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ABSTRACT

Avoi dance- preference reactions were studied in rainbow trout

(Sal N0 gairdneri) pre-exposed for 7-20 weeks to potassium dichro-

mate sol utions (K,Cr,0,) ranging from0.01 to 3.0 mg/1 as Cr(VvI).
Experinents were performed in a hydraulic channel 9.15 mlong by
30 cmwide, partly divided along its length and at a flow depth of
30 cm conbining steep and shall ow gradi ent characteristics. An
avoi dance threshol d val ue of 0.028 mg/1 was determined for a
popul ati on whi ch had not been previously exposed to chrom umwhile
avoi dance threshol ds for pre-exposed fish increase linearly with
the level of pre-exposure. Pre-exposed fish exhibited |ower

avoi dance reactions conmpared to the nonexposed popul ation. Avoi d-
ance reactions decreased with increasing | evel of pre-exposure.

Fi sh exposed to test concentrations matching their pre-exposure



level clearly preferred this sane concentration over any adjacent

| ower or higher test concentration. After 7 days of acclinmation
in clear water fish previously exposed at 0.01-0.8 mg/1l Cr(VI),
behaved simlarly to the nonexposed popul ation, indicating func-
tional recovery of chenoreceptive capacity, while fish pre-exposed
beyond the 0.8 mg/1 C level did not recover fully within the sanme

7 day acclimation period. The 0.8 mg/1 Cr(vIi) | evel is proposed

as acritical pre-exposure level for short termrecovery of normnal

chenoreceptive capacity. Times of pre-exposure within the range

used for the study had no influence on avoi dance reactions.

| NTRCDUCTI ON

Let hal bioassays are routinely used to assess the toxicity of
a particular pollutant. Sublethal effects, although nmore diffi-
cult to evaluate, provide nuch nore neaningful information on the
envi ronnental inmpact of the toxicant, since sublethal |evels are
those commonly encountered in natural waters. The objective of
| aboratory sublethal toxicity testing is to establish effluent
threshold |evels, below which fish would not be exposed to haz-
ards. This aimmay be achi eved by conducting dose-response stud-
ies for several concentrations and pre-exposure |evels. Further,
by conparing data on sub-lethal thresholds with expected effluent
levels in receiving waters, the long term health of the fishery
resource may be assessed. However, the influence of long term

exposure to such | evels on changes in behavioural reactions has



received little investigation. Resulting changes in behaviour
coul d have significant environnental inplications and m ght be of
consi derabl e inportance in research carried out for the purpose of
setting standards for water quality. Researchers testing the
effects of sublethal |evels of toxicants invariably use fish main-
tained in clean water, neglecting the effects of pre-exposure and
adaptation of fish to lowlevels of pollution.

The effect of pre-exposure to chromum (VI) was investigated
by assessing the avoi dance behavi our of rainbow trout follow ng
exposure to K,Cr,0, solutions for extended periods to different
subl ethal levels. Chromumwas exam ned since it is a conmon
pol lutant, yet its toxicity is not well understood. The LC50s in
the literature are widely scattered, ranging from 11.2-100 mg/1 of
O (Bills, 1977; Benoit, 1976; usepa, 1976). Proposed 60-day
no-ef fect values range from 51-105 mg/1 (Sauter et _al., 1976).
Chromumis widely used in different industries and occurs in
natural waters in Quebec, far from any pollutant source, at levels
up to 0.04 mg/1 (Goulet et al., 1982), while in the vicinity of
industrial discharges, levels as high as 20 mg/1 have been report-
ed (EPS,1983).

Subl et hal effects were eval uated using avoi dance-preference
techni ques. Many investigators have dealt wi th avoi dance respons-
es using a variety of apparati, procedures, species and chem cals
(Sprague 1970, 1971, 1976, Larrick et al., 1978, Cherry and
Cairns, 1982; Hara et al., 1983; Beitinger and Freeman, 1983;

Gattina and Grton, 1983). The |ast-named authors and Mello
(1975) have pointed out that whol e-organi sm behavi oural responses



shoul d be included in considerations for water quality criteria
and environnental inpact, since such reactions cannot be predicted

from physiol ogi cal and histol ogical studies.

MATERI ALS AND METHCDS

Yearling trout were obtained froma comercial hatchery and
mai nt ai ned under flowthrough conditions. Average test weight was
52 (range 44-64) g and total length 15 (range 13-17) cm  Density
of fish in holding tanks never exceeded 0.75 g per litre of water
per day. Holding tanks had a capacity of 1200 1 and activated
carbon filtered water was provided in the experinental channel at
a flowrate of 114 1/min (175 1/gr fish/day). Sufficient aeration
was provided to maintain the o, concentration above 90%
saturation. The water tenperature was maintained at 14.5 *1.0°C
(McCauley et alL., 1977) and water characteristics averaged 100
mg/1 total hardness as caco;, 50 mg/1l alkalinity as HCO;, and pH
7.2.

Trout were pre-exposed to each |evel of potassium dichromate
in 300 1 static solutions containing 0.01, 0.1, 0.3, 0.8, 1.0 and
3.0 mg/1 Ccr(vI). Pre-exposure concentrations were nomnal. The
rate of chromumloss fromthe solution was determ ned by atomc
absorption to be an average of 9% (range 4.5-13.5) after 1 day
exposure.  Pre-exposure solutions were changed daily.

All chromumin solution was assuned to be in the hexaval ent

form due to the very slow reduction of chromum (V) to chrom um



(111), With the half |ife varying between 40 and 60 hours depend-
ing on the conditions (Kenp 1972, Benson, 1968). Three ionic
species are Eresent in the channel, nanely Crztgf‘,HCro: and
CrOo, . Cr,0; is the predom nant species under the experinenta
conditions while the reactive formof cr(vI) in oxidative nmechan-
isns is the HCro: nmononeri c species (Kenp 1972).

Avoi dance- preference testing began 2 weeks after stabiliza-
tion of pre-exposed popul ations i.e. when no apparent differences
in fish nortality existed between non-exposed and pre-exposed
popul ati ons. Fi sh were pre-exposed for a mninumof 7 weeks and
the pre-exposure period in sone cases was extended for a total of
20 weeks. The length of pre-exposure beyond the initial 7 week
period was determ ned to have no significant effect on the re-
sponse of the fish, (anNova, Probabilities varying fromO0.063 -
0.64 > 0.05) indicating that fish were at a behavioural steady
state and that small differences in size (+ 2.0 cn) did not
i nfluence their avoi dance reaction

The 9.15 mtest channel as first reported by Spraggs et al.
(1982) was extensively nodified. The channel as is illustrated in
Figure 1 was structurally divided into five sections of equal
length. The sides of the channel were made of glass and shiel ded
from visual disturbances along the sides of the channel. The flow
was split into two streams in the first upstream section of the
channel.  Concentrated toxicant was introduced into one side of
the test channel by nmeans of a punp through a planar discharge

di ffuser. Uni form vertical dispersion was achieved by gentle



mxing, wWith a vertically nounted nultistage inpeller. Uniform
toxicant concentration in the toxicant zone coul d be maintained
with the diffuser-inpeller arrangenent. Identical conditions were
mai ntai ned by clear water injection in the clear water zone. The
channel flow was naintained constant at 57 l/min in each separated
zone yielding a velocity of 2.1 cm/sec throughout the |ength of
the channel. The test concentration varied by changing the con-
centration of toxicant injected into the channel. A valve allowed
for alternate use of the separated sides of the channel as the
clear or toxicant zone and alternating side of injection yielded
no statistically different results (ANOVA, Prob > F = 0.54 >
0.05). A honeyconb barrier prevented access by the fish to this
upstream section. The fish were restricted to the second to
fourth channel sections. The final downstream section was al so
i naccessible to the fish by neans of a perforated end gate provid-
ing a uniformdischarge region for the channel to ensure that its
| am nar flow characteristics were not disturbed. The actual test-
ing zone was 5.49 min length, with a |engthw se barrier separat-
ing the clear water zone fromthe toxicant di scharge zone in the
second and third sections of the channel (3.66 nm. The fourth
section (1.83 n) was not divided and served as a decision and
gradual concentration gradient area.

The flow characteristics and concentration distribution in
the channel were established by methylene blue injection. Sanples
were collected to yield lateral, longitudinal and depth profiles

t hroughout the channel for channel flow and toxicant di scharge
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conditions which represent those under actual testing (Figure 2).
Concentration of dye was determ ned spectrophotonetrically.

St eady state was achieved in the channel, 15 mnutes after com
mencenment of tracer injection, at which time a uniform dye concen-
tration was established throughout the divided section of the
channel .

The m xing zone can be characterized by three regions (Figure
2). Al mxing took place inside the cone regi on downstream from
the edge of the dividing barrier, while on both sides of the cone,
both clear and toxicant stream concentrations are naintained at
the separated stream |evels. Concentrations of nethylene blue
dyes nmeasured in the channel were those expected from channel flow
characteristics. Cccasi onal sanpling and anal ysis for chrom um
was performed during the actual experinents to establish any
devi ations, between expected and actual levels in the toxicant
zone. Deviations ranged from -7 to +13% of the theoretical
val ues.

Fish were acclimated for two days in the channel with clear
flowng water prior to testing. The pre-test distribution was
recorded and used as the reference |evel.

Two experinental techniques were enployed in neasuring the
avoi dance response to the dichromate. The first consisted of
exposing the fish to a single concentration per experinmental test
and the second procedure involved exposing the fish to increasing
concentrations in a step-w se fashion

The bul k of the avoi dance testing was perforned using a grad-



ually increasing dose nmethod for its tine and econom c efficiency,
based on the results fromprelimnary tests that suggested no

di fference between this nethod vs. one single concentration per
experinment. The sequence of doses in the channel was 0.08, 0.3,
0.8, 3.0 and 8.0 or 0.001, 0.01, 0.1, 1.0, 10, 33 mg/1 Cr (V).

Dat a obtai ned from experinments using single concentrations
per experinent yielded results not significantly different from
results obtained using the sequential increase nethod, (ANOVA,
Prob » F = 0.32-0.69 »0.05) indicating that for practical purposes
avoi dance reactions are independent of the dose sequence.

Experi ments were perforned to establish the optimum nunber of
fish to be used in a preference avoidance test based on the size
of the fish used and the size of the apparatus so as to mnimze
the effect of territoriality and yield reproducible results. This
was established at 18 fish per experinental run

Prior to initial toxicant discharge, the fish were forced
into the non-separated channel section for 15 minutes during which
period steady state conditions with respect to toxicant concentra-
tion was established in the channel. An additional 5 minute per-
iod, 20 mn fromcomencenent of injection, was provided for fish
to reach a steady-state distribution which was then recorded for
15 minutes on video tapes (20-35 minutes frominitiation of a
pollutant level). The next concentration |evel was then introduc-
ed and the procedure repeated without forcing the fish in the
non-separated section again.

Addi tional experiments were perforned on the pre-exposed



trout after 7 days acclimation in clear water follow ng the pre-
exposure period instead of the standard 2 days.
Three replicate experinents were routinely performed for each

set of experinental conditions. Al data obtained under the sane
experinental conditions were combined to produce a single avoid-

ance curve.

Dat a anal yses

An experinment which was recorded on video tapes was analyzed
visually, by counting the nunber of fish in clear water regions
every 1 minute over a 15 minute period. The percentage of fish

avoi di ng the toxicant was determ ned using the formula:

% Fish in clear = [0.5 + EE%%EIEI x 100

where: NFC = Nunber of fish during experinment in
clear water regions
PTC = Pre-testing nunber of fish in clear water

regi ons. (average of 15 readi ngs)
TNF = Total nunber of fish in experinmental channe
Conpl i ance of all data with assunptions for normality and
honogeneity of variability was established prior to analysis.
Significant differences between neans obtained fromdifferent

popul ati ons under the sane experinental conditions were assessed



- 10 -

by one way anova followed by Duncan's tests (Mrrison, 1976).
Significant differences of nmeans within the same experinent (sequ-
ential exposure of sane popul ation) were determ ned by growth
curves anal ysis (Ccapizzi and Burton, 1978). The statistical sig-
nificance of all results was assessed at 0.05 probability Ievel

Al nmean val ues reported are statistically different fromthe
pre-testing fish distribution denoted as 50%, unl ess otherw se

st at ed.

RESULTS

The avoi dance behaviour of trout which had not been pre-
viously exposed to K,Cr,0, is illustrated in Figure 3. The re-
sults are presented as the per cent of fish on the clear water
region of the test channel , plotted against concentration of
Cr(vI) in the toxicant discharge stream of the channel. Val ues
hi gher than 50% i ndi cat e avoi dance, whereas |ower val ues woul d
suggest preference for the toxicant. No significant avoi dance was
observed at the | owest test concentrations 0.001 and 0.01 mg/1 Cr,
while at 0.08 mg/1, 54% of the fish population preferred the clear
wat er zone (ANOVA, Prob > F = 0.0011 < 0.05). Avoi dance was nore
pronounced with increasing concentration in the channel. A l|inear
relationship on a |l og-normal scale as plotted in Figure 3 can be

represented by equation (1).

%of fishin clear = 67.53 + 11.25 log[Cr(VvI) ] (1)
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where [cr(vi)]is the concentration of & in mg/l, with a
coefficient R2=0.98. This expression indicates an avoi dance

t hreshol d | evel of 0.028 mg/l1, and an avoi dance response of 90% at
the 96 hour Lcs50 val ue of 100mg/1 proposed by USEPA (1976).

The avoi dance behavi our of rainbow trout pre-exposed at 0.01
mg/1 Cr is presented in Figure 4. At concentrations within the
range of 0.001-0.1 mg/1, there was no statistically significant
reaction of the trout. The actual nmean of % fish in clear at 0.01
mg/1l O in the channel was 51.7% (ST.D. = 5.6) conpared to 52.2
(sT.D. = 4.1) and 53.5 (sT.D. = 5.5) for 0.001 and 0.1 mg/1 C
respectively, indicating a mninmm avoi dance reaction at concen-
trations equal to the pre-exposure level. For channel test con-
centrations higher than the pre-exposure |evel, the fish avoi dance
behavi our increased with increasing levels of chromum This
behavi our can be represented by equation (2) with a coefficient

R2 = 0.92 for concentrations above 0.01 mg/1 O (M).

%fish in clear = 59.87 + 8.59 log [Cr(vI)] (2)

The sl ope of equation (2) is less than that of the non-
exposed fish popul ation, however the calcul ated avoi dance thres-
hol d value 0.071 mg/1 Cr is higher than that derived for the con-
trol population. Results presented in Figure 4 also indicate that
the avoi dance response of fish acclimated for 7 days in clear
wat er follow ng the pre-exposure period was simlar to that of the

non- exposed popul ati on.
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The avoi dance behavi our of rainbow trout pre-exposed at 0.1
mg/l1 O (VI) is presented in Figure 5. At concentrations well
bel ow the pre-exposure level (0.001 mg/1) a slight preference
45.4% (ST.D. = 5.2) was observed. At the next higher test con-
centration, fish exhibited a slight avoi dance 54.2% (sT.p. = 6. 2).
Wien the toxicant | evel in the channel reached the pre-exposure
level, an inflection point was observed on the avoi dance curve
with 46.5%(sT.D. = 4.0) of fish in clear water. As concentra-
tions of O in the channel increased above the pre-exposure |eve
so did the avoi dance reaction of the fish. Equation (3) repre-
sents the avoidance behaviour of rainbow trout for concentrations

equal to or greater than the 0.1 mg/1 pre-exposure |evel.

%fish in clear = 57.96 + 12.32 log [Cr(VvI) ] (3)

with coefficient r2= 0.99.

The sl ope of equation (3) was steeper than that of the non-
exposed popul ation, while the actual threshold value of 0.22 mg/1
was 8 times higher than in the case of the non-exposed popul ation.
Results presented in Figure 5 indicate that the avoi dance response
of fish pre-exposed at 0.1 mg/1 and acclimted for seven days in
clean water was simlar to that of the non-exposed popul ation.

The avoi dance behavi our of trout pre-exposed to 0.3 mg/1
Cr(VvI) is presented in Figure 6. At the |owest concentration
tested (0.08 mg/1), the avoi dance response was not statistically

di fferent (anova, Prob » F = 0.43>0.05) than that of the non-
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exposed popul ation. However, at channel test concentrations equa
to or greater than the pre-exposure |evel, the response was signi-
ficantly different from that of the non-exposed popul ation

(ANOVA, Prob > F = 0.0000-0.03 < 0.05). Again a behavioura
change was observed at the point where the |level of cr(vi)in the
channel was simlar to the pre-exposure concentration. An inflec-
tion point in the avoi dance curve was observed at this concentra-
tion which suggests that the degree of avoidance is a mninmum at
concentrations equal to the pre-exposure level, with increasing
avoi dance at concentrations |ess than or greater than pre-exposure
concentration levels. At channel test concentrations higher than
the pre-exposure level, the fish avoidance behaviour can be repre-

sented by equation (4).

%fish in clear = 57.64 + 9.96 log [Cr(vI)] (4)

with a coefficient rRZ = 0. 89.

The slope of equation (4) is less than the one which characterizes
t he avoi dance response for non-exposed fish. This expression

yi el ds an avoi dance threshold | evel of 0.17 mg/1 Cr., which is 6
tinmes higher than the one for non-exposed. Results presented in
Figure 6 indicate that the avoi dance response behavi our of fish
acclimated for 7 days in clear water following the 0.3 mg/1
pre-exposure period was simlar to that of the non-exposed popu-

[ ation.

The avoi dance behavi our pattern of trout pre-exposed to 0.8
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mg/1 Cr(vI) is presented inFigure 7. At the |owest channel test
concentration (0.08 mg/1), no significant difference in response
was observed from a pre-test fish distribution. At higher channel
test concentrations, increasing preference for the toxicant was
observed, reaching an inflection point on the curve representing
maxi mum preference at the pre-exposure concentration.. This
preference behaviour was in sharp contrast to the avoi dance
response of a non-exposed popul ation or popul ati ons pre-exposed to
| ower concentrations.

Equation (5) describes fish avoi dance behavi our for concen-

trations higher than 0.8 mg/1 O (M), the pre-exposure |evel.

%fish in clear = 36.78 + 16.76 log [Cr(VI)] (5)

with a coefficient R2=0.97. The slope of equation (5) is steep-
er than that of the non-exposed popul ation and the experinentally
determ ned avoi dance threshold value is 5.8 mg/1 Cr(VI), twenty
times higher than the control value. After 7 days acclimation in
clear water follow ng the pre-exposure period at 0.8 mg/1, the
avoi dance response of the fish (Figure 7) was simlar to that of a
non- exposed popul ati on.

The avoi dance behavi our of rainbow trout pre-exposed at
1 mg/1 Cr(VvI) is presented in Figure 8 At concentrations well
bel ow the pre-exposure level, a slight preference was exhibited
44. 4% (ST.D. = 4.7) and 43.6% (ST.D. = 3.3) at 0.001 and 0.01 mg/1

respectively. At a concentration lo-fold |ower than the pre-
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exposure level, a net population shift was noticed towards the

cl ear water which was again reversed as the concentrati on ap-
proached the |level of pre-exposure. Fromthen on a clearly in-
creasing avoidance with concentration |evels was exhibited. Equa-
tion (6) describes the avoidance behavi our of rainbow trout pre-
exposed at 1 mg/1 for concentrations higher than the pre-exposure

[ evel .

g fish in clear = 46.35 + 13.80 log [Cr(VI)] (6)

with coefficient R?2 = 0.98. The actual threshold value was 1.8
mg/1 Cr(vi) while the slope was steeper than the control

Results obtained after 7 days acclimation of fish in clear water
i ndicate that fish behaviour was not simlar to that of the non-
exposed popul ation. Such behaviour suggested that fish had not
fully recovered their chenoreceptive capacity.

The effect of pre-exposure at 3.0 mg/1 Cr(VvI) on the avoi d-
ance response behaviour of the fish is presented in Figure 9. An
increase in the degree of avoidance was observed with increasing
channel test concentrations reaching a maxi num avoi dance at a test
concentration of 0.8 mg/l1. An inflection point on the avoidance
curve was again observed at a channel test concentration equal to
the pre-exposure |evel.

Avoi dance threshold values fromall pre-exposure |evels are
presented in Figure 10. There was a linear increase in threshold

values with increasing levels of pre-exposure with slight devia-
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tions at 0.3 and 0.8 mg/1. Equation 7 describes the change in

avoi dance threshold values vs. the level of pre-exposure.

|l og [Avoidance threshold] = 0.201 + 0.746 |og [P-E] (7)

with R2 = 0.73, where [P-E] is the pre-exposure concentration.

Units on both sides of equation (7) are in mg/l cr (V).

DI SCUSSI ON

The hydraulic channel used for avoi dance response testing in
this experinmental work provided a neans of establishing a uniform
concentration toxicant zone, totally separated from a clear water
zone. A well defined concentration and flow regi ne downstream
fromthe barrier conbined both steep and shal | ow concentration
gradient characteristics. In addition, the non-separated section
concentration distribution sinulates a nore natural concentration
gradient ranging from clear water to the level of the toxicant
zone.

Experinents performed on rainbow trout, which had not been
previously exposed to cr(vi), yielded an avoi dance response curve
described by equation (1). The predicted avoidance threshold
val ue was 0.028 mg/l1 of cr(vi), below which no significant
response was detected. This avoidance threshold level is below
t he suggested value of 0.05 mg/1 cr(vi), proposed as an acceptable

linmit for water quality criteria (darke, 1974). The ability of
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trout to detect and avoid concentrations bel ow the acceptabl e
limt would suggest that existing standards be re-exam ned.

Figure 11 is a three dinensional representation of the avoid-
ance behavi our of rainbow trout pre-exposed at different concen-
tration levels and reacting to a series of doses in the experi-
mental channel. The surface produced may be used as a predictive
tool of the actual avoi dance-preference reaction of rainbow trout
gi ven any conbi nation of pre-exposure and dose |evels.

An increase in avoidance reaction for all dose concentrations
hi gher than the pre-exposure |levels may be observed in Figure 11.
Avoi dance reactions generally decrease with pre-exposure. A mni-
mum i n the avoidance reaction occurred at the 0.8 mg/1 | evel of
pre-exposure, represented by the valley region on Figure 11, in
whi ch case fish exhibited clear preference for the toxicant for
all concentrations below their pre-exposure |evel. Populations
pre-exposed to chrom um concentrations higher than 0.8 mg/1, ex-
hi bited increasing avoi dance reactions with increasing |evels of
pre-exposure. This change of trend in behaviour could be attri bu-
ted to significant biological alterations to fish populations
pre- exposed beyond o0.8 mg/1 Ccr(vi). Van der Putte (1982) reported
that trout pre-exposed at 2.0 mg/1 Cr(vI) were biologically dif-
ferent than a non-exposed population. In the present study, a
hi gher nortality occurred in popul ati ons pre-exposed at 1.0 and
3.0 mg/1 Cr(vI) conpared to non-exposed fish popul ati ons indicat-

ing biological differences. In addition fish avoidance behaviour

after 7 days acclimation in clear water follow ng the pre-exposure
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Figure 11.

Avoidance reaction of rainbow trout to chromium (VI)

after pre-exposure to varying levels of the toxicant.
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period (Figure 8) was significantly different than the non-exposed
popul ation response indicating a |onger recovery period at this
hi gher |evel of pre-exposure.

Al pre-exposed popul ations of trout denonstrated an attrac-
tion towards a famliar environnent for concentrations that ap-
proached their pre-exposure level. Such preference is denmonstrat-
ed graphically by the inflection points on all avoi dance curves
(Figures 5-9), and can be also depicted as a saddle on the surface
of Figure 11 along the diagonal of X-Y plane. Despite the fact

that fish were acclimated in clear water for 2 days prior to test-

ing, they still denonstrated a distinctive attraction towards
their familiar environnment. This behaviour has never been report-
ed in the literature. If this behaviour was applicable in natural

waters, regulatory standards should be reconsidered in |ight of
this physiological trap and of the additional consideration that
avoi dance of a pre-exposed population is lowered with increasing
pre-exposure |evels.

Equations (2) to (6), were derived to describe fish avoi dance
behavi our for concentrations higher than their pre-exposure
level. These equations provided a tool to predict avoi dance re-
actions given the pre-exposure concentration and can be used to
det erm ne avoi dance threshold val ues for pre-exposed popul ations.
Data for avoi dance threshold val ues from pre-exposed popul ations
yi el ded equation (7), which can be used to estimte the avoi dance
threshold value for any given level of chrom um pre-exposure.

Threshol d values increase linearly with |level of pre-exposure.
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This behaviour is simlar to that reported by D xon and Sprague
(1981), where lethal tolerance of rainbow trout to copper
increased with |evels of pre-exposure.

Fi sh popul ati ons pre-exposed up to the critical level of 0.8
mg/1 Cr(vIi) fol l owed by acclimation for 7 days in clear water
denonstrated a functional recovery of their chenoreceptive capac-
ity within that period of time, since their respective avoidance
curves were simlar to the non-exposed popul ations (Figures 4-7).
Singh and Ferns (1978) and Hara et al. (1983) suggested a 12 week
rehabilitation period for biologically affected fish after pre-
exposure to a pollutant. The present study suggested a much
shorter period for functional recovery fromchrom um exposure to
behavi oural |evels conparable with those of non-exposed popul a-

tions.
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Concl usi ons

1) Rainbow trout denonstrate an avoi dance reaction to K,Cr,0, at
| evel s greater than 0.028 mg/1 as Cr(VvI), the avoidance
threshol d | evel.

2) Populations of rainbow trout pre-exposed to K,Cr,0, exhibited
a reduced avoi dance reaction that reached a m ni num at
0.8 mg/1 as Cr(VI) pre-exposure. Pre-exposure |evels higher
than this critical level resulted in increasing |levels of
avoi dance.

3) Trout pre-exposed to chrom um denonstrated a pronounced
preference towards their famliar environment, that is for a
concentration simlar to the pre-exposure |evel. I ncreased
avoi dance was observed at concentrations higher and | ower than
this pre-exposure |evel.

4)  Threshol d avoi dance val ues increase linearly with increasing
| evel s of pre-exposure.

5) Fish pre-exposed to chromumat |evels belowthe critica
level (0.8 mg/1), followed by 7 days acclimation in clear
wat er exhibited simlar avoi dance reaction levels to non-
exposed popul ations indicating a short functional recovery
period. A slower recovery period was observed at pre-exposure

| evel s higher than the critical |evel
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