Ecotoxicology (2014) 23:1794-1802
DOI 10.1007/s10646-014-1345-0

Fluoxetine inhibits aggressive behaviour during parental care
in male fighting fish (Betta splendens, Regan)
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Abstract The increasing presence of aquatic contami-
nants, such as the pharmaceutical fluoxetine, has raised
concerns over potentially disrupting effects on several
aspects of fish reproduction. However, the effects of flu-
oxetine on reproductive and paternal behavior in fish
remain understudied, particularly at environmentally rele-
vant concentrations. In the current study, we therefore
tested the hypothesis that waterborne fluoxetine at an
environmentally relevant concentration (540 ng/l), disrupts
specific reproductive and paternal behaviors in male Sia-
mese fighting fish at distinct reproductive phases. A pre-
post test design was adopted to investigate specific
behavioral responses at the individual fish level in response
to male conspecific intruders at two different distances
from the nest across four distinct reproductive phases
(before bubblenest construction, following bubblenest
construction, after spawning and after hatching of the lar-
vae). In the control specimens, the measured behaviours
were not different between the spawning times and among
the interactions in either distance to nest at the different
reproduction phases. Our results indicate that fluoxetine
specifically disrupts characteristic paternal territorial
aggression behaviour only after spawning and hatching of
the larvae, while male behaviour in previous reproductive
phases is unaffected by fluoxetine exposure. Results of
comparison between males at 1st spawning and specimens
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exposed to fluoxetine at 2nd spawning showed that the first
reaction of the nest-holding males to the intruders, duration
of fin spreading, number of bites, and 90° turn, and the
frequency of sweeps were different between the spawning
times after spawning or hatching of embryos. However,
interaction of spawning time and reproduction phase was
significant on biting behaviour. These results demonstrate
that fluoxetine exposure at environmental concentrations
negatively affects territorial defense behaviour in fighting
fish during parental care after larval hatching, which may
have possible implications on reproductive success and
population dynamics.
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Introduction

Siamese fighting fish (Betta splendens), like many teleost
fish species, exhibit a distinct reproductive and paternal
care behavior (Balshine and Sloman 2011). Paternal care in
Siamese fighting fish is comprised of several aspects which
notably include nest-building and post-spawning territorial
defense (Rainwater and Miller 1966). Energetically costly
(Haller 1991; Castro et al. 2006; Alton et al. 2013), the
paternal aggressive behavior in male Siamese fighting fish
represents an investment to protect developing fish and
enhance offspring survival (Jaroensutasinee and Jaroensu-
tasinee 2003).

The specific behavioral sequence of reproductive behav-
ior and subsequent paternal care is well described in Siamese
fighting fish (Rainwater and Miller 1966; Bronstein 1982).
Originally from Thailand, wild male fish construct isolated
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nests in shallow warm and oxygen-poor water adjacent to
rice paddies (Jaroensutasinee and Jaroensutasinee 2001),
using pharyngeal organ secretions to form bubbles (Kang
and Lee 2010). Upon construction of the nest, males defend
the territory against other males through displays of
aggressive behaviour, an effect which becomes stronger with
increasing residence time (Jaroensutasinee and Jaroensu-
tasinee 2003). Males attract females and induce a spawning
sequence to fertilize the eggs and following fertilization;
eggs are collected by males and attached to the nest (Rain-
water and Miller 1966). Females, as well as male intruders,
are subsequently chased from the nest through aggressive
displays, which increase after the spawning event has taken
place (Clayton and Hinde 1968; Jaroensutasinee and Jaro-
ensutasinee 2003). These behavioral sequences can be
observed in laboratory settings (Rainwater and Miller 1966;
Bronstein 1982), making the Siamese fighting fish an
important model in studying fish reproductive and territorial
paternal behavior (Abante 2005).

Using this model, several abiotic and biotic factors have
been shown to modulate aggressive behaviors, including
aquatic contaminants, such as the mercury (de Matos
Mansur et al. 2012) and the pharmaceuticals ethinyl-
estradiol (Dzieweczynski and Herbert 2013; Dzieweczyn-
ski and Buckman 2013) and fluoxetine (Lynn et al. 2007;
Kania et al. 2012; Kohlert et al. 2012). While studies
investigating mercury and ethinyl-estradiol describe
behavioural effects at environmentally relevant levels
(15 ng/l), the studies investigating behavioral effects of
waterborne fluoxetine exposures found behavioural effects
at concentrations that are typically a magnitude higher than
concentrations measured in the aquatic environment (Lynn
et al. 2007; Kania et al. 2012; Kohlert et al. 2012), although
studies identifying behavioural effects at environmentally
relevant concentrations (540 ng/l) exist (Dzieweczynski
and Herbert 2012). These apparently variable potencies of
fluoxetine (Sumpter et al. 2013), even within the same
species, maybe related to confounding experimental factors
which have been shown to influence aggressive behavior:
Examples include individual variation in aggressive dis-
plays (Hebert and Dzieweczynski 2011), the effect of the
reproductive state of the animal on aggressive behavior
(Jaroensutasinee and Jaroensutasinee 2003), the nature of
the stimulus (Figler 1972), and the specific behaviors
quantified as indices of aggression (Sumpter et al. 2013).
Sumpter and colleagues suggest that is a need to reproduce
critical results to better assess the aquatic toxicology of
fluoxetine (Sumpter et al. 2013). The current study was
designed to systematically investigate the effect of an
environmentally relevant concentration of fluoxetine
(540 ng/l) on several reproductive and paternal behaviors
in individual male Siamese fighting fish across clearly
defined reproductive phases. Behavioural endpoints in fish

constitute sensitive endpoints to assess contaminant effects,
as they integrate environmental stimuli and physiological
processes (Scott and Sloman 2004) and affect individual
fitness and population dynamics at the ecological level
(Soeffker and Tyler 2012).

Fluoxetine is a widely prescribed psychoactive pharma-
ceutical which belongs to the class of SSRIs (selective seroto-
nin reuptake inhibitors), and is excreted as parent compound or
active nor-fluoxetine (de Vane 1999) and subsequently reaches
aquatic water systems, as it is not routinely retained by WWTPs
(Silva et al. 2012). SSRIs, including fluoxetine and its active
metabolite nor-fluoxetine in particular, are pseudo-persistent in
rivers and streams receiving wastewater from point sources
(Brooks et al. 2003), and reach concentrations in the ng-pg/l
range (Brooks et al. 2003; Metcalfe et al. 2010; Schultz et al.
2010). Fluoxetine has furthermore been shown to bioaccumu-
late in fish in the laboratory (Nakamura et al. 2008; Paterson and
Metcalfe 2008) and field studies (Brooks et al. 2005; Ramirez
et al. 2007; Metcalfe et al. 2010; Schultz et al. 2010), and a
particularly high bioaccumulation of fluoxetine has been
observed in the brain (Brooks et al. 2005; Schultz et al. 2010).
This has raised concerns regarding effects on fish physiology
and behavior (Kreke and Dietrich 2008) and indeed, in addition
to the aforementioned behavioural studies, environmental
concentrations of fluoxetine have been shown to induce dis-
ruption of reproductive physiology (Lister et al. 2009; Menni-
gen et al. 2010a) and metabolism (Mennigen et al. 2010b) in
different fish species. However, behavioural endpoints, in spite
of their apparent sensitivity to waterborne fluoxetine remain
relatively understudied in fish, particularly at environmentally
relevant concentrations (Mennigen et al. 2011). Recently, given
the discrepancy of fluoxetine concentrations which elicit
behavioral effects in various fish species, a need for replication
of studies revealing has behavioural effects has been put for-
ward (Sumpter et al. 2013).

The aim of the present study was to clarify behavioural
effects of fluoxetine, which has been used as a model com-
pound to investigate the potential adverse effects of aquatic
SSRIs on aquatic organisms (Oakes et al. 2010), on charac-
teristic paternal territorial aggression behaviors in male Sia-
mese fighting fish at an environmentally relevant dose
(540 ng/l). Specifically, we exploited the well-characterized
reproductive and paternal aggressive behaviors across differ-
ent reproductive phases in male Siamese fighting fish to assess
potentially disruptive effects of fluoxetine on these behaviors.

Materials and methods
Fish

A total of 55 mature male Siamese fighting fish were
purchased from a local distributor. Fish were transported to
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the laboratory and kept individually in 11 opaque con-
tainers 2 weeks prior to experimentation to avoid priming
of aggressive behavior (Dzieweczynski and Herbert 2012).
The mean weight of fish was 1.71 + 0.55 g. Fish were
maintained at a water temperature of 26 + 1 °C and under
a 12L: 12D photoperiod, conditions optimal for the initi-
ation of nest building. Physiochemical properties of the
water used in the experiments were: dissolved oxygen
7.6 mg/l, pH 7.2-7.8, and total hardness 200 mg/l as
CaCOs;. Containers were maintained with de-chlorinated
municipal water, which was changed on every third day. In
addition, thirty adult females were purchased from another
local distributor. Female fish were kept as groups of 15 fish
in two 20 L tanks under otherwise the same conditions as
the male containers. All fish were fed to satiety two times
daily with 0.9 mm (diameter) commercial pellet and frozen
blood worms (Mabhiran firm).

Fluoxetine exposure

From the fish stock, 9 and 14 males with bubblenests were
selected separately for future spawnings. All of them were
initially tested across different reproductive stages without
fluoxetine exposure (6d). Subsequently, 9 males were again
tested across the same reproductive stages without fluoxetine
exposure (‘control’) and the remaining fish (n = 14) tested
under fluoxetine-exposure (‘exposed’) for another 6d (nomi-
nal concentration of 540 ng/l fluoxetine in spawning test
tanks). It should be noted that control tests run recently after
the tests of 14 individuals. Fluoxetine was obtained from
Pharmaceutical Company of Dr. Abidi; Tehran, Iran. Fol-
lowing the baseline behavioural characterization of fighting
fish under control conditions, we achieved a nominal fluoxe-
tine concentration of 540 ng/l as follows: 12.15 pg fluoxetine
were added to each tank containing a water volume of 22.5 1
by pipetting 100 pl of a stock solution of fluoxetine (1.22 mg
fluoxetine in 10 ml of distilled water). We choose this con-
centration because it has been found in wastewater effluent
and therefore represents an environmentally relevant con-
centration (Fent et al. 2006). Also, the use of only a single
exposure of other contaminants has been reported in previous
studies (e.g. Monteiro et al. 2009). A pre-post repeated mea-
surement experimental design was chosen in order to test
behavioral changes within specific individuals, as previous
studies highlighted inter-individual variability in behavioural
responses in male Siamese fighting fish and specifically for-
mulated the need to investigate individual level responses in
fighting fish exposed to fluoxetine (Dzieweczynski and Her-
bert 2012). In contrast to previous studies (Lynn et al. 2007;
Dzieweczynski and Herbert 2012; Kania et al. 2012; Kohlert
et al. 2012), male-male interaction between live conspecifics
were considered, as these encounters have been shown to
especially elicit the highest degree of territorial aggression in
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Fig. 1 Schematic representation of the spawning tank used in the
study. Letters A and B represent boxes in which intruders were
introduced, and the letter C indicates the site of the bubblenest

45 cm

domesticated B. splendens (Robertson and Sale 1975; Bols
1977; Verbeek et al. 2007).

Spawning tank set-up

We used seven rectangular glass tanks with dimensions of
45 x 30 x 35 cm for the behavioural studies (Fig. 1). The
water height was 20 cm and the bottom of the aquarium was
clear. The tanks were equipped with an aquarium heater to
keep the temperature at 26 °C, and contained a clay pot to
provide a hiding space for females. Two glass sheets
(25 x 12 cm) were embedded vertically at the two ends of
the tank (designated A and B in Fig. 1) in order to place
intruders at different distances to an 8§ x 8 cm Styrofoam
nest situated slightly under the water surface in the corner of
the aquarium (designated C in Fig. 1). This arrangement
allowed for the investigation of behavioural responses to
intruders at close proximity to the nest (A) as well as to
intruders at a larger distance relative to the nest (B), since
territorial aggressive behavior in male B. splendens quali-
tatively depends on distance of the intruder (Bronstein 1982).

Reproductive phases and behaviors

Aggressive behaviors were tested at 4 distinct reproductive
phases described hereafter. The same males were tested at
these four reproductive phases to allow for detection of intra-
individual responses. The first behavioural measurements
(after 5-7 h following the malés introduction to the tank)
were performed before the construction of the bubblenest
(BB). The second behavioural measurements were made
after male fish had constructed their initial bubblenest (AB).
The third set of behavioural measurements were made fol-
lowing spawning (AS). To induce spawning activity, a
female ready for spawning was introduced to the tank fol-
lowing the second measurements. Female spawning capacity
was determined by the presence of a big belly and the
appearance of white spots (ovipositors) on their vent. In most
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Table 1 F value of the repeated measures ANOVA of six aggressive
behaviours in two different distances from the nest, away from the
nest or close to it, at four reproduction phases, before bubblenest

(BB), after bubblenest (AB), after spawning (AS) and after hatching
(AH), after two spawning activity for the male fighting fish in the
control treatment

Behaviours F value of treatment

Spawning time Spawning time X phase

Spawning time x distance Spawning time x phase x distance

First reaction 1.284"™ 0.246"
Gill flaring 1.356™ 0.432™
Fin spreading 0.001™ 0.402™
Biting 0.094™ 0.035™
Sweep 0.005™ 0.197"
90° turn 0.703™ 0.015™

0.884™ 0.76™

0.002™ 0.346™
0.061™ 0.404™
0.057™ 0.345™
0.248™ 0.441™
0.036™ 0.199™

Sample size is 9
ns not significant

cases, the female spawned 1 day after it was paired with a
male. After spawning, the female was removed from the tank
and a third measurement of behaviors was conducted 1 h
after female removal. The final behavioural measurements
were performed after hatching of the larvae (AH). For each
set of behavioural measurements, the duration of the inter-
action was 5 min with 10 min intervals between measure-
ments. The conspecific male intruders were first added to box
B to simulate an intrusion further away from the nest. Fol-
lowing this, intruders were inserted to box A to measure the
malés behavioral responses towards an intruder near to his
nest. This setup was chosen since territorial and aggressive
behaviors towards an intruder are inversely correlated to
distance (Bronstein 1982). To prevent pseudoreplication of
behavioral responses between conspecifics, each intruder
was tested only for one interaction (Box B), and a novel
intruder was introduced when measuring the response closer
to the nest (Box A). However, the same intruders were used
at different reproductive phases (first, second, third and
fourth measurements). Specifically, the measured behaviors
consisted of (1) The response time before the first reaction
against intruder, (2) the duration of gill flaring, (3) duration
of fin spreading, (4) the number of biting behaviours, (5) the
frequency of sweeps to the nest, and (6) the number of 90°
turns, all of which have been described as aggressive and
territorial behaviors in Siamese fighting fish (Clayton and
Hinde 1968; Simpson 1968; Lynn et al. 2007).

Statistics

Data was tested for normality using the Kolmogorov—
Smirnov test. Two independent repeated measures analysis
of variance (ANOVA) with the Greenhouse-Geisser test
were used, one for control treatment and the other for
fluoxetine-exposed treatment, by a within subjects factor of
the spawning time, 1st spawn and 2nd spawn, for the 6

behavioural changes at the 4 reproductive phases (BB, AB,
AS and AH) against conspecific intruders at 2 distances of
the nest, away from nest or close to it. Then, behaviour
changes against intruders at the same distance to the nest at
these 4 reproductive phases among two spawnings were
analysed by paired samples 7 tests. All statistical analyses
were conducted using SPSS, ver. 19.

Results

Behaviour changes of the nest-holding males
in the control treatment

Insignificant differences were found between st and 2nd
spawnings for each of the seven types of aggressive acts
(Table 1). For the interactions i.e. spawning time X repro-
duction phase, spawning time x intruder’s distances to the
nest, and spawning time x reproduction phase x intruder’s
distances to the nest, these had no significant effect on dif-
ferent behaviour changes (Table 1). In addition, paired
samples t test showed insignificant effect between 1st and
2nd spawnings at the same intruder’s distances to the nest at
the 4 reproduction phases (Fig. 2a—f).

Behaviour changes of the nest-holding males
after exposure to fluoxetine

Spawning time had significant effect on the first reaction of
the nest-holding males to the intruders, duration of fin
spreading, biting, sweeping, and 90° turn frequency
(Table 2). After exposure to the fluoxetine in the 2nd
spawning, gill flaring was only the behaviour which has not
been affected. Also, interaction of spawning
time x reproduction phase was only significant for the
frequency of biting. No significant differences were
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«Fig. 2 Changes of the 6 territorial behaviours for the same male

fighting fish of 9 individuals in the control treatment during the 4
reproductive phases, before bubblenest (BB), after bubblenest (AB),
after spawning (AS) and after hatching (AH) against conspecific
intruders at two different distances to the nest, away from the nest or
close to it, after two spawning activities

observed for the other interactions (Table 2). For the paired
comparisons of the behaviours between 1st and 2nd spaw-
nings at the same distances of the intruders to the nest,
significant differences was found for the gill flaring, fin
spreading, frequency of biting, and 90° turn at the late
phases of reproduction i.e. after spawning (AS), and after
hatching (AH) (Fig. 3a—f). Gill flaring of the nest-holding
males against intruders close to the nest at the AS decreased
after exposure to fluoxetine (t = 2.284, p = 0.4; Fig. 3b).
At the AH close to the nest, the frequency of fin spreading
was significantly decreased after fluoxetine exposure
(t =4.098, p = 0.001; Fig. 3c). At the second spawning
after exposure to fluoxetine, biting frequency of the nest-
holding males significantly decreased at the AS and AH in
the both intruder’s distances to the nest (AS-away:
t = 2.386, p = 0.033; AS-near: t = 4.087, p = 0.001; AH-
away: t = 2.532, p = 0.25; AH-near: t = 2.673, p = 0.19;
Fig. 3d). Also, significant reduction was observed at the AS
in the near distance to the nest for the frequency of 90° turn
behaviour (t = 2.211, p = 0.046; Fig. 3f).

Discussion

The pharmaceutical fluoxetine has emerged as an aquatic
contaminant of concern, and several studies have shown
effects on fish reproduction, especially with respect to
physiology (Mennigen et al. 2011). Our study provides
evidence that fluoxetine can disrupt aggressive paternal
care behaviour in individual fighting fish at specific
reproductive phases at an environmentally relevant con-
centration of 540 ng/l. Our study found that nest-holding
male fighting fish display an increase in aggressive
behaviour following the spawning event, evident in terms
of increased biting events towards an intruder, irrespective
of the intruders distance to the nest. This observation
confirms previous observations (Clayton and Hinde 1968;
Jaroensutasinee and Jaroensutasinee 2003). Conversely,
sweeping behaviour was more frequently observed when
intruders were farther to the nest, suggesting that fighting
fish can discriminate between intruders close to the nest
and further away from the nest.
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Table 2 F value of the repeated measures ANOVA of six aggressive
behaviours in two different distances from the nest, away from the
nest or close to it, at four reproduction phases, before bubblenest

(BB), after bubblenest (AB), after spawning (AS) and after hatching
(AH), after two spawning activity for the male fighting fish in the
fluoxetine-exposed treatment

Behaviour F value of treatment

Spawning time Spawning time x phase

Spawning time x distance Spawning time x phase x distance

First reaction 5.865% 0.916™
Gill flaring 1.092"™ 0.851™
Fin Spreading 4.375% 1.531™
Biting 18.288%** 11.083%**
Sweep 11.23%* 2.05"
90" turn 4.605% 0.822™

0.152™ 0.52™
0.783™ 0.123™
1.434™ 0.93™
0.493™ 0.235™
1.455™ 0.244"
2.291™ 0.483™

Sample size is 14
ns not significant
*p < 0.05; ** p <0.01

In our study, fluoxetine affected some measures of ste-
reotyped aggression but not all measures. Following
exposure of fluoxetine at 540 ng/l, the aggressive behav-
iour was suppressed after spawning and after hatching, but
not in other measured reproductive phases. The most evi-
dent behaviour was the biting behaviour, which did not
increase from baseline levels following spawning when fish
were exposed to fluoxetine. Similarly, a reduction of gill
flaring, fin spreading and 90 degree turns was observed
following spawning after exposure to fluoxetine. Gill flar-
ing and fin spreading are the main aggressive behaviours in
fighting fish (Dzieweczynski and Leopard 2010). In con-
trast to the biting behaviour, these responses were sup-
pressed by fluoxetine only when the intruder was placed
closer to the nest, suggesting a specific suppression of nest
territorial defense behaviour following spawning.

Our study confirms recent studies suggesting disruption
of male aggressive behaviour during the paternal care
period in B. splendens species at environmentally relevant
concentrations of fluoxetine. In a previous study, it was
reported that fluoxetine generally decreased aggressive
behaviour of Thalassoma bifasciatum (Perreault et al.
2003). Similarly in fighting fish, fluoxetine has been shown
to reduce aggressive behaviour when injected i.p. at a dose
of 40 pg per day for the duration of 2 weeks (Kania et al.
2012). In waterborne exposures, concentrations of 350 and
705 pg/l fluoxetine decreased aggressive and locomotor
behaviours, an effect which persisted 13d after removal of
fluoxetine (Kohlert et al. 2012). In a short term waterborne
fluoxetine exposure of fighting fish, inhibition of 90° turns
and time spent in broadside were observed at a concen-
tration of 3 ug/l fluoxetine (Lynn et al. 2007). In addition,
previous study by Clotfelter and Paolino (2003) showed
when a male fighting fish that allowed observing aggressive
contests between pairs of male conspecific (‘bystander’)

perform more aggression than a male observed an empty
tank. Therefore in the present study, use of the control
treatment allowed us to compare behavioural differences
between nest-holding males after exposure to fluoxetine
and the males without fluoxetine exposure at the 2nd
spawning.

Evidence suggests that aggressive and reproductive
behaviour in fish is modulated by neuroendocrine
mechanisms, including the neurotransmitter serotonin
(Somoza and Peter 1991), the neuropeptides vasotocin
and isotocin (Foran and Bass 1999), and the sex steroid
testosterone (Smith 1969). As in other teleost fish, the
telencephalon and hypothalamic area appear to mediate
aggressive behavior in B. splendens (Santangelo and
Bass 2006). Injection of 5-HT or the SHTRIA agonist
OH-DPAT decreased aggression in fighting fish (Clot-
felter et al. 2007). Indeed, fluoxetine and other SSRIs
pharmacologically act to increase 5-HT in the synaptic
cleft by inhibiting the selective serotonin reuptake.
However, future studies should measure 5-HT turnover
in the brain, especially since lower, waterborne concen-
trations of fluoxetine resulted in a paradoxical decrease
in 5-HT in hybrid striped bass, that was correlated with
the disruption of prey catching behaviour (Gaworecki
and Klaine 2008; Clotfelter et al. 2007). An additional
neuroendocrine target associated with a role in aggres-
sive and reproductive behaviours are the neuropeptides
vasotocin and isotocin. A higher abundance of vasotocin
in the preoptic area has been associated with increased
aggressive behaviour in several fish, including the highly
territorial damselfish Stegastes leucostictus (Santangelo
and Bass 2006). Isotocin has been shown to be involved
in submissive behaviour in Neolamprologus pulcher, a
cichlid fish that establishes dominant-subordinate rela-
tionships (Reddon et al. 2012), facilitating social
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fighting fish of 14 individuals in the fluoxetine-exposed treatment
during the 4 reproductive phases, before bubblenest (BB), after
bubblenest (AB), after spawning (AS) and after hatching (AH) against
conspecific intruders at two different distances from the nest, away
from the nest or close to it, after two spawning activities. *p < 0.05;
*#p < 0.01

approach behaviour in goldfish (Thompson and Walton
2004) and in promoting paternal care in Amatitlania
nigrofasciata, a monogamous cichlid fish (O’Connell
et al. 2012). Interestingly, isotocin and vasotocin have
been shown to be modulated by fluoxetine in different
fish species. Pharmacological injections of fluoxetine
reduced vasotocin expression in the preoptic area of
male wrasses Thalassoma bifasciatum, which correlated
with a decrease in aggressive behaviour (Semsar et al.
2004). Similarly, injections of fluoxetine reduced the
expression of isotocin in hypothalamus and telencephalon
of female goldfish (Mennigen et al. 2008). Therefore,
especially given the diversity of neuropeptide effects in
the class of teleost species (Godwin and Thompson
2012), future studies should investigate the potential
involvement of neuropeptides in the observed behav-
ioural effects of during paternal care in fighting fish and
their disruption by fluoxetine.

In conclusion, the results of the present demonstrate
that environmentally relevant concentration of fluoxetine
can disrupt reproductive and aggressive behaviors in
male fighting fish during the parental care period fol-
lowing the spawning event. This is of importance, since
disruption of reproductive behaviour is ecologically rel-
evant in that it contributes to species survival. Given the
detection of fluoxetine and SSRIs in aquatic systems at
concentrations of up to 3 ug/l, comparative studies on
fish behaviour are warranted. Determination of neuroen-
docrine mechanism and targeted dose response studies of
behavior and neuroendocrine endpoints on the one hand
are warranted to determine the molecular mode of
action. Field studies and population studies are warranted
to determine ecological meaning of these behavioural
effects.
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