls.

s

Hence, in.both exper1ments, Leduc (1966) observed that the - .

unfestrictéd diet allowing the cyanide-exposed fish to
. . \ .

consume more food, permitted them to grow as well as the °

°
-

control, fish. The coho sailmon also displayed a behaviour-
al adaptat1on to cyan1de poisoning by reduc1nq the1r activity,

thereby 10wer1ngi$he1r food maintenance requ1rement and N

7

)cqntr1but1ng to‘hvgher food‘cqnvers1on rates.

+ In this study,'it was decided to feed the fish a

ser1es of d1fferent restr1cted rat1ons wh11e being exposed

[

more. fea11st1c idea of the

. effect of cyani e’ in nature where food is not available

- in unrestricted/or refativefy large fixed amount§., Also,

to prevent any-behavioural adaptation to cyanide as

aexperigﬁ{ed by Leduc (1966) the fish were made to'swim

»agains% a-current of fixed velocity, thus ensuring that

“both the controi a&d cyanide toxified groups ma1nta1ned

- ¢

the same T®vel of activity. ' .

The toxicity of a ﬁo]lutant at sublethal concentra-

: | .
tions can thus be overcome, in some cases at least partially,

by the expoéed animal consuming'moreafood. waever, a toiip
substance may not exert its deleterious effect to the same

i

degree on all sizes of the same species. In acute toxicfty

tests using pumpkinseed>sunfish, Lepomis gibbosus, Spear‘ahd

S




v . ! X . o \\
A - . y
.Anderson (1975) discbvered a progressive unproportional -

% a

s 1ncrease in to]erance to copper po1son1ng with. an 1ncrease

. {n sﬂze of fish. Anderson and Weber (1975) using gupp1es.

v Poecilia ret1cu1ata, in a 1etha1 response Q}ydy “found a

progressive increase in susceptab111ty to dieldrin wyth

increase in age class from-newborn to adult. Using -

’ ~ -. " - \ = N Q’.
i ‘rainbow trout of different'sizes exposed to an aceute .

Y

doncentration of 0.153ppm‘HCN, Hebert and Merkens (1952)-

3

'determined that with sincreasing size there was a corres- .

-

ponding progressive decrease in survival t1me

m
Hence, it was dec1ded to test the hypothes1s that
the toxicity of cyanide was size\dependent at sublethal
as well as lethal concentrations. To achieve this, two .
\ avenues of research were undertaken; one was to test the
- seffect of activity on the same size of fish, the other was
™~ ' . B
) to test different sizes of fishdat a uniform swimming ' -
- \1‘;0 .
speed. . 'y
» ﬁ"’*\ - T
! N . L@ ;; !
» ,‘}J v -
1 - _‘j“ "
- h : ’ 'l . ~ - y' ,
. ‘ 3 ST A
. N “ o , . h
; :‘;7 _ o . . \ & ' 1Y
h‘ . " #
4 ) 7 ) ) N - )
> . . . o . RN
| : \ ™
. - , L Y \.\
y \ \ i . oL e . )
. - - 7 ~ . . .
. N § ’ .
, .

e Yoo e g et




\

MATERIAL} APPARATUS' & METHODS -

» . P

MATERIAL S

- The fish used in this study were juvenile rafinbow

AT

trout, Salmo gairdneri Richardson. It was impossible to

~ “obtain fish from the same hatchgrx‘for all exﬁeriments.
.r‘Ffsﬁ used in Exper{ment\1 camg.from Pisciculture C.A.
Mprrissette,’Brbwnsburg, Quebgc, those in Experiments 2
;;ETB ffomJPiscicu]ture Trﬁitcog Huntiggdon, duebec,'

Twhiie those %nVExpgriments 4 and 5 came from Pisciculture
Mont Sutton, Sutton,.Quebec. In all cases, the fish were

9

fransported in plastic bhgs‘preSsurized with oxygen.

Upon arrival at the labor tory at Sir George Willijams

_campus, whére this §tudy was carried .out, the %isﬁ were

" held in 200 litre, oval fibfeglass tanks, each having a

L]

continually renewed water supply} The. temperature of the
‘water was mainpained at 10 # 0.5°C‘and a“12:hour photb-'

7 perigﬂ; identical to the one used in the experiments, was
# )

[ 1

controlled by a time-switch. The fish were fed an ad
]ibi}um ration of Ewos Trout Chow No. 3 on a daily basis
throughouf the holding period, which lasted 2 - 4 weeks.

The fish weré apparently healthy and very few mortalities

were -observed. - ‘ ) . .
L4 B * -

3

2 .
¢ L] . ' N

o ‘w - APPARATUS

N

A

Test Tanks | o T o
A11 experimepts in this study of the effects of

&

o &
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.

cyanide on the gnonth of'rainbow trout fed «different

rations and‘an the rowth of trout of different s1zes, et
, W/ g / PR

. Rd .
were performgd on fish cont1nua11y sw1mm1ng aga1nst -
a current To ach1eve this, six annuJar qrowth chambers

equ1pped with. e]ectr1c motor driven paddlewheels produc1ng

currents rang1ng from 0 - 20.4cm-sec -

\

1972). Each 90 litre fibreglass tank was circular in "

shape having a diameter of. about 102cm., a depth- of

" 21cm. and a width of‘23cm. To prevent the fish fnomiﬁump-

in;~zﬁt, the top of each tank was covered with fibreglass ~ .

mosquito screening.' Manostat-predictability flowmeters,
“ L ) ' ) 'A‘
(Manostat Corp., New York; N.Y.), maintained a constant
» ] -

flow of water into each tank at 1000m]-min” For the C

“largest group of fish employed, 1.8 litres of test wateér.

per gram. of fish penfdathas provfded with 96%\ré51acemenf'>'

I

occurr1ng in 3.5 hours, thus meet1ng the 11m1ts recommended

3

by Sprague (1973). The stock solut1ons of cyan1de were

N

metered into.the growth chambers u51ng a Manostat Cassette

Pump (Manostat Corp , New York N Y') Two shock. rings in. .

each tank, producwng a current of 3 15 volts AC, served to’

prevent the fish from restwng beh1nd-%he standp1pe and to

§
discourage them from drifting with the current.

entire assemb]y, 111ustrated in F1gures 1 and 2 wa (covered

'

~

completely w1th b]ack plastic sheeting to minimize

were used (Kruzynski,

\N‘;'

.-y
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‘Phatograph of *the exﬁerimental assembly
showing four of the six annular growth
«chambers used to continuously expose
juvenile rainbow trout to hydrogen
cyanide wh1ch was metered into the tanks
from the stock solutions us1ng a per—
,1sta1t1c pump.
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sFigure 2. Photograph ofibne annular growth chamber

. in which juvenile rainbow trout were
, "held, swimming against a constant water
- - velocity while being continuously ex-
posed to hydrogen cyanide. —
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Water Supply.

a

4

¢‘1

of water at 10 ¥ 0,59 C, avﬁH]ab]e '

'

3

throughout th

‘)’Yr
year, was used in aﬁl five experlments

L A CQnSZant supp]y

Charcoal filters dech]or1nated the water frg: the C1ty
. of Montrea] and p]ast1c (PVC) piping delxvered it to the ~~§
exper1menta1 dpparatus. . .- . . U \.
. | 3 The chemfstry of the water during the exp°r1menta1
1per1od, presented in Table 1, was obta1ned from g:e C1ty ’Q. .

Y

-

of Mbntrea] Pub]ic WOrks Department. J

.Table 1:  Chemical analysis of treated water for ;heltity ;

of Moﬁtrea] from Janu%fx,1975 to January 1976.

e

-~

o

Tota]~

GOZ

o Alkalinity

I3
]

. m& '.‘

' CaéO3 Hatrdness
Amg-17T) (mg-1"") (mg\'l‘%)

126 0.5

L. - 86 7.9,

‘With a .decrease in pH there .is a consequen% increase . o i
‘TX the toxic form of free cyanide, hydrocyanic acid (HCN). |
Jones (1964.. QIB]) cites evidence that in a pH range of 7.4 T

\ - %
-to|8.0 that at Jeast 93% of the free cyanide would be in /
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12

|

tthformiofnundissociated-HCN Hence, in these exper}ments
with a pH of 7.9, the fish were exposed almost ent1rely td

hydrocydnic acid. . LI :

3

1sso]veg\3}ygen concentrat1ons in the growth
chamberns, determpined "by the W1nk1er Method - Az1de Mod- -
ification (Standard Me{hﬂgif 1971), ranged from 8.1 to

10.7mg-1'] or an average of.BQ%.saturat1on.

' -

E

‘|

1

METHODSY
Diet_-l ‘
| The diet used in adl f%ve'experimepts was Hgy
pelleted formuia, Ewos,TrJut Chow No. 3. It was screened

through a U,S. Standard Sieve (ASTM E:11 Mesh No. 50), to

remove the powdered food that the fish would be unable to

: . .
‘consume. The food was then dried in an oven at 7D°C.for >

1 week to eli ate the water content, prior to being stored

h U .
in sealed QPntainers. The components of the diet are

listed below: : . o )

“Protein 49.59 %

Fat ' 9.7 o
Carbohydrate 28.3

Ash 9.7 . Lo

» Fibre s 2.8'

Hand11ng of Fish’

In this study of tbs effects of cyanlide on the

growth of .rainbow trout fed d1fferent rations and on‘
{ ' .




1
\ methane su]phonate) blotting them dry and we1gh1;7 each

rd
?
) S : .

. . | o R F

H -
.

A

7

different .sizes of réinbow trout, each of the five exper-
1ments'was.20 days in length. . .
. _ "

In preparation for an experiment, the trout Were”

selected on the bas15\cuiwet we1ght, aft@r anesthet1zing

‘ ihem in a sc]u{1on containimg 20mg-1 -1 MS 222 (tr1ca1ne

[}

individual to the nearest hundyedth of a gram.  They were
. B <

thé; introduced into each of the sixrtest tanks,/37 fishﬁf
.tank, J;1ng a table of random numbers, and held for 2 weeks
on a ratlon of 2. 0% day” -1 before Experiments 1 2 and 3. .
/For exper1ments 4 and 5, they were accP1mat1zed to th; test
cond1t1ons at~a ration of 1.0%-day 0; y 30 fish/tank
.werg fo be used in the experiment but additional fish were
?equired to pccbunt for any mortality that might ogcug
during the holding per®od and also so that a pre-experi- ;
mental’samp1e could be taken ' '

‘AThe f15h®were then starved for 24 hours.at the end

of the.holding periad, removed, anesthetifed with MS 222,
weighed and ind{viddally marked with 1iquid nitrogen using
ﬂlthe meth&d/of M1ghe]1 (1969) before befng returned to their

respective’ tanks A group of fish raqdom]y selected and
fsacrificed, served as a pre-experimental sample and was
‘frozen for later analysis of body constituents. The stock

cyanide solutions, made up as described by Leduc (}966),
_were metered into 3 of the 6 growth chambers the next day,

manking the beginning of the experiment. Each control and

i

|
.

14
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. t 2 . .
was th%n stored in agseparate sealed containervwrior to a

Afo a Qéhour reflux disti]]ation. . o é

. AN - o -
eyanide-exposed, group of fish was fed a daily restricted 4

ration expressed as percent dry weight of food/wet weight" ) '

!

of fish. The trout were stérved for a period of 24 hours
) N
before -each weighing. On. day 10, the fish were removed,

anesthetized and weighéd gs previously Qescribed,_returned‘ , L
“to their‘respective'tanks and had their ration levels S

. ¢ M \‘
The experiment was terminated on .

adjusted accordingly.

day‘ﬁﬂfwhereupon_%he fish were removed, weighed and sac-

——

rificed. Théy were then placed in a drying oven, alony’

~ .
with the pre-experimental sample, for 7 days at ZOOC in ... }
" ’ (.
order to determine the wet weight dry weight patios.

The members of each group were subsequently pooled Is
: 4 i
together and ground up in a Waring blender; each sample

'R

fat content determinagioﬁ being carried out using a Gold-

L4 o

fisch Fat Extraftor (Model (35003). Ether wd?gused as a

. ¥ )
solvent on a 2.0g sample of dry whole fish tissue subjected

N -~

Routine daily maintenance consisted of cleaning the i
tanks pripr to feeding, as well as'monitOhing gpe diluent ° ~
\Water and cyanide, flow rates. Dissolved oxygen dqtermina-

tions using the Winkler Method - Azide Modification
. ' ] ¢ I
[~ . . ' .
tStaﬁdard Methods, 19]1) Were carried out on a daily bas1§.
f
Cyanide-determinations were done on, alternate days using

n

Ehstein's colorimetric method (Standard Methods, 1971) in

~

Experiment 1 and the method of Lambert et al. (1975) in .




iz

by more than 5% f}pm the.predicted'ones.

L2

ﬂ]1 experiments had been planned Ep

. . ‘
- o . .
. - , \

A
t\ N ' . . »

[ . , .

. . .

H , ¢
i . <

oo . - ’, \ '.
subsequent experiments. 'The observed'values neyer varied

)s . not noticed until the éxperiment was ovhr that due to an
E ‘ ;rror in calculations the cyap1de concentratwon used was
0.013mg-171 HCN instead of 0. olomg-1°1 HEN. A Tist of
= cond1t1ons under whlch each experlmé;t was ‘conducted 1s

] . . presented in Tab]e 2. (, e

at O.O‘IOrng'l"1 HCN.. Unfortunately, in Experjiment l,‘dt was
2

A
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o
Experimental (Design - - -

<)
:This study was 1n1tia]1y planned to measure the .

effect of cyan1de on the food ma1ntenance requirement of

- .
raznbow trout held 1n sw1mm1ng chambers while be1ng feéi?

dlfferent rations of.food. .In Exper1mentsn1, 2 and 3¥. ) '\\\\

conddbtea with a currentof L2.]cm-sec'], the initial e
average wet weights of the fish were 18.92, 8‘01 and

7.89¢ respect1ve1y.’ Each pa1r of contro] andﬂgyan1de—
i Fa Lo

N
' exposed fish was fed a different rat1oh, the rathons

being 0.5, 1.0 and 1.5%-day;] inqthehfirst experiment

AN

and. 0.0, 1.0 and 2.0%-d%y'] in Exneriments 2 "and 3. The

AN e )
pre- e&per1henta] samp]es in each of these experiments -
Lcons1steﬁ of 20 trout o . . . ™ -
’ -

ﬁ@i

o

- - Upon amalys1§ OT the~resufts obiafhed in Experiments
1, 2 and 3 there seemed ‘to be a cyanide size-reldted effect.
To ascertain this, tJB approaches were taken; one was to

measure the effectiof activity®on uniform size fish while

. o

\
the other~wak to measure gii effect of the\1h\¢1a1 size at,
& determ1ne whether the toxicity

a un1form swimming speed

of cyanqde could. be modified by the act1v1ty of the f1sh

. <

three d1fferent swimming speeds of 6.7, 12.1 and fb 4cm sec
4

b11shed and tested in Exper1ment 4. The ratwon‘
-1

-1
were esta

level of each group was 1.0%- day” ' and ‘the 1nTt1a1 average

~

wet weight oféthe fwsh‘ﬁgs 11. 44g Thé,pre-exper1menta]

[N

. sample was compr1sed of 3 groups of 10 fiéh randomly taken

from tanks haZi:g the same current ve]oc1ty

° ’l

& N



! o ‘ -
i ) The effect of initial size on the toxicity of . o
< . ”"; L ;:hronic c.):am'de p_()i'soniﬁg was: t‘els;.ted in Exp:eri'me_nt 5 o‘n~ ' ‘ ‘fb_ ;
‘ ) ‘ 'Ig”rc{ups of fish héving.in“'itial average wet weightsc of ]
g : ' 5.67, 16.46 and 27.23g. A1l test groups swam against a o 4 -
‘$ _ cur;‘gnt of 12.]cm'sec'], a: in Experiments 1, 2 a’nd 3 . ?
s —'and were given a ration of 1.0%-day”). Each size group . .. .
\\_ had 10 randomly selected fish as’a pre-experimental sample. - .

- . . M +

he
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’ RESULTS

The fish held their position in ti: currept and
o . .

readily accepted the test diet during. the acclimation

mé}iod.‘ No difference in behaviour between the control’

and cyanide-exposed fish was dihcernab]i in any of the
? . .

growth chambers after the ‘introduction of cyanide.

: " The formula for Averade Relative Growth Rate was

used to determine the changes in wet, dry and fat weight of

. the test fish in each 20-ddy experiment since Warren (1971.

p.139) has indicated it to be appropriate when measuring the
growph of an animal over a short period of time..‘The results
were calculated with the formula given below, from the

individual data obtained from each individuglly,marked fish.

Wo-Wjy
L B CIT P 1 E 220 ‘
~ : i
Where ‘ ’ ) ' . ’
GR = AVErage Relative Groyth Rate (mg- g'] day'z) '
Wp-Wj = Change 'in weight from day 0 to'day 20 (mg) +'-'°
0. 5(W1+W57‘- Average weight over 20-day interval (g) RS

(t2 t1) = Sampling interval (20 days) ’ -
Y X .

Effects of different ratwons

The average re]at1ve growth rates based on wet

weight changes in Experiments 1, 2 and 3 are g1ven in

. Table 3 and illustrated in Figure 3. They indicate.that.

in Experiment 1 the 18§ fish exposed to a concentration of

’ s
.« -




- S FodP - a o . - - . . R e e A e o - o
=, £ : " el bt T 4 el .c:l.l b aaidad - 1 - N
. . . - ) . - . . ya : ol
" 7 : L . ) T : iy :
[ ] Pl : ’ > - . ' s
o~ L. . - , , . ¢
o < .~ 3 «u - , « o . . _ o - .
.o - ‘ . T ’ ) . . 100;0 >d xus . _
] . . . - A0°0>d 4 S
ia . > N . . . .. . §0°0 >d
- .. . . .. A . ) ‘ ‘ ~ -
! . - 12 €2 %oo.n— 60.0L 6L°6 - 18°L 02 010°0 . .-
o, : 922 06°2L . L6°6 09°6 WL -, 02° 000°0
.- 2670~ TN Y 0°s 8L°E - 0.°8 §6°L 0L 0i0°0
. - . "or-ot , 08°¢t . gL' 918 19°L .0l 000°0 4 .
i . »82°2 ) . ottte- . L2 EL- 88" 6= SL°9 €28 0°0 010°0
il 3 T €8°8l- . 8- LL- 06°8- - 08°9 8°L 0°0 ‘ 000°0 €
. 2 . . . . ;
. . ! . . .0 .
- S ’ SL°9l oL . 8L°9 SL°6 00°8 02 010°0 s y !
! . - . w6l ee ol , ££°8 "6 88°L 02 000°0 -
N Lot~ #29°6 . 06° v * tg°eg - £8°8 80°8 . oL . 0l0°0
- %) 09°2 . LE2 ;L8 . oy°8 0L 0000 !
C Le°l 0s°12- L 58°6- %9 i8°L o.f 010°0 ‘ v |
- 20°22- 8-2L- Lo6- 9 20°8 - 0 . 00070 4 !
'Y - N N - \v\
_ ’ »9296°G - ' 9L°61~ 02 L~ e /wm; ) 29°81 D6°LL | £10°6- »
. - 0€°2 98°L GE°8 6¥-22 60°61 51 -000°0 \ ~
w62’V ol Lo 08°1 £5°61 50°61 f\v 01 €10°0 -
- - i 6L°2 ) 69°9 819 LL°€e 1v°02 0l 000°0 | , :
»0L°E 10" 02~ ~ T LETE- . . ¢E0- 6¥°8L 8e°8lL S°0 €070
B - 69°L - . ES°0 . 96010 LE61 £9°81 S0 . 000°0 L,
: U (aubem ) C( Aep. 150 (j-Aep-, 6-Bwy  (|-Aep. I G {6) 1-fep % (j-1-Bu) o cadxg L
dnodg ' (uajuog 3ed). T:Bo £4q) 7753 I9M)  3JyBLaN 39 4B oM 33N uoj3ey uo) 3pjued) ‘
. P33 }1X01~3p LuRA) SA ANV yiImoag ; N yImody < 3JWY YIModg ubdy |Ruid ueady Le}3pul
LOJ43U0) 30 YIMOJY dALIRLIY BeAIAY - A8 IbRUIAY ALy abeaaay - .
; 40 uosjapdwo) : ’ : n ’ .
8 % 403 anjep 4, L « - - - \
~ o ‘) o0l 3¢ JIJeM vo:u:u._ K{SNONU|IUGS U} ;.09S.U0 |*2] JO JuUARD ® jsujebu Bujumims L jYm SUOLIW JO SI|JIIS ® U0 Py u
pue IPLuRAd 4O SUOLIRIIUIDUCD SNOJJRA 03 wonx_xo umo..nu MOqU 04 wo JUILOD 8} pur SIYS|OM AP PUR JIM UO PISEQ SIIRY YIMOUH ALJeidy abeaaay ¢ IlqeL -
’ - - ) - \ '
vua - . i
, o.!n 0 _ N
»* -
N - i
! ‘ :
m ? : i
; .

et e 7 T T T
.




\t\. - v - A:\n«.M& e !%ls“ﬁll»ﬂhﬂ”%nj e Lr4
u./// « .w . . . N * A'n v, ) -
! *uysi4 pasodxa-sprLuedd ncm woxucogamcpgmasou ‘100l um L-28s- EUF/mF wo ~ 7 -
- u:m;;:u e jsutebe Huiuwuwims 811YM paALI3L suoLjeRd poojr Aptep 843
- “pue 3n0a3 moqulLed m_~=w>=n Bg pue g| JO sabueyo 3ybiam 33m uo
. ummaa mumm yimoun ¢>Fum—ux mmmLo>< 9Y3 uaamyaqg apzmcoﬁum_m; ayy ‘¢ m;:mwmu
e . . .
L (,-Ava: Ew_.ui Lam .§ NOtLVY. « %
- _ ; S . )
0¢ Sl o_ S0 T o I /.@d el ol -G0 0 - s
o T - T 48 T 1 _ Jr- 2
, NOH Bm—m - 2 .. e 3
; = o1u0d [} . . - >
‘ " / : ! “,_UI . 4 oi- T NOH @-@ .. 0 o
: e ) ’ . ool ' O—) - . m
. - v]03U0d P—§7 g- , , 3 —dg- o
. - ’ ) w- - ' ) \ - — e - hnl.-.._ ‘
. - . 9 mu
, . . ¢' — ' v- n%. ..'tl Mw—
. L 2- Na mw
- 10 - 710 M
| ¢ 2 12 o
. -t \.Ll H
. & e .a
, _ v -
N w lw llm
: 8 18 .3
o o1 o1 .
- . | \ a
a . S A IR
. vl , Pl =
T . ~ b e . . 2
) NIVO LHO9IGMm 13Im .
- . - B y . .
e e B - : .
- . .l.l.l\,l/ - ...o . ., "

«
£ e a ety ity At R ey




-

e AP e s
. AN

.
' .

i

0.013mg-1'] HCN suffered a severe reduction in growth rate

relative to the controls, the effect becoming probreSSjvely Ve

more prénounced'wﬁtﬁ‘each increasing rarion. In Experiments
2 and 3 however, the résults.wece quite; different as there

was no obvious effect‘of cyanide Using 8g trout subJected

" to 0. 0]0mg 1 -1 HCN, it was found that the cyan1de exposed

\
f1sh in both exper1ments at the zero feed1nq level exhibited

a greater.we1ght loss than the controls. At the 1.0, and 2- 0

)

percent feeding 1EVels, the efﬁect of cyanide on growth was

unclear. In some cases the cyanide-toxified fish grew

better, in.others;, they grew less than the controls.

The results of Student's t - tests, used in gach of
Exper1ment 1, 2 and 3 to statistically compare the control

and cyanwde po1soned f1sh at each rat1on 1eve1 are presented

~

“in Tab]e 3. In Exper1ment 1 there was a hlthy s1gn1f1cant .

dif?erence between the contol and cyan1de-exposed fish at’

_every feeding régime tested, confirmina the deleterious
effect of cyanide on wet weight gain. T,
At the 0.0%-day”' feeding level, a significant .

difference between the control and toxifi d groups was

l

ne1ther experlment at the 1.0%- day ] rat1

'

demonstrated‘in Expeniment 3, but not 1n Expe;iment 2. In
n level was

there a s1gn1f1cant d1fference between the control and
cyan1de—exposed trout No t -Rtests Were conducted for e///\,
trol

l

those fish rece1v1ng a ration of 2. 0% day swnce the con

and cyan1de tox1f1ed trout 1n Emper1ment 3 snp ed near1y
* ‘ . I

,.

[UEp 2




g

-

7

exhibd ted ggéxter Leéses in dry weight than wet weight

©osimilav,

. 3 was’_there a 51gn3f1cant difference between the control @nd

“and are -given in Tthe 3 and. 111ustrated in F1gure 4. .

control fish had dry weight\@rowth.rates similar to their . o

"respectiveé wet weight growth rates indicating a true

" at corresponding feeding levels, had taken up water thereby

‘tyanfde-¢oxif{ed fi§h'at the 0.0%-day']

® ’ ' :
;1dent1ba1 grqrth ratq& wh1le those in Exper1ment 2 were ’ )
<,

Hence, only at the starvat1on ration in Experiment

cyanide-poisoned fish. ~ ; : |

’ . . »

' It is important when‘aésessing the growth” of fish , o »

.to measure dry weight changes as wé]]_as those of wet weight,

Becéu5e the water content of the fish can ghange over time o

~and thus obscure the true rate of growth. Hence, the averagé .
¢ v

re]at1f§ growth rates -based on dry weight were calculated

/ . ,
o Both tﬁe control and cyanide- gxposed trout 1n . J
Experiment 1 receiving the smallest ration of 0.5%-day ], o

showed 1ower dry weight than wet weight growth rates indicat-

ing an increase in: water content. The controfs barely -
ga1ned anyadry we1ght wh11e the tox1f1ed group suffered a
&

drastic loss. At 1.0 and 1.5'nercent-feed1ng.1evels, the

» -

e]d&o}ation of tissue whereas the.cyanide-poisoned fish,

) e . .
;educing*tﬁéﬁr growth rates and fu;ﬁhgr magnifying the
-dispafity in growth between the two}jroupé.

In Experiments 2 and> 3, both the control and

ration level

reflecting an increase in water content during the course

“ £y
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of the queriment. The cyanide-exposed groups in both ca$es

lTost more weight than the controls, confirming the similar
\ ' ]

e}fect of éyanide previously observed .on wet weight (See

) , t

Figure 3).
g3 the'1:0%~day'1,feedfng level, the controls

» experienced dry weight gains similar to their wet weight

"

! o . .
changes whereg;,thq/iespeq}ive cyanide-exposed groups had
higher J?} weight growth rates, indicating a loss of water

associated with an accelerated growth rate. The fish
1

receiving a\}af§on of 2.0%-day ' showed dry weight growth

rates greater than those based on wet weight indicating a
reduction in water content. In Exberiment 2, the control

group grew better lhan'thé cyanide-poisoned fish whiJe in ‘L
Experiment 3, the control and toxified groups qre@ at thé
same rate thereby shpporting the‘?indings of @he wet weight
-analysis. - ' . | '
i Because the nutritional well-being of a fishlis'
creflected by its fat contert, the change§ in fat were

-

 computed and are presented in Table 3 and Figure 5. In
the first experiment, it can be seen that at the 0.5%-day”!
feeding regime, the cyanide-exposed fish suffered a loss
in fat content nearﬂy 3 times that of the controls. At
khe 1.0 and 1.5 percent ration levels, the controls gained
small similar amounts of fat while the'respeFtive toxified

* groups lost substantial amounts.

In Experiments 2 and 3, both the contrbl and cyanide- -

4 - LT
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poisoned trout at each ration level showed similar changes

in fat content. However, it is interesting to note that at
T~

the 1.0%- day'] feeding Tevel. that both the contro] and

hyanwde exposed fish in all % experiments exh1b1ted ga1ns

inNdry weight that were approximately the same, except for
. L

the 189,cyan1de-toxified group in Experiment 1. Ye; the

-~

8g'fish were ‘adding considerably more fat that the 18g ones.

‘\ . §

- . Effects of'cygnide on the food maintenance requirement

~

-
<

_ O e i h i .

The average relative growth rates of Experiments 1,

2 and 3 based on wet, dry and fat weight gains of rainbow

- ‘trout swimming against a current of i2.1cm-set”]

L 4

. illustrated in Figures 3, 4 and 5 were used)to est1mate food

s graph1ca11y

maintenance requirement (the amount of food required for a
fish to neither gdin nor lose weight). This is achieved by s
| reading from the graph of‘?rowth ;ate vs. ration, the ration
é . " corresponding to the point of zero growth. _
- j ’ From thé wet weight growth.vates in FiQUfé 3,“it is -
v apparent Lhdt cyanidélhas increased the food maintenance
» . requirement of the 18g trout squeEfed to 0.0l3mg-1”] HCN
in Experiment 1 from about 0.45 %or the controls tp 0.60%-day']
for the toxified group. ‘However; for the 8g fish subjected
. _to 0.010mg-1'l HCN in'Experimeﬁts 2 an 3, the food main- )

" tenance requirements was the same, 0:65%-day"], for both

the control and cyanide-poisoned gﬁhups.

The growth rates based on dry weight depicted in
4 : . '




[N

g
= ety s e ETOPELTIIINBLI AR (0 sy i

e e e

PO

ment 1 'had taken up water, resulting in lTower growth rates.
r

Effects of activity .

”~

Figure 4 revealed that the qyanidg-thified fis\h in E){peri_

Consequently, the food mai/ntenance requirement was increas-

ed 2 - 3 times the control level of 0.50%-day"'. For the

\a
controls and cyanide-exposed fish in Experiments -2 and 3,

the amount of food necessary-to maintain themselves at

1, the same as

zero growth'was determined to be 0.65%-day"
that found under wet weight analysis.

From Figure 5 it xan be seen that a ration of

’ 0.95%'da_y'] was necessary to maintain a zero growth rate

with regard .to fat cont;ent for.the 189 controls, almost

double that based-on wet and dry weiaht. The cyanide- n
poisoned fish suffered reductions in fat levels at all

rations tested meking it impossible for them to'maintainaa.

fat maintenance level. }In Experiments .2 and 3, -both the

con trol and‘ toxified gr‘o,ups had a food maintenance requjre-

ment based on fat content of 0‘.6‘5%-day‘], the same as that

A
. |

determined ‘for wet and dry weight.

The results of Experimenfs 1, 2 and 3 show'clearly
that thé 18g trout were ady'erse]y affect@ed wi‘th respect to
growth rate ip the‘lpresencé of cyanide whereas the 8g trout
were not,i;except perhaps at the zero feeding level. Part
of the increased toxici;y experienced by the larger trout

could be due to the\,s]ig'h'tly'- higher concentration of cyanideé

[ I

. .
: .
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.
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.to which they weére exposed, but it is doubtful that this

goy]d explain the large difference in response between the
. . .

two groups. Instead, a'size effect was susﬁected. At a

uniform swimming speed OF 12.1cm-5gc"1

the smaller fish
|6had to expend more energy for swimming than the larger

ones. Hence, it was postulated that the higher relative

activity and metabolic-rate of the smaller trout could be
) ° .
responsible for overcoming the tgxic action of cyanide.

-
}

The results of one experiment using uniform size trout,’

iiasen

of about 119,'exposed to a concentration of cyanide of

0.0lOmg-]'] HCN and"swimming at 3 different current speeds
-1 ‘

of 6.7, 1%.1 and %§.4cm-sec are given in Table 4.° On 9 S
the basis of wet weight gain, the control and cyanide-
‘toxified fish displayed almost identical growth rates at

the 6.7 and JZ.]cm:sec']

current velocities while at
20.4cm-sec'] the cyanide-poisoned trout were stimulated to ) .
grow more than the controls. A statistical analysis by ) }

means of Student's t - tests confirmed the lack of any

‘difference between the control and toxifigd groups at .

etther 6.7 of 1211cm'sec'] but'did sypport ?he significant]y i
faster growth of the cyanide-exposed fish at 20.4cm-séc']. o , g

The smé]] degrease‘inﬂdry wefghg g}owth rate for %
the“contro]s at 6.7cm-secf1 reflected a marginal increase '
nin\ﬁater content. Theé corresponding cyanide-poisoned fish

exhibited a nearly: 1dent1cal growth rate based on dry wé1ght -

\"

!

as that based on wet we1ght, "thus ma tanp*ng the same -

~

L3
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[
water 1®vel throughout the-experiment. Both the control and

cyanide-gxposed trout at the inte?mediate swimming speed

°

showed a decrease in water content as was indicated by the

11ght1y higher dry wefght growth rates. Similarly, at

‘20 4cm-sec ], the contro] and c?an1de toxified groups had
o

-
substant1ally 1ncreased their respect1we dry weight arowth

’ rate§, the-latter having grown nearly 1.5 times mbre than
~ . y ‘

,the former.

L4

Cons?qering fat‘gain, the fish subjected to cyanide

: ‘ , . _
at the Jowest velocity ‘increased their 1ipid content slightly

" more’ than the controls while both the control and toxified

’ 6c . -

-1 added fat'at the same rate.

groups swimming at 12.1cm*sec
At the: h1ghest ve]oc1ty tésted the cyan1de poisoned fish 1n-

d,f

»°
H

Zcreased their fat iontent tw1ce as much as tge‘controls d1d.

. 3 i )
Effbct of 1n1t1a1 size on wet and dry weight ga1n . ' \\

- - The resu]ts of Experiment -4 caﬁfTrmed thaseg of

3

‘Exper1ments 2 and 3, that“cyan1de had little effect on thg
inhibition of growth of 11¢g trout at Tow levels  of activity., °

The highest level of act1v1ty accompan1ed by the highest ) .
metabol1c rate d1d however accelerate the growth of the fish
‘subJected to cyan1de, ;uggest1ng that it was possib]e to o -
inf]uence the tox1c1ty of cyanlgg by "altering the metabolic
rate It was thought then that the tremendous d1fference in
response observed between Exper1ments 1 and 2 and 3 was

_Jargely due to the\dxfference in metabo]1c rate between thd

. |
§> L ST B
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8 and 18g trout. Tpe hypotheské was put forward that since
the weight specific metabolic,rate of smaller fish is higher
than thag of larger fish (wihberg, 1956),‘th::'the smaller
f%shrWOu1d Ee‘%b1e to overcome cyanide poisoning and é}ow as
.~well as or better than the contrb]s whereas fhe fargek fish
~ -could mot and consequently @ou]& show a reduction in growth
when compared to the controls. In order to test in a more
systematic manner tgz\hypothesis of a size—refated response
to cyanide, three different weight classes of trout of abouf
5,~4E\§vd 279 were exposed to 0.010mg-1'] HCN, fed a ration

1 1

{of 1.0%-day”' and held in a current of 12.1cm-sec ', the

‘. same as that used in Experiments 1, 2 and 3.

The results of Experiment g’based,on chahges in wet
and dry weights as well as in fat antent are presented 'in
Table 5. The wet weight average YeTative growth rates in-
dicate that the 59 cyanide-poisonped- fish grew‘fa§tef-than

e L W
the controls whereas both the 16 and 27g controls grew better

. . AN - .
/°than their respgective toxified groups. Student's t - tests,
\ * Y

2 carried%qut on the data for each size group, revealed that

‘a statistical y significant’ﬂifference between the control .
. N— . a
and cya zfxposedsfish existed only for the largest group -

1

of trout. ,
\ e A

N \Ihe dry weight gains‘of both the control and\qyanid%-

Pl

‘(', poisoned groups were slightly hiﬁher than those for wet
. DN T i

A

weight; the/\]Jatter being more affected tha¥ the former,
. . . {

\,

. . . = 0 A . : s
1nd1cd&1ng‘a decrease 1Q.wa0br content associated wathkthe
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accelerated growth rate. The dry weight growfh‘?ates of

the 16 and 27g controls were about the same as those based.
on wet weight indicatiqgﬂtrue growth whereas the correspond-
iﬁg toxified groups hg& lower growth rates b{sed an dry
weight than wet weight, reflecting an uptake of water.

The cyani&eiexposed fisH in the smallest size class
increased their fét content tw{ce'as mugh -as thetrespecti;ar
conéro] group. A]though the 169 controls éxgerienced a loss
of fat, the cyanide-poisoned fish lost 5 times as much fat.
Similarly, for the largest weight c]gss tested,’the controls
Jost a small amount of fat while the cyanide-toxified fish

lost 13 times as much. ., . ‘

The hypothesis that larger trout would be ﬁore
seriously affected'by cyanide poisdning than smaller ones
was supported by the data of Experiment 5. It is also in-
teresting to note that theéé results agreed well with those
obtained in thé previoug experiments carried out under
simiiar conditions, (1.0%-day'] of food, a current of

1

12.7cm-sec” ' and 0.0]Omg-1'] HCN)." It appeared that very

small fish would be stimulated to grow by cyanide, the effect

-~ v

diminishing with increasing size until a size was reached
where growth was actually inhibited, the inhibition becom-
ing progressively more pronounced with increa;@ng-size.

| The metabolic rate of fish is related to size

A

(Ninbérgt 1956),‘ipd this relation is described by the

following allometric formula (Bertalanffy, 1957):

S e L e st

A e A———— - 0

i~




.

'fed a ration ¢/f 1.0%-day

" comparable being 0.013mg-1']‘HCN instead of 0.01mg~]”] HCN

’ ) / . l\., Ve ‘
. ] . ‘
v = axb | « :

Where: Y = metabolic,wéte per unit time
: s j -

X = body size Kwéight) R
’ Jra = Y - inteédept A

. b = weighf exponent aﬁd_ijbpe ) <
This formula may be rewritten in,the following way:

43

NG _ 1og Y. =‘1‘og atb log X
He‘nce,. if metabgﬂic rate is plotted against body weight on
log - 1og‘axes, a straight line Ss formed, the slope of
which is b Since §rowth rafe'ﬁs one way to measure metabolic

rate, it was decided to'plot on log - 1og axes the ab o]ute
! .

wet and dry we1g t ga1ns of each individual fish aga nst 1ts
g

initial wet we1qht to compare the linear relation df contro]

and cyan1de gisoned f1sh ranging in size from 5 to 27g and

-1 while swimming against a current

-1

of 12.1cm-sec ﬁsing the data obtained through Experiﬁénts

2, 3, 4 and 5. The data of Experiment 1 were not used for

‘ this ahalysis because the cyanide concentration was not

in the following experiments.

)
+ —

In ofder to test the validity of th 'logarithmic

‘transformat}gp of the data and its linear regression,

Bartlett's test for the homogeneity of variance was carried

out on both raw and log transformed data QBret@ and Glass,
\ M

1973). This test was used to compare the variances of both

wet and dry weight gains of five weight classes within egch

1/) .

W
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and appears to be-a progress1ve1y 1ncreas1ng,funct1oncof =T
« .

-on dry weight gains. Both pairs show the growth response

‘bf the controL/and cyanide exposed groups oF f1sh and is : : . i

presented in Tab]e 6. For the untransformed data of both

the wet and- dry We1ght ga1ns, the variance is not homogeneous
body weight. ' For the log transformed data, the vérimnge“
among weignt groups is homogeneous for the wet weight

gain of the cyan1de-po1soned fish on]y, Homogene1ty of
veriance is not ihdiceted.for the oth%b Tog. transformed

data because the X% s tgo large, .However, forlthese other
gnoups,/the data gaq‘be;consjdered to have homobeneous. . ';°;;
variance. on the basis thet the 52 values apBear to be )
randpm]y d1str1ﬂuted and because the computedova1ues of .
X2 are not much greater than that requ1red at the 5% 1eve1 ) . j

of significance. Hence, the log. transformation of these °

data_and subsequent least squares regress1on is deemed ' "

-

)

appropr1ate v \ '

There are two pairs of regression 1ings illustrated

o

in Figure 6; one pair is based on wet'weight gains; the other
. b _ .

of the control and cyan}?e-toxified trout oueh a wet weight
range of from 5 tor2]gl .The slope of eaoh 19ne denotes the
rate of change of growth with siie. Eor those lines deriv.-
ed from wet weight‘gains, the slope ot the-oontron is 1.32
while ‘that of the cyanide-exposed fish is 1.0%,. On the basis
of dry weight gains,‘the contnols,have Q s]ope of 1.12 and o P

( A
4 , ) oo P
(he.toxified*group a slope of 0.67.. It is-important to note

—
4 L

[P
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Taﬂe 6. Results _of Bartlett's test for homogeneity of.variance.
“ )

°% Data are given for control and cyanide-exposed rainbow trout, by
weight class, and for raw and logarithmically transformed qrowth
data expressed as wet and dry weight gain. The number of observa-
tions (n) is equal to the numBer of fish tested. The asterisk (*)
. indicates homogeneous vartance at the 5% level of significance for
M the appropriate df. ° «
5 ‘ .
o ‘ i 2 2
, Weight class Mean gain - 8 Log mean gain o $ n
, () (9) e
o ) )
“Control 5.56 0.6534 . 0.4024 0.1204 0.0475 29
‘et weight 8.0 0.5105 0.3642 0.2848 0.1437 60
.gain - 11.59 1.3831 0.7759 0.0677 0.1369 29
" 16.92 2.5770 2.0327 0.3472 0.0821 30
g 26.86 4.6161 4,5414 0.6039 0.0666 28 -
i} df=4h df=4 -
x2284.79 x2x14.22
L ] .
H(?N & . 5.78 0.7983 0.2848 0.1459 g.1101 29
Wet weight 8.02 0.6634 0.4712 0.1338 0.0774 58
gain o 10.96 1.3052 0.5687 0.0879 0.0547 29
- ' 16.00 2.0221 2.8439 0.2107 0.1485 29
) . ¢ 27.60 3.6628 ° 4.0639 0.5014 0.0766 - 29
Q =
S, e G Q44 . . df=4
’ » Xc=86.47 ’ X2=8,59%
é
. Contrel 5.56 0.1586 0.0175 T.7233 0.1523 29
Dry weight. 8.01 0.1283 0.0198 0.7926 0.2122 -60
gain - . - 11,59 0.3441 0.0381 0.5212 0.1275 29
e ¥ ' 16.92 / 0.5500 0.0978 * U.3086 0.0953 30
v 26.86 8 0.9975 0.2249 0.0675 0.0751 28
" - df=4 df=4
? X2=83.20 X2= 11.95
HCN . 5.78 " 0.2103 0.0131 T.6443 0.0768 29
'Dry‘“ue;ght 8.02 0.2043 0.0275 T.7227 0.1562 58
gain’ ,o 10.96 0.3255 0.0273 T.5156 0.0830 29 .
- 16.00 0.374) 0.1316 T.4778 0.2623 29
e 27.60 0.6928 0.1933 U.2310¢ 0.1290 29
| o afz4 df=4
X2» 78,92 X2=14.49
<
e
) »
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Figure 6. Regression lines relating wet and dry

weight gains of control and cyanide-
exposed juvenile rainbow trout to
their initial wet weights\ranging
from 5 to 30g while swimTing against
a current of 12.lcmssec™

N,

at 109cC.
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that for 'both wet and dry weight gains the lines representing

the controls and the cyanide-poisoned fish cross each other. ; 1

| " | « MWhat-this means is that thg growth of the small fish is
- stimulated by the‘cyantde d?er that of the Eonéro] group, /
@hereas the growth of the large fish is depressed. For fish
% ) of 10 - 15g there is'ﬁo d{jference. It should be pointed pgt ;
r § that the Wef weight lines cross at an initial w?f!JZ?ght‘of . f
% N abofit 15g whereas the dry weight lines cross at about 10g.
2 This difference is due largely to a decrease in slope of the E
f line representing the toxified fish f;om 1.01 to 0.67
which was caused by the larger fish increasing yheir water {
i

- content while the smaller fish decreased their witer content i

thereby masking the true, rate of growth. . ' / " 1

The parameter values of the regression lines illustra-

e , ted in Figure 6 are presented in Table 7. The slepes of the

£

ines representing the control and cyanide-poisoned fish ' - N
were statistically compared on both a wet and dry weight gain

basis and in both cases, there was a significant difference."

The correlation coefficients measuring the strength of the

~

<:; ' association between weight gain and initial wet weight”wgre

v

B e T o it

highly significant based on both wet and dry weight gains of

a

f ' . the control and toxified groups. Howeyer,‘the‘felative]y
' . i~ ' [
low values of the correlation coefficients themselves reflect : 1
a considerable amount of variation in the growth response. .}

1

S ; The sources of variation are seweral. Differences in age,

sex z#d seagon, not taken into account in this analysis, may




o .
. e e ket e e e PR ... ¢
' \ . . - - ’ \ ' ¥
o , .
= ¢ ’ ’ . .
- ) ; b o
- . . L0000°0 >0 sa
\\ hd ma-cva L - .‘,
N . N : ’ .
) _ L : : _ RN
" 4 o . . \ . N "
. Ly
»»6E°0 L6°0>/9°C>¥%"0 *»[9°0 X 6ol £9°0 t s2°L-"= A Bo} (-3Im £4q) Ll
»EL°€ N ) .. : _NJH .
S »¢BS°0 9E° 1>21° 1>68°0 w2l X 6oL 211 4+ 0L°1- = A Boj ("Im Kag)
, . 1043U03.. ~
\ 29970 61°1>10"1>€8°0 »2l0°L X 6oL (0"t + 86°0- = A b0} (-3m 33n) . .
#91°¢€ . . , e .
¥»69°0 2§ L>ZEI>LLL «x2€°1 X bot 2¢°L + 2e°1- = & Boy . (-Im 3am) L
X i . ) . . 1043U0) .
sado|s’ J831213490) - 3UdL214490) JUdLILS490) . , uoizendb3 ) ) -
. ‘uaamyag uol3e|aJsuao) uoLssaabay uoissaabay | ’ L
CETENLYFEY I 404 szpuwpy . . oL
340 353} 22UBPL4U0T %56 ' . i o
- i : 7
, sujeb Jyb6ram Lu4p pue -
39M jJO RIPP Y3 jO uoljewaoysuevsy Ho(-60f 3yl uo pasvVg SIUL]| UDLSS34B3L JO SIN|RA J3}3WeURY L ®lqe} . '
- - . ! .
. /s
L)
T

I N s




have contributed as well as genetic differences both with- . .

in and among groups of fish.
\

Effect of initiaj size on fat gain | s !

7 . Figurg 7 shows’gains or losses of fat in the control %
and cyaniae—exposed fish used i% the regression analysis. A
‘semi—lpg piot of average relative growth rate vs initial '

wet weight was used instead of a log - log graph because of

L

3 .

| the. presence of negative values of fat changes. 3
{§ R . [N

|

The curve for control fish showé that the smai]

~

individuals increasinly gained fat up to a siZe of about 11g

whereas the bigger ones lost fat just maintaining themselves , :

near a zero rate of growth. The curve for cyanide-poisoned

fat content up to the same level as that.for the 11g control

: trout reveals that the small fish had a faster buildup of i’
_ , AN S _ !
fish, but then a drastic loss in fat was experienced by fish . !

larger than 11g such that they 1o§t substantially more than ‘

-

the controls. The curves cross over at an initial wet weight

JFRPL JUUU PRI .

of 11g where there is no difference in fat gain betwedn the
N \ control and toxified groups. It should be noted that the
~changes in fat content follow those based on wet abd dry N

weight from the regression-analysis very closely (see

Figure 6). j ' - ' : .

3
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DISCUSSION e | a
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" Physiological Implications

Yol o ’

poisoning, acting directly on energy supply systems.

£ . The absolute body size of an animal not only

v

govefzs its metabolic rate but maﬁy physiological and

k] -
morphological parameters as well (Adolf, 1949; Schmidt-

[ Nielsen, 1975. p.255). The equation describing this

dependence on body size is known as the a]lo%etric formula ,
, \ .
(Bertalanffy, 1957): \

3-1 Tog Y = loga+ b lTog X \

1

where Y is the size-dependent varjable, X is the body size '
and a and b are constants. Growth can be described by this
formula and if one plots weight gaiﬁ against bgdj weight .
.on" log - log axes, a straight line %s obtained.}where tpé

£y

vé]ue of the s]opehdescribes the rate of change‘pf growth
| ;ilh size. For exahple; if b = 0.67, then the groth of
the animal is proportiﬁna] to 2/3 the power of wqight or
to its surface area. If b = 1, then growth is directly °
,propor(ional to weight. For values in between, growth is
intermediate béiween propﬁrtiona]ity to su}face é[ga‘ﬂ

z . and prdpertfonh]ity to inght, revealing a diépro%ortionate

increase in growth with infreasing size.

The metabolic rate of fish is commonly,méLsured o

v
Qi gt somBLw
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. (gjgure.6)~déscribing the growth of the control and Eyanide-

s ecs e

©

by monitoring oxygen,consumption but this measurement can )
be achjeved through gr&wth studies (E1liott, 1976). This .
was Brig%nally proposed by Paloheimo and Dickie (1966) who
concluded, after an analysis of the literature, that the
valuef of thejweight exponent in oxygen consumption experi- .
ments were.very close to those obtained through feeding
~2xperiments. Given the interest of this apprébch, it
was adopted in ‘the present study of allometric factors
modifying chronfc cyanide toxicity in juvenile rainbow
'trput. | - o .
| The s]opés of the wet weight regression lines
: < :
exposed trout were“dgtermined to be 1.32 and 1.01 respectively.
However, the cyanide-poisoned fish experienced a disruptign .
tn their water content, thereg; masking the true rate of 9
growth. Speyer (1975) and Dixon (1975) noted the same
effect in earlier groﬁfh ;tud%eé using rainbow trout - “ .
~subjected to 0.01, 0.02 and O.O3mg-1'1‘HCN. Furthermore,
Leduc and Chan:(1975) h;ve shown Ehat rainbow trout exposed

'toAconcenQratiPns of cyanide as low as 0.0lmgsW'] HCN suffered

an‘impai%ed,égylity to osmoregu]aye. Hence, this apparent
2¥anide-induced disruption of osm;regulatioh'and consequent
Jwater imbalance can lead to a misinterpretation of the
growth data. This prob]em,w§§40vercome\b] examining the
slopes of the dry weight regression lines. " The slope for

the control fish was 1.12, a value wvery close to the one of

Xepe
A e
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1.0, prev1ous]y repor;ed 'by Rao (1968) and Brett and Glass
(1973), describing the act1ve metabolic rate of rainbow

trout and sockeye sa]mon, Oncorhynchus nerka, respectlvely

LY

These resu]ts suggést that the growth of the. control fish

and hence, metabo11c rate, were proport1ona1 to body we1ght
On the other. hand “the slope representing the cyan1de-
Y .
poisoned fish with a value of 0.67 appears to indicate a
. )

growth proportiopal to dey,surface. . ’

. Response t

The slopes of the growth-size regression lines

. (?igure 6) differehtiate‘the‘abilityefo grow between large

and - mmall fish in the presence of cyanide. Growth direct]

b

proportional,.to we1ght is. faster than growth proport;ona]

°to surFBce area and favours the 1arge indtvPduals. Con-

sequent]y, the ]arge f1sh were more

N

cyanide than the smaller ones, since cyqpide induced ghowthg

severely affected by
proportional to body surface. However, growth proportjonal

to surface area favours small fish such that the cyanlde-

a

. exposed one€s grew better, than the controls At an inter-

med1ate size of _about 1}9, there was no d]fferencek1n
growth between the contro]l _ang cyan1de p01soned trg\

Thus, there exust??i change in t01Era@ye to cyanide with
"

L4

increasing size. .. = . .

I3

4
f varying rat1ons

. The size-related response to cyan1de was f1rst S

v

Ead

fsuspected from. the resu]ts of Exper1ments i, 2 and 3-where

<
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. cyanide poisonind&

ey

/(11pfds‘and proteins) whereas when food is used for

‘be regulated for -Leduc (]966) observed .that cyanide-

. - »
9 N A 46 . %

' a,. L

,cy¥n1de markedly 1ncreased ‘the fooi\mglﬁtenance requ1ré<h\~\\\\\ ' A
ments of 18g trout but not of ‘the 89 ones. Cet )
- To obtain an accurate measurement of the.food

maintenance requirement,| the activ}ty of the fish must

had lower-
\ .

A contr1but1ng to an 1ncreased

poisoned coho sa]mon, Oncorhyncgus kisutch

ed their activity, thereb

food conversion rate and Lhus helping to ‘overcome the .

In this study{ uniform forced swim-

Vo
ming at 12.1cm-sec”] e}iminated that possjbility..— =
( . On a dry weigﬁf basis, cyanide increased the
food maintenance requ1rement of the 189 trout by 2 - 3

., G ) S
1umes.

The effect of cyanide on 8g° fish was v1s1b1e .
only at the zero feeding Tevel (starvation) where

increased weight losses relative to the controls occurred,

=4 < - e

a]@hough‘the difference was only statistically significant
' ¥

in Experiment 3. This observation, comparable to that of

Leduc (1966) on cyadide-poisoned starving cichlids, suggests: , ?

. 3 . ! . e . V ‘
that cyanide interferes with the transformation of body . ! \\
Y °. N . ! A —

energy reserves for maintenance, but“not with that of food-
derived energy: Thus the cost of basal (starvatioﬁ) .
metabolism was slightly increased by cyanide, most likely ‘ -f=,

v (D

due t impaired bidlogical ‘oxidation of body reserves

o . J Yoo
maintenance, glycolysis can insure an immediate energy . . N

Kovacs (1978) has indeed measured ‘a stimu]atidn

saurce.
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of glycalysis ip rainbow }rout finger]ings subjected to
.015mg-17" HCN at 6°C.

- Cyanide had'no effect on the food maintenance i
requirémenf qf the 8g fish based on’dry weight. However,
it should be remembered that bgcause of a.procedukgb error, °
the cyanide concentration in the first experiment (18g

fish) was 0.013ng 1™ 'gHCN compared to 0.010mg-1' KCN in _ .
Ex;erimentslz and 3 (84q figh). It is unlikely though, that:
the higher cyanide concentration could explain such a

marked difference between the two size groups, all other
conditions being equail. For g:amp1e, in a similar (
experime:fal Fegime‘excepf for the iack of current, Dixon

(1975) and'?zvacs (IQiQL»using 12 and 20g rainbow trout

respectively fed rations of é.S%-day'], did not oBserve

more than a 10% req;ction in dry weight growth rate from o o
0.010 to-0.013mg-1~ "HCN. . Yet in this study, the difference ’
in dry weight growth rate between the 8 and ]8g cya;ide- '
exposed fish at:the 1.0%-day'] feedingTTevel was 159%,
sudgesting.a size-related phenoméhon. It would appear

then that cyan{de,wae acting as a stressing\fagtor'on the

18g fish, increasing the amount of“energ; requiredlfor
;aintenance and hence, reducing the amount available for
growth.

A higher food maintgnance requiremeﬁt in smaller

fish (Figure 4) has also been observed by Wurtsbaugh and ' .

Davis (1977b) who found that tge méintenance ration of




rainbo;\t(gut, expressed as % dry weight of fishfday'],

swimming at ’0 - 1.2L-sec”! increased from 3.7 to

1 with a decrease in size' from 3.4 to 0.6g. This

5.3%-day”
is due in part,.to the higher weight specific metabolic
rate of the smaller fish"‘i ]33Vi“9 less energy avaihgple

for growth. In‘addition, since both size groups were held
at the same current ;élocity, the swimming speed in 1eﬁgtHs
‘per second was 1.4 for the 8g trout as opposed to 1.0 for
the 18g troui;'thus imposing a higher cost of‘swimming'on

the spa]] fish.

The differential effect of cyanide o;\the»growth

and food maintenance requir%ments between the small'and
large * trout seemed to have been related to an F]evated
weight specific metabolic rate and an increased relative
activity of the small fish contributing to a higher

oxygenation of the tissues and/or elimination of cyanide.

~ , N

-

A

Response to exercise

f

The results of Experiment 4 using uniform sizg
fish of 11g at three different curr;nt speeds did not
contribute much in answering thege questions, but
did not contradict the previous results either. The 1ig
fish subjected tg cyanide grew at about tﬁe same rate as
the éontrols atswimming speeds of 6.7 and 12.1 cm-sec” !
but grew significantly better than the control groub at

20.4cm-sec']. AN \ .o, . )

e
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Finally, the results of Experiment 5 fur:rgr
emphasized the effect of ;ize where small cyanide-gxposéd
tréut (59) grewbslightly better'than the controls, wherea
the large poiéoned‘@rout (16 & 279) suffered reductions in
growth relative to the'contr01 groups.

There have been a number of cases where cyanide has

promoted faster weight gains. Negilski (1973) subjected

jgtgnjle chinook salmon, Oncorhynchus tshawytscha, weighing

about 1.5g to 0.01mg-l'] HCN for severad weeks in an

artificial stream envirénment with a current speed of

-24cm-sec'] and fodnd that in two separate experiments the

cyanide-exposed salmon grew better than the controls. This

phenomenon of ‘growth stimulation by cyanide was aIQo,rgported

e

in growing cichlids exposed at 25%C and in developing

Atlantic salmon sac ffy, Salmo salar, subjected to 10(

hconcentrations of the poison (Leduc, 1966, 1978). In

the latter casg'the faster growth of the cyahide-exposed
sac fry was related to their smal];r size at hatching which
in turn was due to previous exposuré to:cyanide during
incubation. ' b | .

- An iqcrease in temperature, yhich also activates
pefapolism in fish; has Qadetefmining influence on cyanide
toxicity at 1efhal and sublethal levels. Kovacs (1978) has

confirmed that the toxicity of slowly Tethal concentrations «

of cyanide to rainbow trout is inversely related to temper-

aturé and metabolic rate. ‘fn the range of .6 to 18°C the
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food maﬁn}enamoe\rehuireménts incmased by a facfoy,of
2.1 and\the:96br. LC50. by 2.4. He also demonstrated the
séme‘phéhomenOn at sublethal levels by measuring‘fhe .
efFec£§ on growth and swimming’ability. It therefore
becomes apparent that a highé; total metabolic rate

brought about through forced Swimming or a rise in temp-

erature is a modifjing factor of cyanide toxicity.

. Response of lipid metabolism ) .

Given the high energetic implication of fat

H

mgtaboliém, variation of 1ipihs_cou1d give some explgnétionf.

¢

to ﬁhg general oﬁservations on growth previously discussed. |
The cﬁangesg@n fat content'(See figure 7) closely pgralle]
Ehé overall changes in wet and dry weight (See Figure 6).
Bui why would the gain-in faé of the contro]s’reach a maximum
ip Tﬁh fi;h and then decline in larger ones? It should be
remembered that Fiqure 7 shows the Ehanges in 1ipiﬂ, not
the total fat codtept of/these fish. If the curve of the
contro]l trou§‘képt Sn riéipg, eventually a point would be
reached wher;."thé dry-wei‘_ght of the fish wou]d“‘h“composed
of 100% fat, which is of‘course;'imposéible.
The Bbsﬁrved fat wéight chanées should reflect
efther changes in‘métabq]fc pathﬁays or changes in relative
“ﬁétabb]ic costs\tp small qnd large fish.:' For example, it

¥

is known that under prolonged exercise at high swiﬁm?ng

t f
speeds that proteins are used as an energy source whereas




al., 1968)

at lower velocities, fat and protein are used (Krueger et

t

With: regards to the effects of cyanide on growing

fish D1xon (1975) and Speyer (1975) both found decreased *

. fat 1evels associated with-depressed growth rates of cyanide-

poisoned rainbow trout, rang1ng in size from 4 to 259, held

“din flow- through tanks. (no current) which squested that
- cyanide invariably disrupted normal fat bwosynthes1s

. through partial - inhibition of dxidative metabolism. This

was quite different'from what was observed here where
\cyantde produced more fat than the controls in small trout
(5g), less in large ones (27g) and the same amourt in
intermed1ate 11g trout (See Figure 7).,

These resu]ts would tend to imply that when a high
active metabolic rate is forced on fish, cyanide, by reduc—
1ng the much needed aerobic metabolism, ‘would activate

glycolysis as an alternate source  of energy. Kovacs (1978)

has shown that g]yco]ysﬁsjin rainbow,trodt is activated by

_cyanide. It is also known'that Glycolysis in fish shunts

a greater portion of substrates away from the Krebs cycle

into th”ﬁcetyl - CoA. pool. used. for lipid synthesis (Prosser,
' 1973 p.226). Hence, the smaller fish with a hlgher total .

, metabolic rate would be ab]e to initiate glycolysis more *

quickly than larger ones,”thereby permltting a bu1{dup of
11pid reserves. }n large fish however, with a lower total

metabolic rate and being close to a fat maﬁntenance Tevel,

~

S0

N2
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. cyanide would prevent any new fat'dgposition. ."
Allomqfric respomrse ‘
; - The a]1qﬁetric response of fish to respiratory

deficieﬁck has long beeﬁfzﬁtablished. Wells (1913) sub-

[y

jected differént species and sizes of fish to tanks

contaihiqg sufficiently low levels of oxygen to cause death

\ and measured their respective survival times. He found that 1

for the .common shiner, Notropis cornutus, ranging in size
) \k. ~ from 0.6 to 21.09 that the average dying tiék per gram o
declined from 25.0 to 2.1 minutes. .Similarly for rock

bass, ‘Ambloplites rupestris, from 1.9 to 31.0g in weighy,

" the average dying time per gram decreased from 10.5 to 1.4

B
&

minuteé, indicating that small fish were more resistant,

ber unit weight, to low concentrations of oxygen. . Further-

' more, Herbert and Merkens (1952), observed that the survival

time of juvenile rainbow trout immersed in a lethal

solution of cyanide decreased from 39.0 to 16.0 minutes

*/

with an increase in .length from 5.75 to 17.25cm. 'Hence,

e e et e Sy

lethal studies concerning low levels of oxygén and the‘
. inhibition of utilization of oxygen by cyanide both show '

that smaller fish are more tolerant than larger ones.
LI > ; - J
o !\;.ln this st:fy,lusing/3>éup1etha1 concentration of o
cyanide and creatirfg an unfavourable condition for growth, . :

the growth of the cyanide-poisoned f;out'on a dry weight

basis was proportiqpa1 to surface aréa,_indicating,that




sma]ler_trout are more resistant than larger ones. It is

also interesting to note'that the resu]tg'of Zeisberger

(1961}, dsing?the common carp,'Cyprinus carpio, suggest

that under unfavourdb]e‘conditions for grow{h during winter
] that the slope of ﬁhé Tine relqting ﬁetabo]i rate to size

(1 - 1009f was approximately equal to 0.67 whereas in the

summer under favourable growth conditions the slope was

/// about 1.0 ‘ .

- oL Hughes (1970) has established for several species
s ~_ .
of fish on a'log - Tog plot-that the slope of the line

¥

relating gi]] area to body weight is equal tQ 0.8, showing.

that smaller f1sh have a larger gill area per unit weight

than 1arger ones. Hence, they would be able to consume

‘ more oxygen on a weight spec1f13 basis than.larger fish.
) h 4

Beam1sh (1964) has in fact determined for several species

8

+that the oxygen consumpt1on per un1t we1ght is greater for
smaller than larger fish. For examp1e, the oxygen consump-
i .o - tion at 10%C of a brown trout welgh1ng 60g is approx1mate1y

-1

0.083mg-g ]'hr"| as compared to 0.067mg-g '-hr” -1 for a

300g fish. In addition, Jones (1971), has ca]cu]atedﬁthat

with anéé;créase in size of the fish, thére occasions an
u?proportibnal increase in cost of gill ventilation. \Thus,
' the larger cyanide-exposed trout having a greater maintenancg
engqrgy cost would have less energy available for growth.
The greater oxygen consumption per unit Qeight and lower

cost of'gill‘venti1at10n of the smaller fish may help to
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explain how they were able to cope with cyanide poisoning. -

On\the other hand: though, the faster metabolic rate of the
smaller fish Eoupled with their lzygervgill area on a

weight specific basis would also allow greater-intake of

) cyanide pek unit weight than in larger fish. VYet in this

study, the smaller cyanide-exposed fish grew bette} than
the controls. Two important c&ncepts of toxicoloay should
be considered here: wuptake and clearance rates. In the
small fish a highgr uptake rate would have 'a double effect:

P2 .
1. to partly inhibit oxidative metabo]ism, an effect

compensated by a high respiratory/body size capacity, and

2. to activate glycolysis and stimulate fat deposition from
the“ood as prevtously d1scusigd The net effect wou]d be
a lower Specific Dynamic Action (SDA) (Warren, 1972. p. 142)~
and higher caloric content: .’ |
In the large fish the lower cyanide uptake would
be however, accompanied with a lower respiratory/body size
capacity thus reducing biological oxidation and causing a
higher SDA particularly-depleting fat reserves.
With regards to clearance ratd, it }s not unreason-

able to speculate that the highey metabolism of thé small

fish could lead to a faster detoxication and/or el1m1nat1on

action of rhodanese

o

of. cyanide. In hamma s, cyanide can be detoxified by the
an enzyme found abundantly in the liver,

wh1ch cata]yses the reaction. between thigsulfate and cyan1de,

N\
forming the nontoxic thiocyanate wh1ch is eliminated =~ ‘wd

A s et B+ ST et

e o it




slowly and irregularly in the urine (West et al., 1966.

p. 545). There is some evidence that the rhodanese
mediated'system is indeed present in fish for Achard and'’

Binet (1934) found that carp, Cyprinus carpio Linnaeus,

in the presence of thiosulphate experienced an increased
survival time in lethal solutions of cyanide.

No definite explanation can be given but in the

3 L]

size range of 5 to 30g there appeared to be a transition

where the positiye and negative effects of cyanide on

growth balanced each ‘other in 11g fish. We cannot say
why but it is interesting to note-that in Figure 3 of
Brett and Glass' (1973) paper that at 10.5%°C the active

metabolic rate isopleth of 700mg 02'hr.—] deviates from

the horizontal at a size of about 15g9g. This means that

beyond that size, sockeye salmon are not able to maintain

a maximum activity of 700mg Oz-hr'] at ]Q.SOC due to

limiting regpiratory/circulation capacity. Given the
similarity of the two species tested at the same tempf
erature the "no effect" size of 11g found with cyanide-

exposed rainbow trout may not be coincidgntal but

-

reflect the true allometric response to a respiratory

5, ?

poison.

Ecological $4 ificance

From the 20-day growth experiments carried out in

this study, it was apparent that the toxicity of cyanide

A
\.

-~
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was dependent on the size of the fish; large fish being

.

more sensitive than small ones. Although this was a

laboratory prOJecé with rigorously controlled conditions,

)

some attempt was made to iricorporate cond1t1om§ from the

natura] environment :* The use o0f a current that the fish

-~

had to swim against as well as.a series of restricted

rations approximafed the natural aquatic system in the sense

that fish have to swim to maintain themselves in the current
to escape predators and catch food, the supply of which is
usually limited. The response of the larger trout revealed
that regardless oftration sjz%, théy were unable to cope .
with the cyanide and hence, in n;fhre, would be seriously
adversely affected by the presence of cyanigef

At the starvation ration level, the small cyanide-
exposed trout lost more weight than the .controls. Since
most fish experience a severe seasonal depletion of body
copstjtuents (Love, 1970. p. 222), and/or a. mobilization
of fat, (Newsome & Leduc, .1975), cyanide, by acting as a
stressor, could cause the fish to~s&arve to death or .
alternatively become g weak that they would be increasingly
suscéptib1e to disease, p&rasitism.and predation. 4

The small poisoned: trout receiving rations of
1.0 and 2.0%-day'] grew as well ‘or better than the controls

over the 20-day experimental period.\ Similarly, Dixon

(1975) observed that at a ration level of 2.5%-day'1 129

raiﬁbow trout subjected to 0101mg-1'1 HCN grew as well as
o ; ! %'

LA )
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.the controls. He also noted however that this same v
group of fish suffered a certain amount oflneérobﬁosib
‘of 'their liver hepatocytes, revealing that although the
measurement of growth is a good overall %ngicator of , ’ y
‘cyanide toxitity, it is not the most sensitive. Other - &

.
K4

sublethal tests of the toxicity of cyanide include swimm-

ing stamina tests and tests on the reproductive capability

L

N ~of fish. Both Neil (1957) and Brode#ﬂw (1970) found that , |

brook trout and coho salmon réspective]y required 14 to

1 -

20 days to recover their swimming cﬁpacity fo]]owin§7

exposure to 0.01mg-1']HCN, indicating serious physio]ogicél‘
impairement and }eduction of,fhe scobe for activity (Fry,
1947). c

: One‘of the effe;ts of cyanide oﬁ'the reproductive

C%g ' o capability of-fish is the prevention of maturation of

, testifflar germ cells in rainbow trout subjected to a .

concentration ofl0.0lmg-l'] HCN, as was demonstrated bj“’.

e vt e 2

\Ruby and Dixon (1974). Also, the deposition of yolk, . ' ¢
which consists largely of-fat, in rainbow trout ovaries
has been shown to be igpsired by concentrat1ons as low {

as 0. 0lmg- 17! HCN (Lesniak, 1977). Thus, the reduction in ° b

fat content of tﬁe large toxified trout observed in this
' |

study after.a relatively short period of exposure codp]eqL“

* with a decreased ability to repfoddce, poses a serious . ,>

threat to the survival of the entire population.

This study has something unique compared to many
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other st%gies summarized by Doudoroff (1976) and Ledut

" (1977) in‘that, excepf for Negj1skig(1923)‘a1l were \
peqformed in semi-static conditions ¥.e. a flow-through
system with no current. It was on these experiments that
the National Academy of Science and National Academy of

Engineering (1974, p. 190) based their recommendation that

cyanide concentrations should not exceed 0.005mg;1'] HCN at

any time or place. Considering that most often toxic
effluents are Adischarged in st;eams, to be realistic,
ecotoxico]og?&a] regsearch should have tﬁis variable fésted:
A]th'ugh limTted in scope, the vesults of the
present stu Y have shown that éxercise Epuld be a §eriou§
modifying factor of‘the to&icity of cyanide to juwenj]e
rainbow trout. C ’ ' e
There is a dearth of information of the influence
of continuous moderate exercise on the growth of fish
under'nofma] and toxic conditions. ThL design and
“execution of<long term éxperiments in swimming chambers
are certainly more elaborate tban unLer semi-static test

conditions but“essentiéﬁ to the definition of ecologically

sound water quality objectives with regards not only to °©

cyanide but to a1i toxicants affecting stream dwelling

’ . . -
fishes. . L ’

14
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