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Aggressive behaviour of young-of-the-year (y.o.y.) and post-young-of-the-year
(p.y.0.y.) rainbow trout (Oncorhynchus mykiss) was investigated during the first
hour of hierarchy formation. Aggressive encounters were recorded in newly formed
social groups of two individuals after 10 days of exposure to a heavy metal mixture
(HMM group), after 10 days of starvation (S group), and after 10 days of a
combined effect (CE group) of both factors (HMM + S). The following concentra-
tion of the heavy metal mixture was used in the study: Cu 0.0005, Zn 0.001,
Ni 0.0005, Cr 0.0025, and Fe 0.005 mg/l. Aggressiveness was decreased in all the
treated groups of y.o.y. fish. In the HMM and CE groups of p.y.o.y. fish a higher
aggressiveness was recorded, while in the S group no significant changes were
revealed. No significant interaction of both factors (HMM and S) was detected in
any of CE groups. The aggressiveness in the CE groups of y.o.y. fish was caused
mainly by the effect of starvation and in the groups of p.y.o.y. fish by the effect
of heavy metal mixture.
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INTRODUCTION

Changes in environmental conditions may evoke
various behavioural responses in fish. Behavioural
responses in ecotoxicology are usually called integrat-
ed functions [7], because they are based on the in-
tegration of underlying physiological and biochemi-
cal functions. Changes in physiological and bioche-
mical functions may be overlooked, because they are
often subtle and not readily observable, but they
may be manifested in overt behavioural response
[28]. Therefore, behavioural changes respond quickly
to changes that arise in the animal’s surrounding
and may be used as early warning signals about the
impaired environmental quality [2, 8, 25, 28]. A lot
of external factors such as contaminants, restricted
food resources, fluctuating temperature, etc. influence
the fish organism and behaviour in nature. It is dif-
ficult and sometimes impossible to predict the inter-
action effects of various unfavourable factors on fish
behaviour, because their combined action may to
strengthen as well as to mitigate the effects caused
separately. It seems more promising to investigate
the effects of a few factors and to analyse the me-
chanism of their interaction under the strictly con-
trolled laboratory conditions.
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The combined action of two factors (two stres-
sors) is also used when estimating the chronic toxi-
city of low concentrations of toxicants for fish [30].
Sometimes it is difficult to reveal the deleterious
effects of low concentrations of toxicants, because
these effects may occur only after a very long expo-
sure. An additional stressor applied for the animal
tested may challenge more rapidly and distinctly the
manifestation of stress caused by toxicants. It is
assumed that two stressors, when acting simultane-
ously, can impose a considerable stress response in
fish [1, 35]. However, an impaired stress response
might be also observed, as have been reported for
brown trout exposed to metal-contaminated waters
[17]. Thus, the interaction of several stress factors
is rather complicate and needs to be studied.

The expression of agonistic behaviour in fish is
controlled by several internal factors [14-16; 18, 38—
41, 44] and influenced by environmental stimuli. Me-
tal-contaminated waters and food restriction are un-
favourable environmental factors that often influence
the fish organism. Heavy metals are the most dange-
rous contaminants for aquatic biota. They cause
stress response in fish [31, 32] and change their
aggressive behaviour [2; 19-24]. Changes of aggressi-
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ve behaviour of fish can be used as an indicator of
water quality [2]. However, aggressive behaviour of
fish under the influence of toxicants has not been
widely studied, most probably for the reason that
these studies require much work and take much time
to perform.

Food restriction increases aggression, competiti-
ve ability and predation risk in rainbow trout [6, 13,
14, 34], while exposure to heavy metals may evoke
both an increase and decrease of aggression [21, 23,
24]. The character of the latter changes depends on
the metal concentration, on the duration of expo-
sure and on the age of fish. There are no data
about a combined effect of toxicants and starvation
on aggressive behaviour of fish. Therefore, it is in-
teresting to determine the interaction of both fac-
tors and to make some contribution to a better un-
derstanding of implication in behavioural modifica-
tions.

The aim of the present study was to investigate
and to compare changes in the aggressive behaviour
of rainbow trout influenced by two stressors: toxi-
cants (heavy metal mixture) and starvation. A low
concentration of heavy metal mixture (Cu, Zn, Ni,
Cr, and Fe) similar to concentrations found in sligh-
tly polluted inland waters of Lithuania was used.
Some additional parameters (swimming activity, con-
dition factor, hepatosomatic index) were also stud-
ied to compare changes in aggressive behaviour with
changes in the physical and physiological state of
fish.

MATERIALS AND METHODS

Rainbow trout Oncorhynchus mykiss was brought
from the State Hatchery Zeimena and kept in big
holding tanks (2000-L capacity) under laboratory con-
ditions for 4-5 months before the beginning of ex-
periments. Two age groups of fish were investiga-
ted: young-of-the-year (y.o.y.) rainbow trout (11-
month-old) and post-young-of-the-year (p.y.o.y.) rain-
bow trout (13-month-old). The mean body length
and weight of y.o.y. rainbow trout were 12 cm and
29 g and those of p.y.o.y. rainbow trout were 16 cm
and 56 g, respectively. Fish were kept at 10-11 °C
and fed on a mixture of cattle spleen and commer-
cial fish food.

Experiments were carried out in nonchlorina-
ted and aerated still water, but the heavy metal
solution and control water was renewed at 24-h
intervals. Water specifications were as follows: pH
8.2-8.4, dissolved oxygen 10-11 mg/l, hardness 270
290 mgCaCO,/l. The following concentrations of
heavy metal mixture were used in our study: Cu

0.0005; Zn 0.001; Ni 0.0005; Cr 0.0025, and Fe
0.005 mg/l. It comprises 0.1% of the maximum
permissible discharge concentration used in Lithua-
nia for many years.

Four experimental groups of fish of each age
were investigated: 1) fish exposed for 10 days to a
heavy metal mixture (HMM group) and fed until
satiety once a day; 2) starving fish (S group) — kept
in clean water and deprived of food for the whole
10-d period; 3) combined effect (CE) group - fish
exposed to a heavy metal mixture and deprived of
food for all 10-d period; 4) control (C) group — fish
kept in clean water and fed until satiety once a day.
Experimental fish were kept singly in the 50-L
aquariums. Aggressive behaviour was studied after
a 10-d treatment in newly formed groups that con-
sisted of 2 individuals. Observations were perfor-
med during the first hour immediately after fish we-
re placed together in a new aquarium, i e. during
the period of social hierarchy formation. The fol-
lowing parameters of aggressive behaviour were re-
corded: 1) time of the beginning of threats and at-
tacks, min; 2) total number of aggressive acts (thre-
ats, attacks, fighting); 3) continuance of threats and
fighting, s; 4) time needed for hierarchy formation
(time from the moment fish were placed together
into a new group till the moment when only one
fish performed aggressive acts), min. The types of
aggressive acts recorded were: 1) threat — two fish
slowly approach each other expanding their fins and
frequently twisting the caudal portion of their body;
2) attack — a rapid approach toward an individual,
often finished with a bite; 3) fighting — two fish
swim in a close circle and frequently bite each other
(for a detailed description, see: [4, 10, 40, 43]). For
the convenience of data analysis, the hierarchy for-
mation period was divided into two phases: the ini-
tial (first) phase when the aggressive encounters
began, and the second phase when such encounters
as attacks and fighting were observed. The initial
phase was characterized by the following parame-
ters: the beginning of threats and attacks, the num-
ber and continuance of threats. The characteristic
of the second phase was done using the following
parameters: the number of attacks and fighting, con-
tinuance of fighting, and the time needed for hie-
rarchy formation.

Additional measured parameters were as follows:
swimming activity [25], condition factor, and hepa-
tosomatic index. Swimming activity was recorded four
times from 8 to 10 o‘clock in the morning during a
3-min observation session (12 min in all) before plac-
ing fish to a new aquarium. The condition factor
and hepatosomatic index were determined at the very
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end of the experiment. There were used 20 fish in
each experimental group (in total 80 fish). For sta-
tistical analysis, the behavioural data were log (x +
+ 1) transformed to improve normality and could
be analysed using the two-way ANOVA. Multiple
comparisons were made using a least significance
difference (LSD) test [33].

RESULTS

1. Changes in aggressive behaviour
1.1. Young-of-the-year rainbow trout

The social interactions between the pairs of rain-
bow trout usually began with threatening and later
appeared the more severe acts of aggression such
as attacks, fighting [26]. The aggressiveness of fish
during the initial phase of hierarchy formation was
not significantly changed either by HMM and S
alone or by their combined action. The time of the
beginning of threats and attacks, the number and
continuance of threats were close to the control
values (Fig. 1). A two-way ANOVA analysis did not
show any interaction of both factors (HMM and S)
in any of the CE groups.

There was recorded a marked decrease of the
number of attacks in the HMM, S and CE groups
as compared with the control group (LSD test: ef-
fect of HMM and CE, p = 0.05; effect of S, p =
= 0.01). Fighting was completely suppressed in the
S and CE groups, while the number of fightings in
the HMM group did not significantly differ from

Beginning of threats Number of threats

12 12
*
10 10
s 8 8
5
=

g 6 £ 6
£ 4 4
2 2

0 0+ T T T

C HMM S CE C HMM S CE

Number of attacks Number of fighting
350 0,9
300 08
0,7
250 06
= 200 < 0,5
£ 150 =04
100 0.3

0‘2 * *

50 0,1

0 0+ — T

(o} HMM S CE C HMM S CE

the control level. Therefore, it is possible to suggest
that a suppression of fighting behaviour in the CE
group is caused mainly by S. Continuance of fight-
ing after exposure to HMM was also not signifi-
cantly different from the control level. The time
needed for hierarchy formation was not significantly
different from control in all treated groups. All inter-
actions of both factors in any CE group was reveal-
ed by a two-way ANOVA.

1.2. Post-young-of-the-year rainbow trout

The two-way ANOVA showed no interaction of both
factors (HMM and S) in any of the CE groups of
p.y.o.y. fish.

The time of the beginning of social interactions
(threats) was marginally significantly shorter in the
S and CE group when compared with the control
value (LSD test, p = 0.07) (Fig. 2). No significant
changes of the number and of the continuance of
threats were revealed in either of the treated groups.
Attacks began significantly earlier only in the CE
group was compared with the control (p = 0.03).

A marked increase of the number of attacks was
recorded in the HMM group (Fig. 2) (LSD test,
p = 0.02) as well as in the CE group (p = 0.03) as
compared to the control value. In the S groups this
parameter did not differ from the control group. A
comparison of all three treated groups among them-
selves showed a significantly lower number of at-
tacks in the S than in the HMM group (LSD test,
p = 0.03) and slightly lower than in the CE group
(p = 0.054). No significant differences were found
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Fig. 1. The impact of heavy metal mixture and starvation on the parameters of aggressive behaviour in young-of-the-
year rainbow trout. C — control fish, HMM - fish exposed to heavy metal mixture, S — starving fish, CE — combined
effect of heavy metal mixture and starvation on fish. Significant difference from control value: * p < 0.05, ** p <

0.01 (LSD test). Other comparisons are given in the text
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Fig. 2. The impact of heavy metal mixture and starvation on the parameters of aggressive behaviour in post-young-
of-the-year rainbow trout. ®* — marginally significantly differ from control value, p = 0.07. Other explanations as in

Fig. 1

between the HMM and the CE groups. Thus, it is
possible to suggest that the effect of combined ac-
tion was caused mainly by HMM.

The number of fightings did not significantly dif-
fer from the control level in all treated groups. No
significant differences in this index were revealed
within the treated groups. Continuance of fighting
was markedly prolonged after 10 days of exposure
to heavy metal mixture (LSD test, p = 0.01). The
combined action also caused prolongation in the figh-
ting duration when compared with the control level
(p = 0.04). A comparison within the treated groups
revealed significant differences between the S and
the HMM groups (p = 0.01) and between the S
and the CE groups (p = 0.02). No significant dif-
ference was found between the HMM and CE
groups. Therefore, in this case the effect in the CE
group is caused mainly by HMM.

The time needed for hierarchy formation was
nearly the same in all four experimental groups.

2. Additional parameters

When analysing the interactions of both investiga-
ted factors (HMM and S), no significant effects we-
re found in the CE groups on either of the additio-
nal parameters studied.

Swimming activity (Fig. 3) was significantly sup-
pressed in all the treated groups, except the HMM
group of y.o.y. fish, as compared to the control
groups (LSD test, y.o.y. fish: effect of S, p = 0.04,
effect of CE, p = 0.05; p.y.o.y. fish: effect of HMM,
p = 0.02, effect of S, p = 0.03, effect of CE, p =
= 0.00. No significant differences were revealed
among the treated groups.
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Fig. 3. Changes in swimming activity (frequency of turns,
n/min) of young-of-the-year (y.o.y.) and post-young-of-the-
year (p.y.o.y.) rainbow trout after exposure to heavy me-
tal mixture and starvation. * — significantly differ from
control value, p = 0.00. Other explanations as in Fig. 1

Condition factor (Fig. 4) was significantly lower
(p = 0.05) only in the CE group of y.o.y. fish as
compared to the control value. A comparison within
the treated groups showed that the effect of S in
p.y.o.y. fish was significantly stronger than that of
HMM (p = 0.03).
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Fig. 4. Condition factor of young-of-the-year (y.o.y.) and
post- young-of-the-year (p.y.o.y.) rainbow trout after ex-
posure to heavy metal mixture and starvation. Explana-
tions as in Fig. 1
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Fig. 5. Hepatosomatic index of young-of-the-year (y.o.y.)
and post-young-of-the-year (p.y.o.y.) rainbow trout after
exposure to heavy metal mixture and starvation. Explana-
tions as in Figs. 1 and 3

Hepatosomatic index (Fig. 5) was decreased in all
three treated groups of both ages of fish (LSD test,
y.0.y. fish: effect of HMM, p = 0.02, effect of S,
p = 0.00, effect of CE, p = 0.00; p.y.o.y. fish: p =
=0.02, p = 0.01 and p = 0.00, respectively). While
comparing effects of HMM and S, significant diffe-
rences were revealed only in the treated groups of
y.o.y. fish: a decrease of this index was more pro-
nounced after starvation than after exposure to
HMM (p = 0.03) and after the combined effect of
both factors than after the effect of HMM alone
(p = 0.00). The difference between the S and CE
groups was not significant. Thus, the contribution of
S to the CE effect in y.o.y. fish was more conside-
rable than that of HMM.

DISCUSSION

The parameters of aggressive behaviour that charac-
terized the initial phase of hierarchy formation in
rainbow trout (time of the beginning of threats and
attacks, number and continuance of threats) were
not a sensitive indicator of the impact of HMM, S
and CE on fish. The changes were most remarkable
in some parameters that characterized the second
phase of hierarchy formation: in the number of at-
tacks and in the duration of fighting.

A low concentration of HMM caused different
changes in the aggressive behaviour of the y.o.y. and
p.y.o.y. fish. HMM caused an increased aggressive-
ness in the post-young-of-the-year rainbow trout,
while in the young-of-the-year rainbow trout, on the
contrary, it caused a decrease of aggressiveness. Dep-
ressive effects caused by heavy metals and other to-
xicants are usually observed at high concentrations
of toxicants (or at low concentrations but after long
exposures), while low and intermediate concentra-
tions (or high concentrations but short exposures)
cause stimulation effects [8, 11, 12, 21, 23, 24]. Let-
hal concentrations of toxicants completely suppress
aggressiveness in rainbow trout [23]. Consistently,
the impact of HMM on the rainbow trout in the

18

present study was more deleterious on y.o.y. than
on p.y.o.y. fish.

Two-phase changes (increasing — decreasing) in
behavioural responses are known for many toxicants
[8]. There are no data elucidating the physiological
mechanisms of biphasic changes in the agonistic be-
haviour of fish exposed to toxicants. As far as heavy
metals and other toxicants cause stress response in
fish [31, 32], it seems possible to suggest that the
increasing phase of response reflects the alarm sta-
ge of stress, while the decreasing phase shows the
exhaustion stage. On the other hand, social interac-
tions per se evoke severe stress in rainbow trout,
especially during hierarchy formation, which can end
even in the death of subordinate fish [19, 22, 36].
The increased aggressiveness under the influence of
HMM recorded in our study might be considered
as enhanced stress response in fish (response to a
new neighbour and fight for a new territory). The
decreased aggressiveness under the influence of
HMM might be considered as an impaired stress
response. The latter suggestion is based on studies
of Norris et al. [17] who found that acute stress
response of brown trout chronically exposed to he-
avy metals was depressed when compared with fish
living in uncontaminated waters. Impaired stress res-
ponse indicates the impaired adaptation abilities of
fish.

Starvation caused depressive effects in aggressi-
veness of y.o.y. fish during the second phase of hie-
rarchy formation (decreased number of attacks, sup-
pressed fighting behaviour). No significant changes
were revealed in the parameters of aggressiveness
of p.y.o.y. fish, however, disappearance of fighting
behaviour after starvation indicates a tendency of
the decreased aggressiveness.

According to the literature data [6, 13, 34], dep-
rivation of food causes an increase of aggressive-
ness in salmonids by increasing the number of ag-
gressive encounters. It is known that hunger increases
the concentration of the growth hormone in fish or-
ganism [37]. The growth hormone increases meta-
bolic demands, feeding motivation, competitive abi-
lity and aggression in fish [14, 15]. Starvation also
causes a liver glycogen depletion and reduction of
the liver lipid fraction as well as down-regulation of
the hormone metabolism [3, 27, 29]. The latter al-
terations result in a reduction of the levels of plas-
ma thyroid hormones that are responsible for the
metabolic rate regulation in the organism. Differen-
ces in standard metabolic rate may contribute to
differences in aggression between individuals of the
juvenile Atlantic salmon: aggression is highest in fish
with the highest standard metabolic rate and lowest
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in fish with the low standard metabolic rate [5]. The
high metabolic rate raises the dominance status in
masu salmon [44]. Agonistic behaviour, in turn, rai-
ses the standard metabolic rate in fish [9]. Thus, on
the one hand, food deprivation increases aggression
in fish, elevating feeding demands and increasing
motivation for encounters, on the other hand, the
reduced metabolic rate and impaired energetic state
of fish reduce aggression. Final response of fish
should be determined by the interaction of several
physiological processes going on in fish organism.
Such encounters as prolonged attacking or fighting,
demanding great energetic costs might be “too ex-
pensive” for starving fish. It is quite natural that
y.o.y. fish is more sensitive to prolonged starvation
than p.y.o.y. fish: the energetic resources in younger
and smaller fish are lower than in larger ones.

The combined impact of HMM and S on rain-
bow trout did not show significant interactions of
both factors in any of the CE groups in our study.
A suppression of fighting behaviour in the CE
groups of y.o.y. fish was caused mainly by S. On the
contrary, a marked increase of the number of at-
tacks and of the continuance of fighting was caused
mainly by the impact of HMM on p.y.o.y. fish.

No significant interactions of HMM and S were
determined when investigating the additional para-
meters, either. While comparing changes caused by
HMM and S in all the additional parameters, it is
evident that in some cases the effect of S was stron-
ger than the effect of HMM. No one case was re-
vealed when the influence of HMM was significant-
ly stronger than the influence of S.

It is known that a higher swimming activity inc-
reases aggression in rainbow trout [15], while in sub-
ordinate and artificially stressed fish swimming acti-
vity is reduced [41, 42]. A comparison of changes in
swimming activity and in aggressive behaviour ob-
served in our study allow to suggest that the lower
aggressiveness in y.o.y. rainbow trout might result
from the decreased level of swimming activity. Ho-
wever, this suggestion is absolutely not valid in case
of p. y.o.y. fish: the swimming activity in the HMM
and CE groups is reduced, while aggressiveness is
increased.

In conclusion, the results of the present study
indicate that a heavy metal mixture and 10-day star-
vation caused changes in the aggression of rainbow
trout, however, the both factors did not show a sig-
nificant interaction. It was starvation that mainly con-
tributed to the combined effects in the groups of
y.o.y. fish, while in the groups of p.y.o.y. fish it was
a heavy metal mixture.
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Laima Petrauskiené

VAIVORYKSTINIO UPETAKIO AGRESYVAUS
ELGESIO POKYCIAI BADAUJANT IR VEIKIANT
SUNKIUJU METALU MISINIUI

Santrauka

Vaivorykstinio upétakio (Oncorhynchus mykiss) Siymetuky
ir metinuky agresyvus elgesys tirtas socialinés hierarchijos
formavimosi pradzioje (pirmaja valanda) naujai suformuo-
toje socialineje grupéje, susidedancioje i§ 2 individy. Ag-
resyviis veiksmai registruoti po 10 d. poveikio sunkiyjy
metaly miSiniu (HMM grupé), po 10 d. badavimo (S gru-
pé) bei po 10 d. abiejy veiksniy poveikio (badavimas +

sunkiyjy metaly miSinys), pastaroji grupé vadinta CE gru-
pe. Sunkiyjy metaly miSinio koncentracija buvo S§ios su-
déties: Cu — 0,0005, Zn — 0,001, Ni — 0,0005, Cr - 0,0025,
Fe — 0,005 mg/l. Siymetuky agresyvumas sumazéjo visose
trijose grupése. Metinuky agresyvumas HMM ir CE gru-
pése buvo padidéjes, o S grupéje patikimy pokyciy neras-
ta. Ne vienoje CE grupéje neaptikta patikimos sgveikos
tarp abiejy tirty veiksniy (badavimo ir sunkiyjy metaly
misinio). Siymetuky CE grupése agresyvumo poky¢iai at-
sirasdavo dél badavimo, o metinuky CE grupése — dél
sunkiyjy metaly misinio poveikio.

Raktazodziai: vaivorykstinis upétakis, agresyvus elgesys,
hierarchijos formavimasis, badavimas, sunkieji metalai
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