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3 ' .. ABSTRACT

@voidance'of‘sulphuric acid solutions b§ étoups of .
juvenile brook trout, Salvelinus fontinalis and the L
- corresponding effect on plasma cation regulation.

#

Simon Calvert James Pedder

>

The_avoidance reSponsé by‘grdups of twenty juvenile

—— ’
',/"b;Bbk\trout, Salvelinus fontinalis. was studied, when they-

[ - !
3 ._wé:e given the choice between clean water (pH 7.4) and

' N4
different levels of decarbonated sulphuric acid treated
water (pH 6:@, 5.5, 5.8, and 4.0) over 96 hr. Behaviour of
Bish was examined by the avoidance of test individuals to

acidic conditions; significant avoidance by test individuals

was found below a pH of '5:5. A breakdown in social

inté;actions ‘(aggression, dominance and ter:itotiality).Qgs
seen in the lower;pH levels (4.0, 5.0 and'5.53 when compareé
go'conttol “(pﬁ<7,4). Plasma cation concentrations of test

individualg indicate that lowest level without avoidance (

i 5.5) had greatest effecf on ion regulation, AAyoidance.é%

¢ [

igg the lowest acis leyéi (pH 4.0) kept <ion fluctuations

minimal.

\

. Ninéfy-sfi hr biocassays, where fish were only

i

+ subjected to treated waters (pfi 4.6, 5.0, 5,5, 6.9), showedfl



-

%

Jerany

n ‘¢

& decrease in plasma sodium levels, especially at pH 4.0,

. - K] . ‘ .
Plasma ¢alcium concentrations increased, with no change

between pu,s.ﬂiand 4.6. Ppotassium leVels decreased with

+ . v

increasing agid concentrations. Plasma magnesium was -

‘decreased but only slightly when compared to the . .

fluctuations of the other ions. No mortality was recorded
in any of - tge tests. Results suggest that brook tzout have.
the ability to recognxze depréssed pH conditions below pH

5. 5 as aver51ve and respond approprlately.
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. . INTRODUCTION

[y

' - ° v -~
Acid in the envi‘ronment

S

-} *

all precipitation is‘slightly acidic due to the"y"

presence of carbon dioxide in the atyosbhere, which when

Y

dissplved iﬁ watér creates ca:bonic‘dcid (HyCO4) o Howevet;
when indus%rial gases such as suléhur dioxidg/(soz), sulphdr
:trioxide (803), nitrogen oxide (NO) and nitrogen dioxide
(N02) are emitted in the atmosphete, they .are oxidized and

hydrolyzed and converted into sulphur i# and nitric acid.

\ 4 / .
The major reactions .are as follows;

-

.

2504

Zso2 + 0,9
, - 50z # HYO. = 2H* + S04~ * . . ot

-

2NO + 0, = 2NOg -

t ! 4

2H% + 2NOg™ + NO

3“02 + H20
4N02 + 2H20 + 02

40+ + 4NO3~ (Vermeulen 1978)

Y

@ 0

’ Sulphur‘and nitrogen oxides are released as gaées'

“

from ore smelters, coal-fired generating stations, oil and
gas refineries and automobiles. ‘These atmosphetic

pollutants combine,with‘wa;er vapouz in the air giying'these )

-[°
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. _)’ * .
pollutants long range atmospheric transport. They return to

.

J the earth as "wet deposition" (acidified rain or srow} or éf

L3 5 r

"d;’ deposition“ (paxticulate matter or gases) on soil,

forests, vegetation and water (Ministry of the Environment

— hoge). , . I
Although acid precipitation has many destructive
: . [on .
characteristics and targets, the reduction of fish ) ’ ..

populatigas in laEQg;;ith low buffering capacity (ability to

maidfain stable pH), due to low calcium concentrations, is
the most obvxous and alarming effect ' (Spry et al. 1981)f,:(*
" The acidification of freshwaters by acid

3 N
.p:eciﬁitatign'%nd the corresponding detrigental effect on

—

aquatic organisms has been documented. as Canadian'(BeamiSh

and Harvey 19725/§;ry et al, 1981;) and international
problem (Lg'vestéd\et al. 1976; Schofield 1976). Aquatic
. - v‘ ¢

ecosystet under acidifiZation show both reduced~production

‘ahd r;daced decomposition. The accumulation‘of algae, qftep
?g;erved in acidified waters, is related to the reduced 4
feed ng act1v1t1es by invertebrates. Due to increased t

-

' sedimentation and redaced availability of nutrients, there

.
' ‘ .
.

. is q¢shif//;n ac1dif1ed lakes ftom bacterih to slow dcting

¢
lﬁungi (Overre1n et al..198l). The 1nvertebrate fauna

[

'(200p1ankton, c:ustaceans, ﬁnsects, snails and bivalves,
- " ”

etc.) all show' reduced diversxty during acidification (NRCC )
- . ) P N Q’ . .
w . .“b‘ )

e

©

]

-

*

©

@
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198Y) The e11m1nat1on of certain spec1es may be cauﬁed by

'd1reqt act1on of abxd stress on_a particular specleg or the

‘occurrence of ‘a disruption in an ecosystem's ’
AN ) .

" 1982). “qhysiblogical-diéturbanées caused 'by -redyckd pH have

causipg-elimination of a species due to its dependence on a

K3

acid-sensitive prey. . . ' ¢

“

'
” H

Reproductive and physiological responses-of freshwater fish

to acid . , . '

v

* The.effects@of'reduéed envifonmental PH on

freshwater fxsh has been extensxvely stud1ed (see- reviews bx

s -t

Fromm 1980; Ha1nes 1981; Spry et al. 1&81, wOod and McDonald

o

-been’réportéd to’be“mbdifiea by parﬁmeéexs sucﬁ?aé'type of

acid (Packeg and Dunson 1972) fish spec1es (Spﬁy et al.

1981) water ionic comp051t1on (McDonald et al.. 1983)

- &

acclxmation (Mchllxams 1980) and season (Stuart and Morris |
1985; ) ' . - ,. @7 t' . ‘ Al » . .. '\~ .n' . ) N ‘x a

v Heaiy‘metals are frééuently elevated in acid lakes -

’

(Beamish 1974a; 8cheider et al. 1979) either from

’ ‘&

) atmospherxc depos1t1on or by mob1112at19n from the sediments

due to 1ncreased solub111ty at low PH (Spty et al, 1981).

-

However, work in th1s area has pqued unnoticed by j

O
B g . N -
‘ i
.
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investigators, because’its effects are seen as secondary .to

{
acid (Beamish 1974b).

Recruitment fa11ure due to egg and fry mortalxty has
. b ]

been regarded as. a common cause of fish population losses

)

(Rosseland et al. 1980). It has been'shown that exposure of*

- fish to depressed‘pH has a significant effect on
reproductlon and developmezz (Mount 1973, Beamlsh 1976, Ruby
et al. 1977). Reductlon in regrbductxve processes due to
lower pH levels have been shown to have the follow1ng Order
of sens1t1v1by' egg productxon > fry surv1Va1 > fry qrowth >
egqqg fertility (Fromm 1980). ‘, , . ‘

Many phy51ologlcal studies have been performed with

’

ute and chron1c pH levels to determ1ne the mechan1sms of

(

ac1d tox1c1ty. Experxments at acute pH levels ( < pH 4, G).

poxnt to a d1sturbance of the ac1d base balance.

Ac1d1£1cation oﬁ ‘ambient water causes an ac;d051s in

freshweter-fish,fthe magnitude‘of whidh is proportional to

the change 1n water pH (Booth et al. 1982). The origih of

-3
?

_the ac1dos1s observed durxng acid exposure 1srpoor1y | ;
understood although 1t is probably at least part1ally due.
"to 1ncreased inward dlffusxon of H* and (or) outward

S

dxffusion of HC03 (Nev111e_1980). At lethql PH leveQSs

blood-pH and [HCQa*] decreases more répidly as the ambient

pH dec}eases~(01tsch'pt‘ai{ igai). Neville (1979a) and’

- « \ - -

-
»
-

(44

o
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Booth et al. (1982) reported that compensation for the acid

o

stress by fish is possible until water pH reaches pﬁ 4.9,

and that at higher chronic pH levels ionorﬁgulation is the ?\~
. N - + - ) ) “N . ) R )
major concern. ' .

Exposure to acidic water results in disturbance of .

the normal ionic balance of freshwater fish (Packer and

-

Dunson 1959} 1@72; Neville 1979b, 1988; M?Dopa;djet al.
1980; Mcwilxiaﬁs‘l980a; Ultsch et-al: i981; Fraser- and
Harvey 1984). Exposure to chronic pH lebels‘(pH > 4.5)*
results in‘signific;nt deéréases in both plasmay[Np*} and

(C1”] and muscle [Né*] and [C17). .

»

The gills of freshwater fish are the major site for

the diffusional loss of iohs,‘with around 1¢ percent or less

occurring in the urine (McDonald ‘and Wood 1981).| The major

concetn are the disturbances to both the active transport

and the passxve diffusion of Na* and Cl~, with the similar

n

undlrectional fluxes of both dependent upon the severlty and

D ]

.duratxon of the acid 9xposure (McDonald'1983).

W

> -

' Although the principle losses are believed to be

o »

sodlum and chlo:xde, due to their p&edom1nance in
'extracellular fluids, alterations in the amounts of

potassium (Dively et 3l. 1977}, calcium (Smith 1977; Fraser *

i

.add'Haivey 1984) and magnesium (Giles et al. 1ée@) have been [~

reported. The importancé of waferborne‘{Ca2+L oh .

t
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-

-~
1

fluctuations of plasma jon levels has been established by

McDonald et al. (1980), with greater ion alterations
- . 5,

associated with lower Ca2t levels.

4

<

Effects of behaviour ‘6n toxicologicél response to
i &

°

contaminants,
L

t

. Behavioural responses to|aquatic contaminants have -

not been extensively studied, alfb h tﬁq attraction-

€ ' .

avoidaqcé response -of équgtic orqanisms, such as fishrt
toward toxic discharges can alter survivorship rates
ﬁGeckler et al. i976£ﬁggdder and Maly 1985). At subleéhal
'leVeis, behavioural changes could cause a decrease in normal
predatory and spawning activity,jﬁhgreﬁy affectiﬂé the
aquatic ecosystem, The dispersal and subseéuent dilution of.
é”pbiluéant from its source seems a reggonable argument for

. g ‘ '
concentrating studies on low subacute levels rather than.
N
lethql. However,” it has. been repo\ ed that 'high doses of
certain toxicants, such asggopperiiif ract certain species

(Giattina et al. 1982; Pedder and Maly 1985). If increasing

-

attraction correlates with increasing toxicant concentration .

levels, fish may subject themselves to toxic levé;s at -the

unrce of the contamination.
: ) : - t : . H ' . J

.
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Behavioural aspects have received little attention

-prebabyy,due to the diff{qulties in'obfafn}ng reliabié,and'
consdstent data. Fish haze'been ;eported to avoid'acidic
squtions.when swimminéxinto a sg’ep gradient-in the
laboratory (ISth 1965), and in the selection of" spawnxng
‘s1tes in the ‘field (Johnston Aand Webster 1977). More
recently Jones et al. (1985) tested the short term behaviour

1

of arctic char, Salvelinus a1p1nus to gradients of H+ and

CO,y and found that above pH 5. 5 fish avoided due to the

'_presence of CO wh11e below pH 5.5 they avoided due to

2
increased H* concentrations, Their study was’ similar to
most behaviour tests, whereby visual obgervation of .

individual -animals are recorded dufing daylight for less

than 30 min. (Cripe 1979). l .

" An evaluafion'ie required for the behavioural
responses of groups of fish toward‘chronic pollutant levels
- for extrapolating lebofatory feeults to field situations.
*Fish Behaviour towards'enyironmeqtal,pertubationsh,sdch:as
depreesed pH levels caused b; spring rdn-dff, must  be

N X < ' C oA ) .
considered wheén evaluating the impact of aquatic

contaminants on fishery resources. . " \
- LN :

¥



The purpose of this study

b
.

Thé~objecti§es'of this research.wéfe to: (1) examine
the behavibh;al responses of groups of trbut given a choice : * _
of neutral or acidic‘waters over a long term period, (2)
determine the lowest pH level QheFeﬁy siénificant_avoidancé
by the fish populaéjon would occur, (3) observe.if‘the
presence. of lower pH levélg would lead to increased
»a;ofdance and thus less physiolog}cal élterat%ons,
coﬁcerning'ionoregulation, and (4) determine whether fish
avﬁid acidic conditions at levels which could cause
eco}ogical%élterations to fish pqpulationst .

.» M y
Brook trout, Salvelinus fontinalits were selectgd .

for this study because of their\knownatoie;apée to acidic

Qaters, with mortality threshold levels less than pH 4.0

. (Packer and Dunson 1970), and their importance in the

commercial and Tecreational fisheries in southern Quebec. . -
v o . . ,‘I/
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/o v \
/ . METHODS AND MATERFALS .
/e ‘ ‘ : o ‘s . .
/// Juvenile brook trout, Salvelinus fontinalis were
purchased from Des Landes Pisciculture, Drummondville, ~

/. Quebec and held in two aerated flow through holding tanks (a

| green fiberglass tank 216 x 60 x 55 cm high,dand alwhire
polyethylene tank 185 x 80 x 45 cm’high). ‘The £ish were fed
commerical (Martin's'85 G} food pellets for'salmoniﬁs (Table
1) at a level of approximately. 1% of their wet body weight
per day. Fish were kept in dechlor1nated Montreal city
.water (Table 2)'under contxnuous flow condxt;ons with a
photoper1od of 12 hr llght, 12 hr dark. '

For both behavxdural and physxolog1ca1 bzoassays a

lrwo chambered artificial stream (250 x 66 X 30 cm high) B
constructed of polyv1nyl Chlor1de (PVC) was ut111zed (F1g. )
l). White coloured vinyl covered the sides and bottom of
the stream to aid in the-observation of the f;;h. The
erperimental area was surrounded by‘black‘blastic sheering'
ro limit external disturbances. In all experiments,.grouos

. of 20>bropk‘trout were added to the apparatus and~aJpred a ‘ :
two day orientation perxod. After the 1n1t1a1 orxentation
period, rhe“resg procedure began, which in all’casee lasted .

96 hrs. 1In all.tests, water flow rates in both chambers

were regulated to 2 L/min for a'calculated 99% replacement

-’ .
A ¢ .
A ' .
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Table 2. Monthly (N=7) Montreal cxty water
characteristics + standard devxatton
, (June to December 1985). \
N * ' § ‘
i ’ » . " ‘
Characteristic - . . Value
: I . ‘ . ' . |
Total hardness (mg/L as CaCQjy) 127.1-+ 2.8
T PH. . N 7.40 ¢ 0.1
" Total alkalinity (m{/t\as{ CaCo,) 85.0 + 2.5
. . R ) t . 5 . .
R L I ) ' |
L *  Temperature .(C) . -12r0 + 1.0
N Dfssol?éd Oxygeni(mg/L)3 o 1646 + 0.3
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L

time of 4 hrs (Sprague 1973). On alternate ‘days of all
experiments, both chambers were analyzed for dissolved
oxygen by an oXygen meter (Yellow Springs Instrument Co.,
model 54AJ. ~Saturation never'fell below 8¢ percent
throughout all exper1ments. Routine cléaning of\the stream
apparatns and repeated timlng .of flow rates. was undertaken

»

in between exper1ments. A clear plast1c covered -the stream

.appaxatus durlng all testlng. During all'teete no mortality

(\\
N

was observed

Lo .

. “ | e
Behavioukal Bioassays . ' .

.

The artifical stream .apparatus was modified such -

. . v \ /
- that one chamber would receive treated water and the other’
.untreatedo(Fié. 2). Initial dye tests and earlier

’ experiments with copper (Pedder and Maly 1985) showed a

sharp gradient between s1des. Initially dilute (ﬁ.l N)

sulbhric acid ('BakerxAnalyzed"Reagent, Fisher Scientific

Ltd.) was added to a m1x1ng tank until the desired pH was
achieved. The treated water was vxgorously aerated w1th

compresskd air through air stones to remove excessive CO

- and then Snmpaqito a head box from wh1ch water -flowed by

gravity to a flow meter (Manostat Corp., New York) whlch

kept the flow rate constant. . Control water. passed into d

o
-

13,
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regular 1ntervals at two separate areas of eaclr chamber

-~ ' ¢
o . A

separate head box and th;ough a flpwhmeter to the cbntrol'
chamber of the stream. Drainage occurred at the undivided
end of the stream where the test organishs hadAa.choice of

the waters. L L
brainage water (a eombfnatioé:of treated and
ufitreated water) wa;<re-routed to the mixing ehamber‘(Fig.
1) where dilute (6.1 N) sulpnuric'acid was added from a h
mariotte bott;e (Leduc 1966) by ©.86 mm 1ntramed1c
polyethylene tubing (Clay Adams) with a controlled flow rate
untll tﬁe des1red pH was reached and the cycle was repeated.
During testlng a pH eleetrode‘(Radiometery‘Cepenhagen)‘
recorded pH levels of the test water with a rererence buffer
standard. The drop rate of the sulphuric acid&was regulated
accordingly within an upper.and lower control level ( + 0.2

T

of the de51red pH) to keep a ‘nearly constant pH level, The
7L

PH level of the control and treated water was taken at -

(Fig. 2) and are symmarized 'in Table 3..‘Teﬁﬁeratures in

both theucontfol and treated’chambers‘were retorded by

N R

standard mercury thermometers and found be 12.# hd 1 % C and "~

.t
o

13 g + l @ C respect1vely. . oo I -

All tests lasted 96 hr after the de51red PH was

Al

'obta1ned in ‘the test chambera Groups of 290 trout were;;aded‘

to the apparatus,“lenonJeach-side, two dayslbefore the

[3 v )

.H':
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¢

. commencement of testing; Flsh were fed on both sides of the

,,

apparatus durxng the orxentatxon perlod but were starved

during the test period .

In botn'conttol and test conditions, the poaitions

of the fish were recorded with a video Samera"Hitachi

" HV-17Aa0) placed above the stream apparatus.- Twelve 8 hr

.

Y

video .tapes (Hitachi T-160) recorded the behaviour of the

’

‘fish toward tne contaminateéiwater and the’other . test i

1nd1v1duals throughout the 96 hr test per109-’ﬁdring tne

[ e

darkness cycle of the photoperlod an illum1nescent ed light

(Silvania, 15 W) and an ultra sensitive-lens_(Hitacni’ .

-

.5V-125AI, g. 5 lux) was utllxzed

The t1me fxsh spent in the’ separate chambers was . i,
determined'by v1ew1ng the B-hr video tapes on a vxdeo

mon1tor (H1tach1 VM- 173) and countlnq thé txme perxod a ™
s

' ngen numbez of fxsh were 1n the contam1nated chambet. .

- Total amount of t1me fish spent in the treated water was.

calculated for each 24 hr perxod and’ analyzed by Chi square
test (Zar - 1984) to determine goodness of flt to a SU% - 50%
d1str1butLon in each’ chamber fd;,the 96 hr "test perlod

A second electrode (Radxometer, Copenhagen) was

placéd at the drainaje end of the control chamber. The

‘electrode was attached ‘to a d1glta1 dxsplay boaxd (Conco:dia

University Science Technlcal Center,,Montreal) from whxch PH

)
L .
L L T

- N . ’ . o

17
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é h
.
. ?
. »
'

readings-could be viewed on thé video monxtor to watch for

any infiltration of treated water to the control chamber.
Although not statxst1ca11y recozded, observations of.

1

social interact1ons, such as aggression, dominance and

terr1oriél1ty, here«kept during the viewing of the separate
' &
Ana is of water

Water

contnol and test assays for comparlson.
chemxstry was by stan&ard methods (APHA 197
were recorded.

e

characterxst1cs for c0nttol and tteated wat

.

daily and are summarized in Table 4;
‘Three control experlments took place; in June -

£

(CQntrol #1)* July (#2) and December 1985 (#3), while
5 g and 4,0 wexe

Cﬁfgiiftken in August and Sepbembef 1985.
N . l‘ . » * Q ) "o * . .

behavioural tests concern1ng pH 6. G, 5.5,

18
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8

Physiolpgical'Bioassaxﬁ R
P 1}

Tést organisms used were housed under the same

conditions as those utilized for the behavioural assays.

. . \

- Test water was delivered on both sides, through separate’

fléwmeters, with the flow rate ﬁnchanged (2 L/min). Drainage
was re-routed to the'mixing tank, equipped with a pH
electrode, where fresh water and diiute (8.1 N) sulphuric
acid was added. The treated water was ?erated as before,
with the pH of the wate} aéjusted within an upper and lowgﬁ
control level ( + @.2 the desired pH) by increasing or
decreasing the drop ra;e of the sulphuric acid in the mixing
tank. . S |
Reqular water samples were taken and are summarized
in Table 5. A thermometer on both sides showed average
temperature to be the same at 13.0 + 1.0 C.‘.Watet
characteristics for the treated water are shown in Table 6.
After the desired pH w;s reached in the test apparatus, the
test peritod (96 hr) began, Tgsts at pH GZG, 5.5, 5.8 and

4.0 ’took place during October, November and December o;,

1985,

20
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Plasma Ion Determination . S - T s .

.
. .
» 4 -
L

After the conclusion of all the controls,‘ , ) ,
béha&iouéal, and physiological, ;xperimenté the ﬁisngefe
Anesthgtﬁ;éd with MSA%22 (tricaihe1methane'su1phoﬁate, Sigma :
'chemicalg\Co.).a£ Q.l g/L;i Then the fi§h were killed by g-’

 ‘b1ow to the head and‘blediimmediately from' the caudal region

)

into a 1.0 ml sterile syringe (Becton Dickinson Co.) and
then weighed. The mean'fish-weights (Table 7) for eéch ﬁest N
" ‘were found: not' to differ significantly by a one-way ANOVA (F

= 2.106, DF = 1G,§G9, P < @.065) (Zar 1984). The blood was

- 12

transferfed inte a 1.5 .ml Eppendorf micropipet and put on

ice for 15 min.- The bldod was then. centrifuged at 11,500

,xmp for 15“min with an Eppendqrf'5413 centrifuge; Plasma

was reQ:veg with 5@ ul micropipets (Fishef) and 'transferred

) . .

into either 10 or 25 ml glass volumetric flasks (Kimex,

USA).

¢

-

Plasma ion (Na*, Ca2*, K* and Mg?*) concentrations :

«wefe'determined, using the appropriate séandatds, by flame

' : . YRR :
" atomic absorption spectrophotometry (Perkin-Elmer Model 5@3)

. \ L
according to Bhattacharya . (1977). To test for differences

- - . : el
‘between’ the variances in plasma cation levels of the ¢

» o

‘
. ‘
.
. ] , .
- ce :
. . . .
. . .
.
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, Table 7. Mean fish weights ( + S.D.) of test organisms . . \
) } . for each bioassay (N=20). . o :
) ' i . y . ‘ .
4 . : .
. ‘
- ! AN
- . ,/’ 'y
, o/
. : e o C — /7
g A . Bioassay - -+ . .~ 7 Fish Weight (g) - o7
K . . . 9 S :
“ontrol #1 . ‘ , . 53.3 + 14,2 et s
.- . control #2 .. - . 50.4 +'13.8
Control 43 ' 56,34 16,7 . v,
Behavioural pH 6.0 5 ‘52‘.9'1‘12.4'. } C.
[ . - . N k . . .
| | 5.5 ... 53,8 4 11.6 .
. 3 . o - B . %, . . ,‘\,‘
o 5.0 s sl24 1007 .
4.0 o . 53.1°#% 12,3 -
ph.y’s iolog ical ‘;1.'0 ) | * . s ‘g‘ B ' 58.2 .i 9. 2 ‘1 i e .'. , v
| ©uS.s - T 83,84 11.1 ”
, 's.8 0, | 49.6 + 12.8 cot e
o 4.0 - 58,14 10.5 ;
+’ ‘ ' A ' . . N . , H
[’\s-/’/, -
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-

. ‘behaviourél'and,bhyéiological'asséya a two-way F-kesét(zar

[ o

.1984) for c6@pétin§ variance was~performed; A one-way ANOVA
(Zar 1984) was utilized to test fof.whether a sighificant_.
difference occurred between’ the mean plasma levels i*r)‘su'mmef°

+ ., and winter.
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- e : ' RESULTS

‘Behavioural Bioassays

. N . o - w
In all controls ang with the tests at pH.6.0 and

: 5.5, there was not a significant_departure from a 50%-50%

distribution. In both summer control experiments the mean

- 3

. pe entages of time the fish'épent in the tesr|chamcer were
49-5-1 0.4 (x2 = 0,021, P > 0.75) end'48.f + 3.1 (x2 -
Q.BGG;OP'> G.Z?)J Thefinal confro}'test was done during

' the.winter, after the completion of all-testing, which found .
the fisn.spenQing 53.5 + 4.5 percent of the time in the test |
_chamﬁer‘with'a x? value of ﬂ‘493‘(P > a. 25).‘

- In the control expetxments soc1a1 behaviour

]

influenced spatial arrangement on both s1des of: the

’

apparatus. Social interactions such as aggression,

' terrioriality and dom%nance were observed, . Normally during

the firﬁt few houre after.the fish were put in the apparatus L

- a dominance structure would develop. %uick establishment of

‘a dominance hierarphy has been commonly reported from ?'
'behavioural studxes concerning brook trout (Fremeth 191;}

‘Gibson et al, 1981). Dominant flsh would protect the end .

\

- area of the separate channels where the water inflow-

e : _ e

—a
-

v
"~



occurred, while other test individuals. would spen'

C ) : ¢
time swimming in between these two areas. Whem individuals

their

-

.approached a dominant fish, acts of aggression occurred,

27.

This usually meant aftempts at fin biting foiiowed by a A
. o~ 2

chase with the winner r;turning to claim his area. Such
aggressive actions lastgd the length of the test period\(96
hr) and have -been ‘reported by other authors "(Gibson 1978; '

’

Chiszar et al, 1975), ! B '

3

The mean pe¥centages of time that the trout were

present in the contaminated chamber during the test period_

\
N S

are presented }n,Fig. 3. No avoidancé'was found at pH G.d
(47.9% + 0.8, X2 = 8.172, P > 0.50) and {:zg\fe;ence changed
little over time (Fig. 4). At pH 5.5 somenévpféance
occurred early in’the test (Fig. 4)obuE it could not be
cﬁnsidergd significant w;th thé total petcenta;e of ;ihe ‘-
spent in the t;eated-chamber at 44.3 + 8.2 (x2 = 1,555, P >
0.25). . | . s .

Avoxdance of the treated water at pH 5. U was ev1denﬁ
w1thin the first 24 ht where the fish. spent only 18.0-
percent 6?\the1r time in _the contamxnateq chamber. " However
as time progressed,gav01dance of the teét chamber decreased
(F1g. 4), with the :esg 1nd1vrduals,spgndlgg 45.4 percent of
' their time in the treated Fhannél by'the iasﬁ,daf. The .

. actual avoidance percentage for the 96 hr' period was 25.8 +

.
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3

f{Figute 4, Déii&'pe:centage of fish located in the . C.

‘contaminated chamber over .the 96 hr test period.
. The open boxes, squares and .triangles represent
) ‘the controls, with the closed symblyls the
separate pH levels (diamonds repres@nting the

test‘at pH 6.0, boxes - pH 5.5, c1rc1 5 - pH 5. B, -

. and tr1angles - pH 4.0).
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A , o .s_—j' l - -
16.3 (xZ = 24,980, P < .001), with the large standard

deviation confirming ‘the chénge-in channel preference over
time.

During the test with pH 4.0 test individuals were

present ih‘the treiped channel for 8.5 percént during the

first. 24 hr, less than 1 percent by 48 hr, followed by’
aMwpost complgte avoidancé. Total percenﬁage,test

;individuals spent in the contaminated chamber was 2.85 t 3.8
Xz

i

(

-

= 85.353, P < .001).

\ - N .
When early avoidance of the treated chamber occurred
® .

A

" with the test at pH 5.5, crowding in the control chamber led

to an increase‘in aggressive behaviour by séméu%f the test
individuals, ' This aggression resuléed in some of the.fisb
‘choosing to return to‘the,cdntaminate& chamber, creating an
éveﬁ dispersal throughout the appafatus. The highest pH
level where the treated water.changed spatigl distribution
wés at the test at pH 5.0. During tpe firs} 48f;? of_ihis
. test, dominant fish were not able to keep individual areas

of the control channel to theméelves. Subordinate fish

hduld choose to subject themselves to aggressive behaviour

rather than enter the pH 5.0 water. At the later stages .of

the test, preference for the control.chamber degfeased'(Fig.
4) suggesting that certain fisq later decided to choose ap

open, less desirable environment than crowded appropriate

(Y

,30



"

°

,

L -

o

water. W1th the test water at pH 4.0 all the test’ o

1nd1v1duals congregated in the control cha nel by the end of

¢

the first day of testing. Fish only enter d the .
xcqntaminéfed area when physicpily'harassed and chased by'

other individuals.

‘The taped recordings of the fish behaviour toward,

. R = . .
.the contamination revealed changes ‘between day and night

‘.periodsL During the darkness cycle. there was a marked

o

‘&reduction.‘in movement bui:_patterns of distribution and’

'

‘ 'movement weye similar in 11ght and dark.. The trout showed

¢
>

1

that they coulé ccllmate to the, test waters,’as in the test

at pH 5.0 vhere avoidance decreased.wlth.tlme, in both lidht

and dark.

b ey,
" .

\Plasma ion fluctuations '

L

The concentrat;ons of all ions (Na+,,K+ ‘Mgz+ aﬁd

*“~Céz+)'in ‘the three sets of conttol testS‘are lxsted 1n Table

-

8. The only 'significant d;fference (P <'0:05) seen-&étween

KW
the seasons is the decrease in potassium levels during the

winter. Under test conditions definite trends were seen

} wifh‘thé varying pH levels. Sodium, potassium and magnesium

9
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‘Pable 8. Plasma ion levels (mmoles/L) of the. three
controL.tests (N=203). '

7

b 8 .
Control, #1 Control #2 ' Control #3
(June 1985) (July 1985) (Dec..1985)
\ | = )
Nat  \170.9 * 7]0 169.9 + 8,90, 176.5 + 16.7
K* 3.59 + 0.10 3.47 + 0.15 © 3.18 + 0.36
Mg2t - 1034 + 0.23 . 1.29 +'8.15 1.29 + 8.10
ca?t 2,11 + 0.23 , 2022 % 0.17 2.17 + 6.18




levels were found to decrease w1th rncreasxng acxd stress,

whereas calcium ion levels xncreased. These trends were
i ' A ) . .
established by the plasma ion determinations of the fish

which were subjected to acid «conditions with no choice of

! waters (physiological assays). :

The change in cetib concept;ations.due to varying
levels of aciéi{y are préesented in Figures 5 through 8,

--Sodium was found to be the most abundant 1on during wlth Mgg+-
hav1ng the lowest. leveis. In all ‘chges control #1 .
represents control levels for the behavioural tests, with
;éodtrol #2 for tﬁe physiological tests.’ |

b“ Cencerﬁiné the physiolodgical assays, Na+ (Fig.:sr
showed the most ebyious.eltefation over the diffeyent acid
le;els. Over a 96 hr period there was a reduction in plasma'

’,Na+ of err 20% 'if pH 4.0 water, when compared to the

™. control, with an average reduction of 37 mmoles/L from’

. control levels. ’

- , With the behaviour tests:the lowest leve}s of plasna

- ' . \ .
Na was recorded with the test at pH 5.5, avdidance of the
acidic water at the lower levels (pH 5.0 and 4.8) allowed

N the test individuals to maintain higher sodium levels. ‘The
: Co ' : ¥ '
- higher Nat level at pH 4.¢ represents the-almost complete
— . 'avoidance of the treated.water with Nat ion concentrations

‘' similar to .the control levels. The mean Nat ion 'level of

.33
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-the test specxes 1nvolved thh the behavioural test at pH

6 g, suggest little change from the c0ntrol 1evels. Whereas

the large standard deviation of the 1on levels ind1cates
o

greater movement between the two chambers due to the varying

-

preferences of the. test indxvzduals. ax .

.y

Potassxum 1on concentrations (physxolog1ca1) ‘of the

test individuals (Fig. 6)~sub3ected to acid condltlons

. m “

Yeclined with declining pH. When the' fish where given a

choice of waters, as witn sodium, little difference ocqurred'

between pH levels 7.4 (control), pH 6.8, and pH 4.0, whereas

.

a significant decline was seen with pH 5.5 and pH 5.0.
. 9+

4

Plasma Mg concentrations (Fig. 7) showed only é

. small ‘decrease over. increasing acid stress with the

physiological assays. Sihjlar results were seen between the

control levels and with the test at pH 6.0. The -initial

! 3

decfeese in Mg2+ leﬁelgﬁis seenn at pH 5.5 followed in order,
at pH 5. 0 and pH 4.6. With tn:qbehavioural tests, the same
trend continued that was seen w1th the before ment1oned ions
(Na* and K*). Little variation occurred between the
control, pH 6.0 and pH 4.0. TQZ nejor jon fluctuations
occurred at pH levels of 5.5 and 5.0. - Again the large
standatd deviation was evidence of different preferences

within the test population. Nevertheless, average plasma

magnesium concentrations of the trout given a choice of

"!.-'

35



Méan.plasma potaésium concentrations ( + S.D.)

.at the different pH levels of behavioural and

physiological bioasgays. With the open circles
and dotted lines replesenting the ‘behavioural
bioassays and the closed circles and the-black
lines represehting the physiological

bioassays.. - . .

tr . g ’ ' 1

-
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‘ahd dotted lines representing the behavioural .

../ . A ¢ ’ %
S 7 2 o o
Meén plasma magnesium concentrationd ( + S.D.)
at the different.pH levels of behavioural and

physiological biocassays. With the open circles

bigassays .and thewclosed circles and the black v
i yxy'si‘ological - N
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- watets at pH 555 were sllghtly lowe: than the’ fish a110wed

no preferenee. ' ~ T &
Plasma calcium (Fig. 8) was the only ion tested to
actually increase when subjecied to increasing acid séress.

Although little change.occurred-between control levels and
N\

pPH 6. ﬂ, there were abrupt 1ncreases at pH 5. 5 and pH- 5.0

bhefore 1eve111ng ‘off at pH 4.8, The 1ncrease from contrgl

-~

,levels to pH 4.0 ‘was the hlghest percent alterat1on of all

jon fluctuations (over -25% ). B -

’ - With the behavioural'te;té the abrupe 1hcreaee of
calcium was egain observed from the -control levels of to pH
‘6.0, up to a. peak at pH 5.5. - A sl1g@y;£rop occurred at pPH

Srﬁ with avoidance at pH 4.0 bringing the calciumllevels

" .close .to the confrol levels.” Overall calcium had the

" largest ipon level ffuctuatidns, while havingrthe smalLesf

-

standard deviatiens. Co.

LY

Corncerning the’‘other ions it appears that the

standard deviations were greater with the behaviour tests

. gather‘than the physiological test. Altheugh this would

-

seem reasonable, due-to the'presence of different water

conditiogs in the separate chambers, this observation was

dnly found to be significant with Nat values when tested by, :

a two\&ay F-Test for variance, J )Y
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Mean plasma célcium’concenﬂrations ( + S.D.) .
at the different pH‘levels of behavioural and
physiological é;iifgays. ‘With the open circles

and dotted lines representing the behavioural
bioassays and thé closed circles and the,black.
lines representing the physiological
bioassays.
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.- Behaviour Studies

"toxicant induced change in living-systems."

'‘DISCUSSION ¢

v
~ -

.Q " .. T
Behaviour, be it genetic, acquired or both, is an

ad;ptive’réspdnse(to environmental variables of physicél

_chemical or biological .nature (Kleerekoper 1976).

Modification of behavijour by toxicants may change the

ability of the organish'to deal with its environment.

- Changes in orientation and locomotion resulting from an

t f

‘environmental pertubation could cause alterations in an

oréanisms ability to procure food, escape from predators; or
teproduce (Kleerekoper 1976): Warner et al. (1966, in
Johnson and Webster 1977) concluded that "quantitative

behavioural change is the most sensitive indicator of
o . o

t

. Attraction to i:;&jganE’SE'contamination.will more
likely bring on a physiological response which ‘can be ‘

. measured, .such as death, in the short-term. However,

observed short-term avofdance'may decrease over time,
Therefore organisms may return to a contaminated area
causing detrimental physioloéical changes) which ultimately

cauge a reduction %n a speciesg population in an ecosystem.
FWAN ' .
a :

s

0\, 7 . ! . . . »
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My .study investigated the behaviour of “brook trout

provokéd by depressed pH contamination over 96 hr intetvals. -

The behayxoural response of fish toward thla or any other
contamination 1s crucial when‘attemptlng to assess and
qontro} the repercussions of a toxicant. The vast majority
of behaViqural tests (Jones 1948; Hoglund 1961; Ishio 1965;‘
Kleerekoper et al. 1972; Westlake et‘al. 1974; Hara et alf
'1976; Black and Birge 198%; Giateina et al. 1982; and Jones
et al. 1985b) ipvblve short-term (less than 3 hr)
ebse}vations of singleé organisms subjected to sublethal -
toxic levels.

The artificalﬁstream apparatus provided a shafp
gradient between ordinary and modified waters, unlike that
‘which er wou}a usually encounter in nature, \Iehio {1965), -
squesped that behaviour in toxic solutions depended on the
_gradient of the infiﬁtratio; as weli as concentratfon}’
Other. authors (Kleerekoper et al. 1972; Westlake et al. -
1974) lave reported orientation éxfferences w1th changing
grad1ents, however,’ this has only been recognlzed with low

levels of copper (less than 56 ug/L) and thh certaxn

species: goldflshl( Carassius auratus ) and channel catf1sh

( Ictalurus punctatus ). 2 )
. ) ! "
However, Giattina et al. (1982) ﬂbund no differences

in avoidance- threshold levels when exposing rainpow trout to

¥

41
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shallow and steep gradients of‘coppei and nickel. Since

e A

£ o f

Giattina and his cd—workeré (1982) showed that fish had no
. ' ' o . . .
specific orientation behaviour. toward shallow or steep

gradients, 1 agree with their thought that, due to the ease

 of qhéntifxing and analyzing the response, a steep gradient

~

would seem more appropriate method for determining
behavioral responses. Furthermore, the experimental design,

including iong-&erm monitoring, 12 hr. photoperiod and usage

of groups of test individuals, rather than single

.individuals, is more realistic than previous studies-.

To date only %imited research has determined
behavioural affects of acid to fish. Hoglund (1961)
reported that fish, upon contact with acidic water would

. . o \
back off, then move .forward, repeating this process several

mees, Jones (1948) found that sticklebacks would avoid '
water more acidic than pH 5.6, Ishio (1965¥%%reported that

P ' . .
fish were able to detect and" avoid high and-low

concentrations of hydrogen ions. Beamish et al. (1975)

suggésted that behaviour toward low pH may have negative

effects on breeding fish. 1In the field, Johnson and Webster.'

(1977) found that gtavid females avoided breeding sites

acidified to pH 4.6 and 4.5'héweVer, discrimination was not
. - h 't h Y CEY

evident at pH 5.0..

T

¢
+

MacFarlane and Livingstoﬂ (1983) stqdied~tﬁe

S r
“ B M
| v . .
Al
‘v " o N
. ' ' " ~ - 1]
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t

behaviourdl response of Gulf killifish, Fundulus gqrandis ,
‘ o [

-

to ¢ontinued exposure to sublethal levels of acid. They

found that a threshold level of pH 5.5 was sufficient to

)

disrupt the’ normal d1urna1 activity of the fxsh

Unfortunately the researchegs did 27{ reduce’ the 1ncreased
’ - ' * . _,__\

CO2 concentrations reported in the water durxng

acidification, hence Qhevfause of the disruption'could not

°

be pxnpo1nted\\

<

Investlgan:s looklng at the role of CO kHogluné

2’
1961; Yoshlk et/al. 1980;" a&g Jones et al. 1985b) have '
concluded thé&\gndé"“gcxdlc conditions at or above pH 5.5,
. fish avoid Fhe treated water due to presence of hxgher
levels of C02,'whiéh could be related to p0551b1e '
tespf:atory stress. ' My results show that ehe fisﬁ did not
show aQoidance behaviour above pH 5.5 in decarbonated ha;er.,
‘Strong’ avoidance reactions at pH 5.0 and 4.0 (ﬁig.‘3) | -
' suggest that fish can respond to’gfadienés of high H*
concentrations. My findipgs with brook trout support.the:
findings of Jones et al. (1985b) who found that qrctie ehar,

[y

Salvelinus alpinus , avoid water more acid than pH 5.5. e

"

Such results would point to a dual avoxdance{gystem (with C02
being the stimulus above pH 5.5 and Ht at lower pH levels)

as suggested by-Jones et al. (1985b) thezeby 1ncrea81ng the.

K
survival of fish populatxons in nature,

¥
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Avoidance.thresholds did not differ between our
‘study and similar tests with single Hnd%videals (Jones et
al. 1985a; Jones et al. 1985b). However, obSe;vatione of
sociai behaviour demonstrate ;hat dominance and

territoriality can influence spatial arrangement in a
- : \

¢

contained area.- Fish may be entering contaminated water to

escape agéressive behaviour, .
In control and with the higher pH tests, the
. i ¢ Lo
dominance structure was quickly achieved and lasted the -

length of the test period. Quickly established and long

lasting dominance within brook trout populations is ‘a common

occurrence (Fremeth 1973), however during the first day of

4

the test at pH 5.5 and con;inuélly during the tests at pH
4.0 and’S.G‘aggressive behayiour causeé the deminance
hierarchy to change often over the test period.

, The change in preference over the test per1od (96

hr) seen W1th the test ‘at pH 5.0 (Fig. 4) suggests that

trout can recogn;ze a pertubation but may acclimate to

hazardous conditions over -a lohd term study. Acclimation to

contaminated water has not been examined in any detail
during most behaviour tests. As m?ptioned by Cripe (1979)

results based upon short-éegm,monitoring do not take into
Lo

consideration possible effects of long-term expeiﬁfa\such as

acclimation and behaviour response to-the toxicant ‘in

I\v °
.
I3
.

.



darkness. Concernxng the latter, we found no change in

attitude toward the contamxnatlon durlng darkness, only

i

reduced moevement which was observed during all co.trol-
' testing. - oo
’ ' . . . AN P
Such results would suggest the importance of

studying long-term behavaoural response toward envi:onmehtaLf

contamlnaﬁ%s wh1ch enter natural systems over a long period

°

of time, such gs depressed pH condxtxons during spring

run-off. . Species which spawn in the spring, such as rainbow

tfout, Snlmo 'gairdnéri and lake trout Safvelinus .namaycush
1Gynn and Kellér 1984) may initfalfy avoid acidic spawning
streams between pH 5.6 &nd 5.5, only to spawn later in\tne
samé acidic conditiqns. Furthermore the préference-

] / . ’ .
avoidance response to metald such as 3luminum, known to be

mobilized from watersheds under acidic conditiaﬁﬁ, should ‘be

.quantified to assess the full impact of pH depteésion on .

fish populations. . . - C
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thsiofgby studies . o o
éi;_' . The gills of freshwater fish éerve a varieﬁy of
Al‘ﬁunctiéns?but first andbfo;emoét they are the resbiratory;
organs (McDonald 1983). Since the gills are responsiggé be
' the exchénge of respiratory gases, they are also the site
for the diffusional loss of ions. since freshwater fish are
hyperosmo;ic,‘they extract sodium and chloride from the
environment. To méintain'elecgroqéhtrality sodium ions are .
/} e&chénged‘fqr'blood ammonium ioné, while chlogide iops are -
..changed fbr blood bicarbonate ion§ (Evans 1975).
mhesé eésepﬁial ions {Na*, C17 and to a lesser
degrée K*). are transferred across the gill epithglium by
" (Na*, K*)-ATPase and ca2t-ATPase dependent ionic éumps (De
Renzis and Borpancin 1984) . ‘They are also responsible for
‘ B ; the extrusion of the metabolic by-products (HCO4™, H* and
, "ﬁH4+); Excretion of HCO3~ allows for the loss of -~ ' .
'respigatgry CO,, while the excretion of H* and NH4+ provides
ﬁof the loss of metabglic aci? and nitrogeqoqs-waste g
respegt%veiy (Forster and Goldstéin 1969). An increase of

i

environmental H* concentrations causes an influx of H?

across the gill, thereby elevating blood.ﬁydrogen ion ,

'

4
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. !
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levele,

) WheniMcDonald and‘wOod‘(l98l),coqtipuall§ exposed
f1sh éo low pH they found that the kidney;could‘only'excrete
a portxon (roughly a third) of the blood- hydrogen ions whee
under continue§ acid exposure. McDenald'(1985) reported

* that 6ver 90 percent of the ammonia produced'endogenously.is
Texcreted by ‘the gills, while McDonald et al. (l983)\f99nd
that branchial ammenia excreti®n during'acid’e*posure was

" not_ affected by changes in the H* lnflux. Suc# results'
‘wogld suggest that ammonia excretion does not play a major
role in Ht excretion dur}ng'apid's;ress.

The increase of H* influx at the gills results in

substantial plasma acidosis (McDonald and Wood 1981). This
in turn causes a bontiduing intracellular accumulation of H*

and a correspond1ng loss of other cat1ons (C32+, K*, Mg2+

K

and Nat) from the body fluid compartments (Spry et al. ;
',1981). These changes cause a reduction in plasma volume, as ‘ -
.indicated by decreased blood volume and increased hematocrit
and plasma protein concentrations (Milligen and\Woba 1982)
- thus increased blood viscosity and pressure occur. - °.
Furthermore, since fish respond t: stress by releasing ‘
‘catecholamines into the circulation (Mazeaud et al. 197;),

adrenergic effects such as vasoconstriction and

cardzoacclexatxon could augment the problem. These changes

[%)
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f
’ K

would result in a gxeater cardxac effort, decreased tissue
Bitfusion, and tissue hypoem1a, which when severe enough

could lead to death (Milligan and Wood 1982) as 1ffﬁstrated
: ' -

® I

in Fig. 9.

‘h4

_ Waterborne Ca concentrations seem to be correlated

to plasma ion fluctuations with the lower epvironmental ca?t
associated with higher ionic effluxes (McWilliams 1982).

Calcium is believiﬂ to bind to at least two sites involved °

in ion regulation: to the tidht‘jgnction and to the Nat
'transport channels (Mchna1d1¥983)._ This allows an'/f/

increased access of Na+£;o the transport channels, causing a
. X s ’ -
greater efflux of sodium, which has been shown by a number

2+ . y . ), '

of studles with Ca antagonists (Cuthberth and Maetz 1972;

/!
Eddy 't1975; Greenwald and Klrschner 1976, Eddy and Bath )979,

~

and Benos 1982).

My f1nd1ngs~1nd1cate the abllxtybof 1ncreased H* to
cause disruptions in 1onoregu1at;on thh-moderate calcium .
levels (CaCOg = 1.2 mmoles/L). In hard water; acid-base
disturbances are believed to accompany ion loss (Spry et, al.
1981). Such an interaction sho&ié be axpected.sincg it is
known that ionoreguiationvand acid-base regulation are to .
some degree coupled to eleatroneutral exchané;s.at the gills'

(McDonald et al. 1983). : : A : .

The high .loss of Na* reported here (Fig. 5),
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N .

correlates to a° multltude of other stud1es (Packer and
Dunson 1970,,Maetz 1973, McWilliams and Potts$1978; \
quilliams 1980b; and McDonald et al. 1983), .all of which

report major Na* reduction in plasme;due to low pH

2

N ] b 1
.conditions. The effect of low 'pH on C1™ ha#“not been as.

o~

extensive1y~s§pdiéd, and was not examined in this study,
Stﬁdies (Mcwilliams and Potts 1978; McW1111ams 198ﬂa,

McW1111ams 1982) have indicated that low pH has sxmxlar ‘ ~
[ v
effects.upon Na* and Cl™ efflux.

) e

_The similarity of these ion effluxes can be

LY

explained by the fact that any neutralizafion due to Ht

'tltrat1on -must . be accompanled by e1ther a reductlon of

. . P,.‘/

cation cohcentration or an increase of alternatlve angon .
Spry

» . - . [
.

concentration for.the maintenance of electroneutrali

13

et al. 1981).‘ An} slight difference betwéen effluxes can be
o
explalned by the fact they work by different mechanisms, Nat

4
research comparing sodium and chloride reductions in plasma

/H* .or NH,+, C1~/HCO.- or OH- (Evans 1975). The latest
3. S ;

due to acid stress was eompleted by Giles et al.l(1984) who

reported identical alteration§ with both ions in rainbow
, .

trout, Salmo dJairdheri (Flg. lﬂe.

The other cat1ons known to undergo alteratlons 1d

. Plasma concentrations (K%, M92+ and Ca? ) have been reported
Lt -

. to decrease concentration, increase concentratioh, or remajn

2
.



F1gure 10, Similar quant1t1at1ve sod1um and qblorxde~
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. differences. ' Lo

BN

unchanged. A comparison of ian fluctuations due .to
depressed pH is difficult, because the results of most lab

and~field studies vary accgré?ng to water chemistry (iLe{

7

[Ca2+]), season, duration of.expogure apd species (Fraser
A

and Harvey 1984).
/

0 - '
In our study we found that Eﬁ@assium levels dropped
"o ¢ .S

éteadily from approximately 3.50 mmoles/L in the summer -

céntro;s to 2.30 mmoles/L at pH 4.06. Mudge and Neff (1971)

2

exposed brook trout to pH 4.0 for 72 hours and found ‘an
increase in serum potassium for the first 12 hours, but then
fouhd that plasma}K*? levels showed a marked decrease over

A ”~ " ' -
the rest of_;he_;est period. Dively et al. (1977L reported

\higher potasdium levels of brook trout §hbjected to pH 4.2

water {jfan control fish, however 6n1§ in fish subjected to
. )

.acid water for-less than a day. Fish exposed for 5 days

were found to have similar potassjum levels to .controls,

with considerable variation reported due to seasonal,

Other studies have reported increas%j>in Kt
concentrations in plasma, working with otherspecies such as

rainbow trout (McDonald and Wood 1981), white suckers -«

K
L J

(Fraser and Harvey 1984) and brown trout (Stuart and Morris
1984). On the other hand Barton et al. (1984) found an

average drop in plasma K* from 4-5 mmoles/L to 1-2 mmoigs/L

a .
LI . !
I3
4

f

52



'~ with pH levels of 5.7, 5.2 and 4.7. °

s Stuart and Morris (1984) investigated seasonal

. - v i < . ’ i
- . . h“ )

when subjecting juvenile rainbow trout for 5 days in waters

(,ﬁ N

effects on ionoregulation and found that ‘potassium levels

. were significantly higher in summer than in winter. My own

-

>

data showed similar findings with summer control levels of

'

3,59 and 3.47 with a winter level of 3.18 mmoles/L (Table

8).

The mosﬁ complete study undertaken congerning ionic
r

imbalance of brook trout due to depressed pH levels was

undertaken by Smith (1977). He subjected trout tu:pH values

" of 4.0 to 6.0 at @.5 unit increments in low Ci}CQPm water

(.3 mmoles/L) for a ?éne month period. At -pH 6.8 the
ayerége.éotassium‘level was 3.0 mmoles/L, while all lower
levels showed a drop in plasma K* concentrations (pH 5.5,

2.1; 5.0, 2.3; 4.5, 2.2; and 4.6, 2.5). Although npt

~ ? s

consisterit with previous studies with other species, this

\

long term study supports the findiné; of my study, and

o

points to a reduction of plasmﬁ potassisk\ii‘brookltroui
when subjected to low pH conditions.

#ll previous studiesﬁinvolving magnesium (Smith
1977; Fraser and Harvey 19§4; and Gile# et-al, 1984) pave’

reported a decrease in magnesium levels with increasing acid

stress. Fraser and Harvey (1984) .reported a decrease of '
"X

!



5b.

whit; sucker plasma magﬁesium‘ﬁrom 2.12 mmoles/L at pﬁ 6:6
to 1,86 mmoles/L at pH 4.0 ghen exposed for 19 days. Giles
et al, (1984) subjected rainbow trout for 22 déys and
,repértedoan average decre;ée of 28% in plasmé mégnesium~
concentrations at pH/}fb from control (:ﬁ 7.5) levels. ' .-
‘Smith (1977) found a drop in magnesium levels of propk’trdﬁt.'
from 1,7 mmoles/L at pH 6.8 to l.4 mmoles/L at pH 4.5. My
results follow the éame trend with magnesium concentrations
decreasing ffom'control levels of 1.3 to 1.67 mmoles/L at pHI
Plasma calcium levels, unlike magnesium have long
been investigated in regard to acid stress. Beamish et al.
(1972) suggested that-the long-term failure of calcium
feghlation may be the priﬁary factor for tep:oductibn
failure in acidic lékes. In this study a steady increase in’
calcium Qas found in the plasma of acid e*posed prook trout,
as was reportéd by éﬁith (1977). Findingsuw%th other

-~

species show no specific trend with decreasing pH levgiii_ﬂ__
2+

} .
Fraser and Harvey (1984) found an increase'in Ca in white

" sucker plasma when}subjected to acid conditions down to pH

4.0,‘while Giles et al., (1984) fdand a decrease in Ca2+ in

the plasma of ‘rainbow trout exposed for ézudays,'as did
McDonald et al., (1980) who exposed rainbows for 5 days.

" Beamish (1972) had previously suggested that bone



M

4

minerals could be involved as buffering sources as well as
: . .

‘-

intracellular fluid buffers. ‘Titration of Ca

»

and possibly
Mgz+‘could'a1ter-the.concént;ation of these ions in the
plasma, having a separaté effect frsm the H*linflux'on ionic
}composition of body fluid compartment§. Since the test
individhals in this research’were juyeﬁiles,,titration from
developiﬁg bones should be conéidered, Unfortunately for
all the Qork:doﬁé in this area, coqflfcting data has -
pxgbented any conclusions xegardigg'mingral,titratisn.and
calcium regulation., ‘ ’

-7

Electrolyte and behaviour alterations

i

£y
)

The mechanism for ayofdance of detrimental pH levels
has not yet been recognized. Our findings and the work done
by Jones and his co—@orker§ (léssa;b) reject Hoglund's
(1961{ thought that high concentrations of H* will not
eli;it an avoidance 'response when not accompaﬁieq with an
incréaéé in éoz. Avoidance of high levels of CO, is |
explained by tegpiratory stress. This stress, however,
cannot explain avoidance of high Ht concen;rations in ‘

decarbonated water, . . ,



sy

"

Hara (1975) studled the olfactory respOnSes to

different am1no acids in rainbow trout at varying pH levels.

'Although-the responses were highly pH deépendent, responsee

were only inhibited below pH 3.8 and above pH 10.@0. .In

fact, peak resporises were reoported between pH 5.0 and G.ﬁ;

-

| Thus'it would seem that avoidance of pH 4.8 to 5.5 is

unrelated to olfactory response.
Jones et al (1985b) noticed that the threshold

levels for changes in behaviour and blood electrolyte

56

concentrations were similar. Species differences in 3

‘threshold levels for ionic imbalance (Lee et al. 1983; Brown:-

et al., 1984) areqnot unlike the vigiance seen with“threshold

levels of species behaviour. The\§indings of this study
support the suggestion that electrolyte imbalance is
correlated with behavioural alteration provoked by acid

stress.

LY

' '3
Of all the bioassays under@ken in this study, the ~
= .
most relevance to this idea are the behavioural tests at pH

5.5 and 5,0 and the corresponding plasma ion levels of the
- ’J N

test species. The major ionic fluctuations were seen with

@

the behavioural tests at pH 5.5. In fact with all of the

" ions except, sodium the average ion alteration in the

behavioural test was similar to the physiological test at pH

L

5.5. Sucn'changes in iopic content can only be explained by

. Q@
v
i



‘
°

the fact that only initial avoidance occurred (Fig. 4) and:

"that the mbvement between the clean'ahd treated chamber

accelerated the ion imbalance. - : R B

Strong. 1n1t1a1'av01dance during the test at pH 5.0
d1m1nlshed over the test period unt11 the flsh showed
virtually no preference by the last 24 hr of the test. As
the test period continued social interactions led to

0

‘aggressive behaviour by the more dominant fish which caused

test individuals to enter the test chamber. Since”the test

water, although not desirable, was not life threatening more
of the test species remained in the test chamber to azoid
the aggressive'béhaviodr of the dominant fish in the control

chamber. This resulted in ion levels similar to the test at
3

pH 5.5. -In spite of the fact the fish did 'not spend as much.

time in the test chamber as with the test atu pH 5.5, thé
higher H* level caused a similar plasma ion imhalance.

The behavioural test at pH 4.0 indicated that once

_the acid stress reached chronic levels avoidance could not

beé reduced over timé such as was observed in the tests at pH.

5.8 and 5.5. The fish showed abrupt avoidance during the

first 24 hr which decreased throughout the rest of the test.

~No amounﬁ of aggressive behaviour could force test

individual& into the test'chamber for any relative amount of

time. Comparable plasma electrolyte levels té control
, ' ) *

"
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CONCLUSIONS

A
u

- In this study 1t has been shown that brook trout *
h- beﬁgv1oura11y and physiologically r;kbond to the ptesence of
depressed pH water. Findings with the behavioural tests
suggest a change in normal social Behaviouf it pH levels of
5.5 and lower. - Trout were found to avoid water acidgfied to
pH 5.0 and 4.0 over the 96 hr test period.” Early avoidance
at éH 5.5 and 5.0 decreased o;er/the test period; Increased
aggressive behaviour by domingnt fish lead to an jnc:ease
o;er time o£ fish'in‘tﬁe test chamher. However aggressive
péhaviour in the control chamber could not persuade fish eé

enter test water acidified to pH 4.0. Significant avoidance

RS

Plasma ion determinations indicate that depressed pH

of the test chamber was determined at pH 5.8 thus the

avoidance threshold lies between pH 5.0 and 5.5.

causes a correiated ion altefation according to the degree
of acidity} Cationic fluctuations in past research yield
conflict{ng results except for Nat loss which is the major
pH}sioloéical concerm. Decreased iﬁn fluctuation with test
.1nd1v1duals ggyen a choice of untreated and treated (pH .4. G.
and 5.0) waters indicates that increased avoidance leads to
less phys;ologlcal damage, while decrea51ng avoidance at PH

5.5 led to hiéhest plasmd ion imbalance.
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L)

Since the chronic threshold for)fish sur&ival is

° considered lower than pH 5.5 for the acid tolerant brook :
s el ’ ) ) : ) o
: trout (Smith 1977), avoidance of acid water less than pH 5.5
: would suggest the fish aré‘capable(of recognizing and P
" avoiding aversive waters., Similar avoidance threshold
limits with less tolerant freshwatér'species such as rainbow !
‘ahd.lake trout would lead to chronic and acute‘physiologxcal
imbalances with 1oh§¢ and acid-base regulatlon and should be
" investigated.. o ‘_ - ‘ ' - o g
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Daily.ahount of time ‘(min) spent in each chamber during

APPENDIX I .

behavioural bioassays.

Control #1

Hr

0-24

24-48

48-72

72-96

Control ti

Hx

Contro}
59,212.8
58}544.ﬂl
59,020.8

58,060.8

Control

57,926.0

64,453.4

57,186.5

56,877.9

s

Test

55,987.2
56.,256.0
\ 56,179.

5Y,139.2

H
H

" pest

57,274.0

50,746.6

58,013.5

58,523,0
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< '
qut'rdl' #3 '
Hr . ' Control - Test
0-24 - . 49,424.6 . - 65,775.4
24-48 " 58,944.0 : 56,256.0.
48-72 . © 48,762.7 ¢ 66,4973
/ . .
y o h )
72-96 " 57,100.8 R 58,099, 2
f .
N — '
pH 6.0 ? \ o
Hr v Control . I Test
g-24 - 58,949.6 56,250.4

' , . o
48-72 ) 60,482.9 © 54,717.1
72-96 . 61,833.3 . 54,16607 .

24-48 . 59,689.0 "II*.(\ 55,511.8
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pH ‘5.5 ‘
- Hr . " Control - Test

0-24 - ‘ 78,438.5 -« 36,761.5
24-48 60,779.2 - 54,420.8

.  48-72 . 58,325.5 156,874,5

7296 . 59,204.6 - . 55,995,4

~° ‘

. ' . ! 2
Hr Control . Test LS

M [

~

g-24 . 103,659.3 11,540.7
. . \ - I
24-48 ©.99,015.9 . 16,184.1 .

T a8=72 80,210.1 © 7 34,989.9

, !“72°9-‘6_ ' R 62'77509 ' 52'42401
'
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A | -
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‘. \ .
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Control

105,421.3 -

113,2306.0

114,516.5

Al

114,500.4
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K4 -

Brook trout ion concentrations (mmoles/L) after the

’ A

behavioural and physiological broassays.

. Na+

Control

.PH 5.0

pH 4.0

Mg2+

CBntrol
pH 6.0

PH 5.5

pPH 5.0

‘pﬁ.a;a .

-

Behavioural

1769 + 7.1

167.8

159.8

© 162.3

\

-\
167.0

S

I+ - I+ 1+

i+

I+,

17.1
15,7
17.2

10.4

@.23

Physiological

169.9

163.3
' 154.,3
15@.5
132.3

&

1.29

1.19
1,16

1.07

1.29

I+ |+ 1+

|+

I+ 1+ 1+ |+

i+

. 8.085

8.05 -

8.9
43§7. . -
6.4
4Q%

5.8 .

0.04

0.04

0.08




Control
PH 6.0
“PpH 5.5

‘'pPH 5.0

PH 4.0

b1

oo
G g+

] ° gopt%ols
h pH‘G.Q
h pH‘S.S
;“ ... pH Stﬁ.-
41;:} o ?H.d.é‘j
s :i
L

3,05 4 013 . 308

-
©

'Behavioufa1: . . Physiolodgical

/ N I

[}

<) L]

2,28 + 2.18 . 2317+ 0.08

3.68 + 0,13 ' 2,74

.

1+

[

I+

2.40 + 0,14 . 3.09

{1+
o -
[
Yot
o

I+
[~]
L3S
o
Ut

3.59 +0.10 . . 3.47

© 3,47 + 60190 . 3.23 4 8:23

I+
Q 0
s .
-t
w

2.73 +0.39 .. - 2,92 ;

2,73 + 0.38 . < 2,90

{4+
. -
[ J
T
N

3.597 + 0,11 - 2,31 #0.11
O\ '
. a
Q. * =
pe 5
fa . v‘,
! 'a -
&"...\ ' ?
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a

2,11 + .23 : 2,22 4+ 0.17 ] .-

o
* "
o,
.
r
;
/
- r e
v .
.
o
-
.
A
Yo
s
¢
»
.
-
c,
F-3



