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Ive‘rson' and Gﬁtt;rie' (1969), developing further' the concept e
) of "5cope for Activity" introduced by. Frx iu 1947’ suggest ‘. .»:‘:" :.}
that environmental stresses tend to be either additive or ‘
interactive and that .the’ implications of their introduction

" into the environment &‘St therefore be predicted onl the .o
basis of, the evaluation of drly onel. variable. - When the onlly‘

" response to the single variable studied is lethality, the’

' margihs for ‘error in conclusions concerning ‘the environ- .

Fae

mental impact of a stressing f'ac.tor are enormous. It is L

%

.thus impdrtant that the effects of,environmental stresses

like cyanide on physiolo‘g‘i?:’a‘I ‘functions of ecological impor-'

-2

tance, such as growth or respiration, be fully explored

prior to the formulation of statements on the environmental

impact of th\‘ stressing fsctor involved. _ ’
' Several reports of the chronic effects of cyanide

on fish appear in the literature.. Neil (1957) demonstrated

] that chronic exposure of brook trout to cysnide -concentra-
tions of 0.01, to 0.05 %g/l as CN for up to 29 days marked-
'ly reduced their'swimming stamiga. The return of full |
swimming capscity folliowing removal from cyanide was slow, -
with incomplete recovery after 20 days., L’educ. (1966b)
reported that the maximum sustained swiming spez of -

cidhlids (Cichlasoms bi.m&culatum Linnaeus) wss significant-— . 1

1y reduoed sfter a 24-day exposure to concentrstions as

/ "' .
-~ .
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o after the removal of cyanide Btress. ‘ . 3
\ o ' )

g While histology has been little used in the field of .

' ~fish toxicology, it can prove very uSeful. The effects of

L]

chronic'toxiCity occur onlylafter the internal organs have . ¢
incufred significant'levels of damage.i_Histological exa—vi -
mination df tissue can yield useful information on chronic )
tissue damage'before'the effects become apparent ' at the ',;

organismal level. This approach has been taken bY‘Hipton

et al. (1973) in‘assessing the effects of methyl mercury

» on channel catfish (Ictalurus punctatus Rafinesque), by

,'1Skidmore and Tovell (1972) in evaluating the toxic effecth

. of zinc sulphate on rainbow trout and by Ruby and Dixon
A ‘\
(1974) in evaluating the' effects of cyanide on’ spermato-v "

.

genesis in rainbow trout. S T IR

ConSidering the respiratory functicn.of the qills

and the .many metabolic processes carried but by the liver,

‘

< it'was deci@eq;that an dttempt to correlate damage‘in_these

« tissues with the physiological reactions of respiration and

’

" growth in rainbdh trout subPected to suble ha11}evels of

/
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Table 2. . Analysis (based on dry weight) ol the diet. used

~

during.the study of the effects of cyanide on .

‘e

juvenile rainbow trout.

. Experiment Dry © Pxptein Fat' Ash L
. : No. Matter : S A
: . (percént) (percent) - (percent) (percent)
1 T s2.2 62.5 5.1 8.1
2 . 51.6 . 63.4 '48.9 - 8.0 .

v
'

A8 indicated in Table 2, the diets used in each

experiment .were s;miler, with tﬁe exceptdon thdt the fat -t
- content was a}most twice as high in the secend experiment;

as it was in the first. This'ié most likely attributable’

to a higher level of -residual fat in the beef heart uaed

. during the preparation of the second diet 1ot.
' . 1 , ‘ :
. A ' ' . 4\ -
' Experimental design ' C

each followed by measﬁrementdof regpifetien rates and his-~
topathological examination. |

" At the beginning of 'the first experiment, 180 rain-
bow trout of the desired size were selected and divided
'into six groups of: 30 fish each.‘ The fish were indivi- @

dually weighed in water to the nearest hundredth of a gram,
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P

<L : At the end of'the‘cyanike exposure period, and g

.

{ , .
after the flnal welghlng, eight fish from each group were

‘0
S o returhed to their. tank, flve.fof the resp;ratlon study and ’

ﬁ' L 'three for tissue sampllng; »The remalnder were sacrlfaced,
e

:éreed—at~40*G~£or~srx_days_to_determlnenuater cnntent. and

“
+ M . . 3

Istored fordeterminatlon Of fat content as pf:eviously .
;J . . descrlbed " o .

. The five fish from each of the experlmental groups

L 3

) / to be used for the-resplratlon)sthdy were: randomly distri-

3
S

»
s

-5,

o buted to the respirometers and-the flqoy rate through each
L ye
.tube was set at ap ximately 20 ml/min. 'Care was "taken ; -

e

-+ . to remove all air bubbles from the system and to sedl all

A

MRS

EE
L &

HE

? . v e ' joints against water loss_ since any- leaks or airlocks would ;
o . ‘ ' .

introduce inaccuracy into the nesults. The fish were

s
- Y .

TR

s
¥

g - allowed to'regover from the transfer to the-respirometers'

) - for 24 hours before the first reading w%s taken. 'Further'l
readings were taken dally for flveJdays at the same ti

each day. Each reading 1nvolved measurement of the flow-

[

“ ‘ "rete, removal and replacement of the outlet sampling,

bottle, and,. flnally, .exchange of the inlet bottle. fhree;
. blank rea&lngs, ffgm respirometers contalnlng,no flsh," A
were also taken‘dally to ﬁetermlne 1f the resplrometers
o ' themselves exhlbrted any oxygen demand,‘ghich they did ﬂot.
o\ . . Dissolved oxyge concentrations in the sampl;ng SR

bottles were - determx ed by an’ iodometric technxque
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‘ .

C -2, 8'§;‘ The 1ncrea3ed number of fish allowed for tisaue

sampling from 3 specimens at the midpoint of ' the eXposure
Y

*-period as well as ;} the té&minatlon of the experiment.

Y

-

« ‘The feeding level was increased from 2% to 2.5% 'since

@he*iergerffish~were7eapable~o£_consnm;ng_mnreﬁfggdetlth§4
. highest level (0.03 mg/l) of cyanide. |
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1

. During the acclimation periods of both the, first and
N .4 second expeﬂfents the fish readily adapted to the test

mdaecepteuhmeMt with no  _hesitation,

Upon introductingn of the toxicant the fisp held at !
"+, 0.02 and 0.03 mg/l cyani’de exh’ibited nn{ore activity as evi-
denced by rapid, highly random swimming. 'L‘his changed ;
'? : after approxima)tely two days to a mor.’e lethargic Hehaviour.
particularly during feeding, although these fish still ate
. their _.entire ration, they took a )mch longer period of time, <

.

approximately one hour, than. did the fish ex'p,os'ed to ‘0.0'1:

- mg/l cyanide .or the controls, who consumed their ration ¢

~within five minutes. The fish held at’ 0.02 and 0 03 mg/l
v became very dark, while at 0.01 mg/l the fish retained a
.o light coloration similar to that of the controls.
| . ) One interesting characteristic of the specimens held
‘at 0,02 and a. 03 mg/1 HCN was the bright red coloration of

. the gills and the integu.ment on the dorsal surface of the

. head. This was most probably due to . the presence of
\ cyanmethemoglobin in the blood (West, et al., 1966, p: '619). - ‘
Some mortality occurred during 'both experiments (see
'rable 3) Ip most cases mortality was minr 1, except at

1 4
- 0. 02 mq/l HCN in the first experiment when, on the fourth

h i

‘ Q day oLthe cyanide exposure period. the water supply to the




.
~

¥ L ' “tank containing this group of fish was disru?ted while the

-

cyanide flow continued, resulting in a reduced dissolved

X ‘ oxygen concentration and a heightened cyanide concentration

] '« in the holding water, fifteen fish died as a result of

this mishap. While the test was completed with the survi-
ving fish, it was later decided to re]ect the data obtained,

«//
sinqe,ﬁaccording to the criteria of Binns (1971), it could

~

be biased. . L . .

Effects on gréwth S - \\ : . '

. L '

‘.' ' ' o E The effects of cyanide on the growth of juvenile rain— .

[y

*L‘w~trout—during~the—e—te—9—aad—o—to—la_day_periods_of_hnth
experiments are”shown in’ Table 4-which gives the medhs of
thé individual percent 'wet weight gains of the fish in .eac¢h: ,'

group. In Figure 6 ,eyefitted curves 1llustrate the growth

IOVer the 0 to 9 and 0 to 18-day.exposure periods in each

’

e RS 2 LTINS
b -
-

experiment. : C '~ o

g SRR Y- indicated by Pigure 6, the resultﬁishow that

S : axposure_to_cyanide,noncentrgtigag of 0.01, 0.02 gid 0. .03
mg/l HCN for, an 18-day period causes a marked reduction in

the wet weight gain’ of juvenile rainbow tri ut, and that T: .k
most of this reduction in growth occurred during the first ’
T8 days of exposure During—the 18-day ‘growth. period of -
. - sxperimsnt 1. the control fish exhibited a weighffqain of "

about 17.gsrcsnt5 while the 0 01 mg/l cyanids-toxified o,

-

R
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-

fish gained dpproximately 10 percent. The fieh exposed to -

0. 03 mg/1, however, showed virtuelly no growth 'In

experiment 2, the control fish %ained 23 5 percent while

the 0. 01, 0.02 and 0.03 mg/l toxified groups showed rela- o

‘The mean percent wet weight gains of the controls in
‘ .. experiment 2 were higher than the control values obtained
/. _' in experiment 1. This differencge is readily attributable
) to the elevated feeding level 2 5 inﬁteadf of 2 percent
of the wet weight per day, employed for the second experi-

- ) s . 5 TN
mnto ' 1 Fali
., For both experiments, the mean wet weight gains. for ,
the cyanide- toxified groups were statistically compared to

" the contrdl ,éréups by means of Student 8 't' tests., 'rhe

analysis and levels pﬁ a.{gnificance are given in Table 4.
With the exception of. the\t) Ol mg/l cyanide-poisoned fish
‘ of experiment 2, the growth of all toxified groups was sig- | '
3 nificantly reduced, reJ;;tive to the controls, over the . ' T~
| ls-da experimental period. ' J -
"'ﬂﬁ specifﬁ‘g‘ﬁfﬁ“fmhe‘mm*qmnprof
-£ish during the first and second 9-day growth periods were

'calcnlated using the- following equetion (Brown, 1957, p. 365):
L log, log Y
. S < =100 e T 3 £ a

.'l . / ’ e
. . . . L
. 2 L. . . . . .

LY “
P 7 T o












.\l ".,

¢

for experiments 1 and 2 are compared, it is evident that ¢

the former values are substantlally hngher than the latter.

»

“In this respect it must be remembered that the fish in
experiment é were considerably larger than those in experi-
ment 15 and that as juvenile, rainbow trout grow toward,
maturity'their weter-content‘decreases'(Love, 1970, p. 89).

The data‘indicetes that eXposure'of juvenile rainbow’
troﬁt to cyanide for an 18-day period‘produced‘a highexr

water content than in controls. The.mean.water contents

>

of the various groups of-cyan1de-tox1fied fish were statis-
S tically compared to the control groups by means of Student's

't' tests. In the first experiment the water contents of
. ” oo .

the 001 and 0.03 mg/1l HCN‘groups were significantlyahigher‘
s

H a when compared to one control, but not when compared to the

: N
i ' other. “In the second experiment only the 0. 03 mg/l cyanide

group showed a water content that was‘significantly higher.

14

,.‘ ’; - than that of the controls. .

. u It should be noted that water content will bear an
effect on the wet weight growth data presented under the
previous heading.’ §ince the-meen water contents of a11
‘toxified groups were greater than thoae of the controls,

: o expresning the growth dete in terms of dry weight gain

| serves to magnify the disparity in grovth between the ’

Y ¢

A control and cyhnide-toxified fish (see rigure 8).
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| %u Table 7. , Fat ooi..mun of rainbow ﬁnoc.ﬁ exposed to various Hmcﬁ.m of n%gvmm mcﬂwna

- - - Hmlmmv\ experiments in nasﬂwmc.oﬁmwu« Hmamzmm. sw.nmn at 12.5°C. . =

i . N
oy Experiment  Cyanide No. of -~ Mean Fat Standard™  't' value for i .-
No. Conc. ‘Samples Content as Deviation’ Compariscn of . L

. .. ) SR - (3 £ish/ Dry Weight Fat . Content of" |
it - - sample) o . Content Control to. . -7
~ - Toxified .

|

. : . |

| : : . " Assayed Percent of - » of Mean ©  Mean Fat _ .
| ,

M o~ - L] R : ! - N . . ,,
! T (mg/1 HCN)- - . . . . Groups < .- |-

-

4 I - 0.0 4 o 12.20¢ o.s2. - o=
< < . V' . . Olo ’\ w\ ..y .‘ . HNlnoms ] H-.Omm. A. . - . . .. P .u,,
0.01 N S 12,19 . 0.39 0,97

3, > 10
T T ey
-
-
@
.
N

¢ . . - ,,
: _ . 0.03 4 9.73 .. 1.35 ‘ 53%%: T
< : - “ -~ - ) - * 'f” R e
@ S 0.0 + 1828 1,93 o . = T et
, 18.69 ~aarh -

| 4
AN g L N .8 .
. o 2. T e 4 L1861 - Lss o Tow09
| 0.02 4 ©17.14 - -0.57. T2.51¢ Tl
mm. S - . : o.ow, 4 T 16.99 © 0.e8 . (2.51%

5 4 0.055p>0.02; ** 0.02>p>0.01; *** 0.01>p>0.001; **¥* 0.001>p .
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 Table 8. Respiration rates of control and previously cyanide-toxified L .
. juvenile rainbow trout during the l44-hour, period following the oL R
. mmaswﬂwon of cyanide flow to the experimehtal groups. . . . . RS I
AN . ) ' .. LT T . . o AF-r
. Bagerimest  Cysaide ¥o. of Mean Bespiration Rates (mg 0,/9 wet wt./nr) ) Standard Devistion of Nean Beepiration Satss )
) oone- ""u—n.. 2¢ hours 48 hours 72 hours 6 hours 120-hours 144 hours 24 hours. 48 hours 72 hours 36 hours 110 heurs 144 howrs +
(mg/1 BCH) © - : e A
B ’ 0.00 . 10 0.3¢ 0.26  0.2% 0.22 0.21 _. 0.21 0.951 0.0 90.033 0,036 e.027 o0 E .
A | 0.01 - s . 0.24 0.26 0.32 0.34 0.26 0.26 0.053 70,034  0.046  0.046.  0.038 03036 : ;
tIC - 0.03 5 0.26 ° 0.30 0.37 0.41 0.38 0.35 0.051 . 0.0 0,093 0.l 0.019° \Vt! e
0.00 - 10 C o1 Lo0.e 0.16  ©l1s 0,13  0.13 0.055  0.051 ST0WE—T.033  ©0.628  8.032 L
0.01 s .. oz a7 0.5 0.1 0.13 0.13, ~9,058 0.064 - 0,039~ 0.033 0.018 . ¥
2 Q.02 s - e.12 - . 0.17 . 0.20 0.14 _0.13 0.23 0.039 0.048 0.06¢ 0.0186 3.010 - 0.009 A N
- “9.03 s 0.11 018, ‘ -0.21 0.17 0.15  ~0.15 °  _ o.022 0.063 0.033  0.036 0.013 8. !
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respirationdrate cg;the fish held at he highest cyanide -

level (0.03 mg/l) was initially similar to that of the 0.02

' mg/l grolp, but slightly exceeded th level of that group -

from 72 hours onward until the termi eti‘ of the test.

On the whole, hoyever, the fish previously poisoned at 0.02
and 0.03 mg/1 HCN in experiment 2 ga ela response very
similer to that which occurred in ex&eriment 1, although

the differences from the control fish were smaller. -

\

AHistopathological effects of cyanide

Histologital examination at the light level of liver

tissue taken from control fish at the termination of the-
\

cyanide exposure period of the first experiment, as well as
at the midpornt and termination of the‘second experiment, -

!
\

shows 'hepatic tissue in a normal’healtﬁy state (see Figures
10 and 11). The hepatccytes are arranged in a definite
chord-like pattern around well ¥efined kinusoids leading to
a-central vein. The nucle : of each hepatocyte is either
spherical or slightly ov d with regula surfaces and

exhibits scattered chrom n granules and one or more

5

,nucleoli.

The examination of liver tissue| from fish held at
0. 01 and 0.03 mg/1 HCN for 18 days duri g experiment 1,
and from fish held. at 0. 01, 0.02, and .03 mg/1 HCN for-9

and 18 days during experiment 2, revea ed varying deqrees
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'Fighre 10. Phoﬁomiérograph of control rainbow trout liver
i showing fissue in a normal healthy state with
E” n " hepatocytes (H) arranged im & def:’m:&tef:hordn*;qw_“‘“;ﬂ K
¥ e oo best 1 ted 5 » ""
£ . * like pattern (best illustrated in the area
§'° designated by short arrows) around well deflned '
? sinusoxds (S) each 1e§é1ng to a central vein
G . ' ' .. . . ’ ’ '
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Figure 1l. ?hotomicrdgraph of control rainbow trout liver =
& "showing tissue in a normal heglthy state with * _~ 3
- ' -+, .the nucleus (N) -of each hepatocyte being . o \ £
: . spherical or slightly ovoid in shape and con- T PEES
. . " taining scat%ered'chromatin éranuies (C) and )
Co . one or more nucleoli- (NU). T o B T
. S . 1000 Xodl - .,
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concentrations where cyanide could<be more rapidly meta-~

[ 4

bolized by fish held at a higher temperetuie, relative to
those’teld at a lower temperature, due.to the increases in !
metabolic rate which accompany increasing temperéture.

With regard to temperature effect at low cyanlde&concentra-

tions, the only comparable growth studles are those of

Leduc (1966b) and Speyer (1975) The extensive reductlon

——— _

~in growth observed in tﬂQs study and by Speyer may be attri— ’,

buted in part to the lower temperatdre relat1ve to

Leduc (1966b) who observed a much lesser effect on coho

salmon tested at 16°C and on 01ch11ds tested at 25°C, .

Leduc (1966) fed his test organlsms a natural dlet

while art1f1c1al rations were’ employed by Speyer (1975) and

for the present study. Natural food could possibly enhance

the resistance tq poisoning aﬁd thus reduce the effects of |

HCN on growth. The proportions of pfctein, fat and.carbo- .

hgdrate ;n,the diet could also affect the ebility of fishy .
to withstand cyanide poisoning.. The resp%ratory‘quotient_

'cf fat is 0.71, of protein 0.80 and of carbohydrate 1.0 .
(Prosser and Brown, 1961, p. 161). This indicates ttat[

. wﬁen equal amounts are being considered, fat ‘and protein '

require more oxygen fot cemplete combustion thaﬁ’do carbo~

hyd?%tes. Since cyaniée is‘a,reepiratory depressant,, we

may specu;ate that fish held on a diet rigch in ce;bohydrate

[+

~would be less affecte hy:cyanide than those held on a

5

‘ration with higher propdrtions of protein and fet.” It{

¥ k]
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Relative to the controls, all cyanide exposed rain-

.bow trout markedly increased their specific"'growﬁh ri'ate from

the first to the second 9-day p’erio_d of each. experiment (see.

F'ibgure‘ 7), the effect being'more pronbunced during the first

. experiment (4 g fish) than during the second (12 g fish) .

Except during very eéarly development the rate 0f acceleration |
of growth rate in fish :ae‘c‘reases with age (Weatherley, | 1972.
‘p. 17) . .The greater increaoe in growth rate from the fiz::st
to the second period shown by the 4 g contr."ol. fish ir; experi-

ment 1, compared to fhe 12 g control fish in experiment 2,,

indicates that the 4 g fish were in a stage of more rapid

. acceleration in growth rate. This would allow the 4 g

cyedide-treated fish a greater range f'oz: bound_ from toxi-
coht St]feBS and hence the more subeﬁantiaL increase shown by
these fish from period 1 to period 2 re}A ive to the 12 g
toxified fish. In the pz:esent study we found that the
accelerated growth during the second half of the cyanide ‘{ .

exposure period did not fully compensate for the original

.'repression. Only at 0. ,01 mg/1 HCN in the second experiment

did the growth of the toxified f£ish. approximate that of the
controls by the end of the 18-day exposure period (see
Figure 6). “ B . '
' The rebound of growth after' an initial repression

by chronic® cyanide poisoning seems to be a widespread

phenomenon in various fish’ species. Leduc (1966b, 1967)
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likely attributable to either acclimation of tne fish to

the respirometers or to a transition from a feeding to a

nonfeedlng metabolic regime, or to both. Under stress of
J

’ S the type which flSh might initially experlence upon intro-

i , ductlon into resplrometers organisms are known to release

-

thyroxine into the bloodstream. Since thyroxine uncouples '
t \ - oxidative phosphorylation, this would reéult in an increased J
,resplration rate (Goodman and Glllman, 1965. p. 1473) As’

o

the fish become more accustomed to their new env1ronment
* there would be e decay of thyroxlne levela and alcorrespon-
ding decrease in oxygen consumption. .;,
Whlle the resplratory patterns of thE‘control
fish were the same in both experlments, the actual rates
were higher inexperiment 1 (4 g fish) than in experiment 2

((12 g fish). This difference can be largely attrlbuted to

the different sizes of the two groups "of fish since the ‘meta-

bolic rate of fish is known°to decrease ae‘size incréases '

(Phillips, 1972. p. 8)\. |
Witn the exception of the fish exposed to 0.01 mg/l’

. ‘HCN éuring enperiment 2, the respiratjon rates of all ‘

' cyqnide-toxified rainbow trout were initially lower than

{ ‘ tnose of the controls, a response'that was not unekpected

when one considers that cyanide is known to act as a respi-';.

ratory depressant in fish (Janes, 1964. p. 86 96). and that

: - residual cyanide most likely remained in the fish for some
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leading to degradation as a result of insufficient enexrgy
. f £

- )

to maintain cellular integration. - ’  ' - - .
Considefing the numerous metabolic p;oceséesaoarried
out Byw£he liver, it is rdot surprising*that ‘the cyenide—toxi-z
{ fied flsh shbwed “the ‘substantial reductions in wet weight
gain reported here. Not only would the ability of the liver

N

- for growth be Iimited,"but there would also be a decrease iﬁ

to supply the products of intermediary metabolism necessary

the capacity of the liver to eliminate tpe elevated.levels

|

.of waipe'products that would be derived during periods of .

" high metabolic activity such as growth. It is interxesting

to note that while liver damage showed no apparent change . o

from 9 to 18 days, the specific growth rate increased sig- ¥

nificantly ouring that period of time. This would tend
suggeést that some hepatobiochemical aleerations pot evident
at the hiétooathologiéal levei were occurring during ohis
- pefiodeoﬁ e;ﬁe, thus improving the ability:' of the ﬁish'to
oeal with cye;ide.
When neciobiosis of hepptocytes does not destroy

'

the entire cell population, the destroyed tissue oan be \

regenerated by diviSipn of the remaining healthy hepatocftes.'

If, ho&ever, t?sjéklls are repeatedly destroyed while regene—’
ration is still in progress, as would be the caégtif the
organisms were exposed to a continuous or pulsating stress -

5 by cyanide, fibrosis and eventually&cirrhosis, an irreversible
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that the 4 g fish were fed 2 percent of their wet body wejght

per day whilk the 12 § fish received 2.5 percent. At least

‘ .‘as far as,growth is concerned'aua’ggggrglng to Warren's
(1971) scope for growth discussed earller, the elevated
*A feedlng 1eve1 could possibly account for the meroved per-‘
'formance of the 12 g £ish since they would h?ve more enerqgy
resources at their disposal to counteract cyamide effects.'
‘ It seems improbable, however, that the relatively small QL§:

. : e
percent spread in feeding levels between the two groups of

fish could account for the whole difference between the

degree of their response, and further rebearch into- the

-

phenomenon of fish size and degree of cyanlde response is
. " /\
required.
The increased resting metabolic rates of the

.cyanide-poisoned fish .during refovery represent a decféase

in the scope for activity (Fry, 1947) of these organisms

after removal from“cyanide; since ‘there is a reduction in

the difference between tue,minimum:and maximum metabolic

rates of Fhe fish, and hence in the amount of'energy_evai-

,lable ror ectivity above fhat required for the.paiuteuaqce

: - of life. 'fhe presence of uepatié damage at the end of the

Y . exposure periods also tends to suggest'a reductlon in physio-

. 10g;cal cepabllltlea after the termination of exposure, o

since this damage would require at least some period of

o time for complete recovery. Both the increased resting

-
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e

' metabollc rate and the presence of hepatic damage tend to
substantiate the sw;mming stamina results of Neil (1957)
and Broderius (1970) who noted that the return of full
swimming capacit§'following the termination of~exposure of -
brook trout and coho salmon respectively to cyanide concen~ ’ ‘q

trations from 0.01 to 0.05 mg/l HCN required from 14 to 20

days even at theﬁio;est~aiaﬁfaega6EEéﬁfTatton*tested-—~—~_______*_v_¥
Ecologlcal Signiflcance ‘ ' ;
While our 1aboratory studles 1nd1cate that exposure f
of falnbow trout to sublethal cyanxde pomsonlng 1nduces
reduced growth, elevated water content, red?ced fgtwcontent,

changes in respiration, and necrobiosxs of hepatocytes,

f LY

s

these results must be evaluated within the context of the

‘release of cyanide into the aghatic environment. While our
’ 13 A i
results were obtained in the rigorously controlled constant

conditions of the labqratory, the effects of a stressing fac~

tor such as cyanide on fish must ultlmately be lnteroreted

. within the'multifactored dynamic system which constitutes

the natural;envirbnnent.\ N “' . ' Co.
' Growth is :25 determining factér in fish production

and this study has shown that:the_scooe for growth (Warren,

1971) of rainbow trout‘can.be,seriously‘impairea by low

levels of cyanide. It has been‘suggested that fish‘coold

compensate for this cyanide-induced reduction in energy

: available for growth by consuming—targer-gquantities of food. .

. . <

w e
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probably significant in a thSiological and ecolog;cal sense.
It has been ehown (Wood and Randall, 1972) that urine flow in ‘ |
rainbow trout markedly increases during periods of exercrse. |

" The increased stress of .a cyanide-inducedjelevated water
content could therefore increase the renal ioad during
oerégds of hiéh swimming activity and thns reduce perfor-
nance. The stetistically significant decrease in fat con-

| tent demonstrated by ihe poisoned fish are also most likely

£
ecologically significant. Depletion of fat reserves and the

X

. 1
- - implied concurrent interference with lipid metabolism can
e . R
have serious. consequences for the survival of fish populations.
'As well as providing metabolic reserves for energy supply ‘ i

. during periods of starvetion, lipids are vital during repro-

d duction. It has been shown that in the sockeye salmon

(Oncorhynchus nerka Walbaum) 8 percent of the total lipid

content of females is transferred to the ovaries during re-
| productive maturation (pove, 1970. p. 105). Severe deple-

,  tion of,lipid'reserves WOuld therefore impair reproductive .
capabilities or, failing this, tax the already ‘depleted fat v
levels to such an extent tnat the females are left witn
1nsufficient reserves to survive periods of s;arvation.

Newsome (1971), working with yellow perch (Perca fluviatilis g

flavescens Mitchillr, attributed the selective mortality of

females during the winter to insufficient fat reserves after

l ©°  translocation of lipids to the gonads.

oy ot 2 ’










__— . | : . . Two |experiments were perfm d to determine the : i

-

. rainbow trout (Salmo gamrdnerr Rlchaxdson) . °r<)
\ .
' The ;sh were exposed to G'OO 0. d! 0.02 and'o 03. .

~ . [5d o
»

mg/l HON for 18 days in °60 1 polyethylene tanks containing

cv B

; 'conginqusiy enewed water at 12. SP + 0.5°C, and were fed

. eﬁ'artificial iet at a' rate of 2, to 2.5 percent of their
- ~ ’ d"' - 'l n ) » h\
» wet body wq@ﬁht per day. - R .

¢

) 5 Cyanlde was seen to 51gn%f1cantly reduce tﬂe mean

\ v

. wet weight g\}n of,the\‘gtrout exposed to 0 02 and 0 03

°ng/1 HCN durlngvthe f;rst éxperlment and of the lZg;fish

-fk}:' exposed to 0.02 and 0.03 mg/l-HCN dﬁ:ing‘the secpgq,’ The

1

j”;'meep specific‘growfﬁ rates of all groups.of cYaﬁide—toxified

.

R »flsh, whlch were 19%t1a11y depressed kelat1Ve to the coutrols,

p

: markedly increqsed by the: end of the hxperlments, suggestinq

)

s

. sore degree of accﬁ&matlon to cyanide. This ‘late reoovery,'

i

A

(9 ‘:hé' s -’ ",
"could not, however, fu;}y overcome the initial reduction
"~

) ;I;.% and only at 0.91 mg/i HCN in experiment 2 d4did ﬁhe secondary

- ¥

increase in speoiflc growhh rate fully compensate, in terms

' ' of weﬁ weight gain, fgp thq original depression caused by
. .,.\)f*d‘ "',,
cyannde.' ' B . . *5
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