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Background. Animals acquire new skills due to conditioned responses resulting from a sequence of neutral and
unconditioned stimuli affecting their bodies; there is a constant time interval between the stimuli. Both stimuli
become associated after a number of repetitions and animal bodies start to respond to the initially neutral stimulus as to the unconditioned one. The aim of this study was to determine whether exposure of fish to a pyrethroid—
deltamethrin (an active ingredient in Decis 2.5 EC pesticide that disturbs the proper operation of the nervous system) affects the ability to learn in common carp.
Materials and Methods. Production of new types of behaviour was triggered in fish by using the unconditioned
stimulus (an irritating electric impulse) and the conditioned stimulus (light). The experiment was performed in a
tank divided into two compartments where fish could swim freely from one compartment to another. The ability to learn was assessed on the basis of the following types of behaviour evoked in response to the conditioned
stimulus: locomotor agitation, preference to occupy or avoid certain areas in the tank, an escape response, etc.
Results. In fish exposed to 0.35 µg · L–1 deltamethrin (for common carp concentration 10 times lower than lethal)
for 35 min the ability to produce and remember the conditioned defence response was reduced and time interval
since presenting the conditioned stimulus till occurring the initial signs of the conditioned response was prolonged.
Conclusion. The classical conditioning method revealed that sublethal concentration of deltamethrin restricted
ability to learn and retain information in common carp, despite absence of observable intoxication symptoms.
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INTRODUCTION
The ability to learn is one of the most important benefits gained from the evolution. Animals acquire new
skills due to conditioned responses. A conditioned
response is triggered by presentation of a neutral stimulus along with a stimulus of some significance.
Once some sequences of both stimuli have been repeated,
they become associated in the relevant encephalic centres
and animal bodies start to respond to the initially neutral
stimulus as to the unconditioned one. New types of animal behaviour produced in such a manner are known as
‘classical conditioning’; when lower vertebrates are concerned the mentioned term is regarded as more relevant
than ‘learning’ (Jackson et al. 1970).
In various experiments on learning abilities in fish
performed with the use of the classical conditioning
method, the most frequent unconditioned stimulus was an
irritating electric impulse (6–25 V) induced for 0.2–1.0 s.
Light, usually lasting for 10–20 s, was mainly used as the con*

ditioned stimulus (Agranoff and Klinger 1964, Davis 1968,
Jackson et al. 1970, Bintz 1971, Liu and Braud 1974,
Scobie and Bliss 1974). Such experiments usually
involved tanks divided into a few compartments between
which where the fish could swim freely. The ability to learn
was assessed on the basis of the following types of behaviour: locomotor agitation, preference to occupy or avoid
certain areas in the tank, an escape response, etc. evoked in
response to the conditioned stimulus (Davis 1968, Jackson et
al. 1970, Bintz 1971, Liu and Braud 1974, Scobie and Bliss1974,
Kynard 1974, Giattina and Garton 1983, Tzschentke 1998,
Darland and Dowlinng 2001, Craft et al. 2003).
The classical conditioning proved effective in determining the effect on fish of various chemical substances
(ethanol, DDT), UV radiation, as well as feeding and defence
behaviours (Jackson et al. 1970, Scobie and Bliss 1974,
Scholz et al. 2000, Kelly and Bothwell 2002).
Pyrethroid insecticides constitute a numerous group
among the plant pesticides running off to the aquatic
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ecosystem due to agricultural activities. Pyrethroids are
used in the aquaculture to control some fish parasites such
as Lepeophterius salmonis in salmon farming (Toovey and
Lyndon 2000). What pyrethroid insecticides have in common is how they function: they inhibit in open position ion
channels in the area of synaptic junctions what results in
inhibiting conduction in the nervous system (Lund 1984).
Pyrethroids have a negative temperature coefficient.
They show moderate toxicity to homeothermic animals
and high toxicity to poikilothermic animals. Functional
symptoms of intoxication are: boosted activity and sensitivity to external stimuli, then convulsions and paralysis
(Staatz et al. 1982).
Both high and low concentrations of pyrethroids are
harmful to fish. High concentration disturbs directly neural conduction while low concentration leads to changes in
the enzymatic and hormonal activity (Szegletes et al. 1995,
Svobodová et al. 2003, Velíšek et al. 2006) and also leads
to disturbing ionic balance and osmoregulation (Bálint et
al. 1995, Kłyszejko and Łyczywek 1999) as well as the
anatomic and pathologic changes in the internal organs
(Kumaraguru et al. 1982).
Deltamethrin (an active substance in the agent of trade
name Decis 2.5 EC) is one of pyrethroid insecticides
widely used in agriculture, growing fruits, vegetables,
decorative plants, and forestry for control of chewing and
siphoning insects.
Deltamethrin radically affects neurotransmitters (inhibits
acetylcholinesterase activity) in the central and peripheral
nervous system (Abbassy et al. 1983, Csilik et al. 2000).
The half-life period of deltamethrin in the aquatic environment is 4–8 days (Łakota et al. 1990, Szerow et al. 1996),
and concentration lethal to common carp fry determined
according to LC50 criterion is 3.5 µg · L–1 (Łakota 1992).
In common carp exposed to low concentration of
deltamethrin (0.14 µg · L–1) for 24 h statistically significant
fluctuations were observed in the levels of: glucose, chloride,
sodium and potassium ions, total calcium, creatinine, urea
nitrogen, and cholesterol in the blood serum (Kłyszejko and
Łyczywek 1999). When exposed to deltamethrin for a longer
time (34–60 days), carp are affected by significantly lower
concentrations (0.01–0.1 µg · L–1) showing increased activity of enzymes involved in detoxification in the liver
(Przybylska-Wojtyszyn et al. 1992).
Moreover, deltamethrin was used in mosquito-killing
campaigns what resulted in mass mortality of eel in Lake
Balaton in 1991 and 1995. In the dying eels, blood serum
acetylcholinesterase activity was significantly inhibited,
blood glucose content was 2.5× higher and deltamethrin
concentrations in the fish brains and livers were high
(Bálint et al. 1997).
The aim of this study was to determine whether exposure
of common carp, Cyprinus carpio L., to a poison, that disturbs
the proper operation of the nervous system, affects the conditioning (‘learning’) process in the fish. Using the classical
conditioning method, we examined the ability to produce
and retain conditioned response in common carp exposed
to lethal concentration of deltamethrin for a short time.

MATERIAL AND METHODS
The study was conducted in the autumn and involved
a total of 100 individuals of common carp, Cyprinus carpio L., each weighing 100–200 g. The fish were provided
by the cage farm situated on the warm-water discharge
canal of the ‘Dolna Odra’ power station near Szczecin, in
five successive batches of 20 fish each, in two-week intervals. Prior to the experiment, the fish from each batch were
acclimated to the laboratory conditions for 14 days in
a 1000-L tank, at temperature 18 ± 1ºC, pH 7.4–8.2, and
oxygen content 8.2–10.4 µg · L–1. The fish from each batch
were divided to a control and experimental groups consisting of 10 fish each. This way we had a total of 50 control
fish and 50 experimental fish. Each experiment was performed on one fish at a time. The fish of the experimental
group were exposed to 0.35 µg · L–1 deltamethrin. The
source of deltamethrin was insecticide Decis 2.5 manufactured by Horst Schering (Germany). Firstly, the fish were
intoxicated for 35 min in 20-L tank containing solution of
insecticide, then they were moved to the experimental tank
with pure and saturated water. The control fish were treated
in the same manner except for exposure to the pyrethroid.
The experimental tank was separated into two compartments of the same size by a non-transparent barrier. In each
compartment, there were two copper plates connected to
the electric impulse generator (a source of the irritating
‘unconditioned’ stimuli) and a bulb (a source of ‘neutral’
stimuli) situated over the water surface. There was a hole in
the lower part of the barrier at the tank bottom, enabling
fish to swim freely from one compartment to another. The
upper part of the barrier was jutting out of water thus it
became a screen. The screen enabled each bulb to shine
only over the compartment they were located (Fig. 1).
The aquarium walls were covered with foamed polystyrene to restrict access of undesirable external stimuli
(mainly light and acoustic ones) to fish. The control system enabled to perform the conditioning process in both
compartments independently of each other. The conditioning process, described below, started in both (control
and experimental) groups after a 24-h presence in the
experimental aquarium.
The following stimuli were used to produce the conditioned response:
Unconditioned stimulus: a 9 V square electric
impulse with voltage of 100 mA emitted for 1 s. The emitter of impulses was a P-364 feeder, manufactured by
ELPO in Wrocław, connected to the plates situated in the
compartments of the experimental tank;
Conditioned stimulus: a ray of orange light emitted by a
60 W bulb for 12 s. Orange light was used to make a stimulus
more sharp as there was some white light in the laboratory necessary to observe fish behaviour during the experiments.
A precise control over the stimuli was obtained by using
a time programmer NE 2053 from Nord Elektronik and an
electronic control system made by the Apparatus Repair
Workshop of the Agricultural University of Szczecin.
Procedure. To produce the conditioned response, an
orange bulb was turned on for 12 s over the compartment
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with a fish present, and in the last second of the light stim- RESULTS
ulus a 1 s irritating electric stimulus was turned on. The
The experiments performed on fish revealed that the
stimuli sequence was provided in 2 min intervals and each course of the unconditioned response in all the fish was exactfish undergone 20 repetitions. The behaviour of fish was ly the same: the electric stimulus evoked body twitch as well
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Fig. 1. Experimental tank: B1, B2 = bulbs (sources of the conditioned stimulus), P1, P2 = plates, their surface is shown
by a broken line

observed; once responses considered as conditioned have
occurred, the time between producing the conditioned
stimulus and occurring the response was measured.
Following responses were regarded as conditioned:
Weak response: weak locomotor agitation, nondirectional chaotic fish motion;
Strong response: strong locomotor agitation, restlessness, fish motion shows directional symptoms: they
avoided the vicinity of plates, occupied or swam toward
the barrier separating the tank compartments;
Escape response: directional motion: when light
stimulus occurred fish moved to the neighbouring compartment, that was safe at that moment, to avoid irritating
action of the electric impulse.
Fish behaviour evoked by the electric stimulus only as
well as types of behaviour during 2 min intervals between
the consecutive stimuli sequences was not included in the
assessment of the conditioning.
In both groups of fish (control and experimental) producing the conditioned response to light was described as
1st conditioning while testing a life of acquired response
(performed 24 h later) was described as 2nd conditioning.
The results of this study were processed statistically
applying the Wilcoxon signed-rank test using the
Statistica®6.0 and MS Excel®2000 software.

as sudden and chaotic locomotor movements lasting for 1–2 s.
As to the response to the light stimulus, some differences occurred, and depending on the intensity of reactions, the conditioned responses were divided into weak
responses, strong responses and escape response.
During the 1st conditioning (Fig. 2), the first conditioned responses in the control group occurred in 19% of
fish after 4 repetitions of the stimuli sequence, and all the
fish started to respond to the light stimulus after 9 repetitions. In the group previously exposed to deltamethrin, the
initial sign of the conditioned response occurred in 4% of
fish after 5 repetitions and in all the fish after 12 repetitions of the stimuli sequence.
Testing the life of the produced response after 24 h
(2nd conditioning) has shown that all the fish of the control group retained the stimulus (Fig. 3). In the group of
fish exposed to deltamethrin, the conditioned response
has been retained by 46% of fish under experiment and
the response for all fish has been re-produced after additional 11 repetitions of the stimuli sequence.
Analysis of the control fish responses to the light stimulus revealed that the number of weak and strong
responses was decreasing while a number of escape
responses was increasing during the conditioning.
Percentage share of these types of behaviour in the control
group after 20 repetitions was: 7%, 41%, and 52%, respec-

148

Dziaman et al.

tively (Fig. 4: 1st conditioning) and after 24 h (Fig. 5:
2nd conditioning): 7%, 14%, and 79%, respectively.
The course of the 1st conditioning in fish previously
exposed to deltamethrin (Fig. 6), revealed that starting
with the 11th stimuli sequence (when the conditioned
response was produced in the entire group), the frequency
of escape response increased and a number of strong
responses decreased, and at the end of the experiment
(20th repetition of the stimuli sequence) weak locomotor
agitation was observed in 44%, strong locomotor agitation—in 20%, and escape response—in 36% of fish.

After 24 h (2nd conditioning) weak responses were
observed in 24%, strong responses—in 30%, and escape
response—in 46% of fish exposed to deltamethrin (Fig. 7). At
the end of the experiment (20th stimuli sequence) the occurrence of strong responses increased to 36%, a number of
weak responses decreased to 18%, while a number of behaviour concerned as escape response remained at the same level.
Response time. For the purpose of this article the term
response time is time interval between the moment of
producing the light stimulus and occurring the initial signs
of the conditioned response.

Subsequent light- and electric stimuli

Fig. 2. Progress of conditioning process (1st conditioning) in common carp of the control group and of the group
exposed to deltamethrin

Subsequent light- and electric stimuli

Fig. 3. Durability/Persistence of the conditioned response (2nd conditioning) recorded after 24 h in common carp
of the control group and of the group exposed to deltamethrin
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Fig. 4. Percentage share/distribution of conditioned response in common carp; Control group, 1st conditioning

Fig. 5. Percentage share/distribution of conditioned response in common carp: Control group, 2nd conditioning

Fig. 6. Percentage share/distribution of conditioned response in common carp exposed to deltamethrin; 1st conditioning
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The results revealed that in the control group during the
first conditioning (Fig. 8), response time at the beginning of
the experiment was 6.6 s on average, while at the end (20th
repetition of the stimuli sequence) it decreased to 1.4 s.
During the second conditioning further decrease in
response time was observed (first stimuli sequence—5.2 s;
20th repetition—1.2 s).
In fish exposed to deltamethrin, during the 1st conditioning the average response time at the beginning of the experiment (5th repetition of stimuli sequence) was 5.5 s, while at
the end of the experiment it decreased to 1.8 s (Fig. 8).

During the second conditioning, at the beginning of
the experiment the response time was 5 s (first stimuli
sequence) but in the 20th repetition it decreased to 2.6 s.

DISCUSSION
This study was focused on deltamethrin influence on
the memory processes in fish. Using the classical conditioning method it was proved that short-term (35 min)
exposure of common carp to this pyrethroid (in concentration 10 times lower than lethal) reduced its ability to learn
and retain responses.

Fig. 7. Percentage share/distribution of conditioned response in common carp exposed to deltamethrin; 2nd conditioning
Subsequent light and electric stimuli.

Fig. 8. Response time in common carp of the control group and of the group exposed to deltamethrin
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Production of the conditioned response was performed
in 20 repetitions of stimuli sequences (1st conditioning)
and the experiments were repeated after 24 h (2nd conditioning) to determine the life of produced responses. The
interval between learning and testing types of behaviour
was in compliance with the procedure for studies performed with the use of the classical conditioning in lower
vertebrates and invertebrates (Agranoff et al. 1965, Davis
and Agranoff 1966, McGaugh 1966, Liu and Braud l974,
Sutton et al. 2002).
During the 1st conditioning, the fish previously
exposed to deltamethrin (Fig. 2) required more repetitions
of the stimuli sequences to produce the conditioned
response, comparing to the control group.
The 2nd conditioning (testing the life of the produced
response) revealed that all the fish of the control group
responded to the light stimulus already in the first stimuli
sequence, while the fish exposed to pesticide had
decreased ability to retain responses (Fig. 3). Similar
weakening of long-term memory was observed by
Agranoff and Klinger (1964) and Davis and Agranoff
(1966) in crucian carp previously exposed to puromycin
(a drug inhibiting replication of viral nucleic acids and
protein synthesis).
Comparing with the higher vertebrates, behavioural
responses in fish are poor in variety and most of their
responses to stimuli are not specific; they mainly respond
through changes in locomotor activity, breathing frequency,
various levels of restlessness, balance disturbances, etc.
(Giattina and Garton 1983, Tzschentke 1998).
Fish behavioural responses also include ‘avoidance’
or ‘preference’ responses that are mainly used for studying repelling or luring activity of chemical substances.
Avoiding or preferring is related to the place where a certain substance has been dissolved.
Experiments using the classical conditioning method
are usually performed in tanks separated into compartments, where the equivalent of the ‘avoidance’ response
is an escape response i.e. going to the neighbouring compartment to avoid negative stimulus. Most scientists
regard ‘escape’ as the most objective symptom of the
learning process (Agranoff et al. 1965, Agranoff and
Klinger 1966, Anderson and Peterson 1969, Davis 1968,
Jackson et al. 1970, Bintz 1971, Riege and Cherkin 1973,
Scobie and Bliss 1974, Giattina and Garton 1983).
For the purpose of this article, the types of fish behaviour during conditioning were divided into the following
responses: ‘weak’ (stimulation and chaotic locomotor
movements), ‘strong’ (movements more and more directional, avoiding the vicinity of the plates) and the most
beneficial type of behaviour such as ‘escape’ to the neighbouring compartment in the tank. On the basis of the
experiments we observed that once a fish had managed to
avoid the electric stimulus, it always responded with
escape until the end of the experiment. This may indicate
that in common carp it was not only association between
the two various stimuli but also between the type of
behaviour and its result.
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During 2nd conditioning, the escape response
occurred at the end of the experiment in 80% of fish in the
control group (Fig. 5), while deltamethrin has decreased
the frequency of such a response occurrence (Fig. 7).
According to the available literature, similar decrease in
the ability of fish to avoid irritating electric impulse was
observed in salmon previously exposed to DDT
(Anderson and Peterson 1969).
Time between producing stimulus to occurring
response is called ‘response time’ or ‘time of response
latency’ and its shortening, particularly in avoidance
responses, is beneficial to the organism. Experiments
described in this article demonstrated that response time
during the 1st conditioning in the control group has
decreased four times and its further decrease occurred during the 2nd conditioning. In the fish exposed to
deltamethrin a decrease in response time was also
observed, however, it was slower than in the control group
(Fig. 8). It seems that one of the reasons could be inhibiting
synaptic conduction by the pyrethroid what was proved by
numerous studies (Deutsch 1971, D’Mello 1993, Pan and
Dutta 1998, Csilik et al. 2000).
The scientific reports of the recent years confirm that
the learning and memory processes depend on the activity
of neurotransmitters in the brain structures. While shortterm memory is concerned, there is a temporary increase
in sensitivity of synapses to neurotransmitter and in longterm memory—sensitivity of synapses to the consecutive
stimulation is constant in character (Deutsch 1971,
Mamounas et al. 1987, Tronel et al. 2004).
Molecular mechanisms involved in the memory process
have not been recognized in details yet. The scientists share
the opinion that retaining acquired information or type of
behaviour (e.g., conditioned response), then moving it from
short-term to long-term memory results from creating specific proteins that permanently accelerate synaptic transmission. Factors involved in the expression of genes
responsible for the synthesis of these proteins are currently
under intensive examination (Fields et al. 1990, Ginty et al.
1993, Worley et al. 1993, Xia et al. 1996, Ai et al. 1998,
Levenson et al. 2004, Alberini 2005, Ko et al. 2005).
Numerous experiments proved that inhibiting DNA
transcription into mRNA, as well as mRNA translation in
protein, prevents from creating long-term paths in memory (Bailey et al. 1996, Fields et al. 1997, Igaz et al. 2002,
Sutton et al. 2004, Alberini 2005). Toxins such as diazinon—an active substance in organophosphate pesticide
(Marinovich et al. 1996) and pyrethroids (Imamura et al.
2000)—were observed to inhibit gene transcription
enabling creating ‘memory’ proteins.
Comparing with the detailed analysis at the molecular
level, experiments performed in this study are rather an
attempt to a ‘holistic’ assessment of effects of a substance
disturbing the function of the nervous system in fish. It
was shown with the use of the classical conditioning
method that sublethal concentration of deltamethrin (an
active substance in Decis 2.5 EC pesticide) hinders
acquiring and retaining information in common carp.
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States of America 98 (20): 11691–11696.
Restricted ability to learn and retain information decreasDOI: 10.1073/pnas.191380698.
es opportunity for animals to adjust to the changes in the
R.E. 1968. Environmental control of memory fixation in
Davis
environment. This study has demonstrated that presence
goldfish.
Journal of Comparative and Physiological
of neurotoxins from plant pesticides in water may be the
Psychology
65 (1): 72–78. DOI: 10.1037/h0025398.
reason for such a dysfunction in fish.
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