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ABSTRACT. This study investigated the effects of sublethal concentrations of the 
pesticide monocrotophos (organophosphate) on the agonistic behavior of two fishes 
species, Astyanax aitiparallae Garutti & Britski, 2000 (Iambari) and Oreochromis 
niloticus (Linnaeus, 1758) (Nile tilapia) . Sublethal concentrations of the pesticide for 
the two species were determined and lambari was more resistant than Nile tilapia. The 
sublethal concentrations were smaller than 400 mgr ' for lambari and 20 mgr' for Nile 
tilapia. The two species were tested in grouping condi tions (triads) and isolation, under 
monocrotophos concentrations of 200 mgr ' fo r lambari and 5 mgr ' for Nile til apia. 
The concentration decreased the aggressiveness in I arnbari , but in Nile tilapia an 
opposite effect was detected. The results show a species-specific effect of the mono
crotophos on aggression. 
KEY WORDS. Teleostei, Astyanax aitiparanae, Oreochromis niioticus, aggressive 
behavior, organophosphate, monocrotophos, sub-lethal concentrations 

The interest to investigate water pollutants increased considerably in the last 
decades . Many of these products are so hard that may ki ll many organisms when 
spread through natural waters (LLOYD 1992). These effects, however, are onl y a 
part of a more intense picture going on. Sub-lethal concentrations of these pollutants 
may be promoting intense alterations on several biochemical, physiological and 
behavioral processes of the organisms (SANTHAKUMAR et al. 2000). Such effects 
are of ind ubitable importance since, as a consequence, the population structure may 
also be disrupted. 

Aggressive behav ior was investigated mainly because of its importance to 
the animal' s life and its neuro-hormonal bac kground, since the pestic ides act on 
such pathways (LITTLE et at. 1990; THANGNIPON et at. 1995). Moreover, effect of 
pesticides on the nervous system may affect several processes which, in turn , may 
modulate emission of aggressive patterns (e.g., pain, blood pressure, gastrintestinal 
moti li ty etc) (BLAXTER & HALLERS-TJABBES 1992 ; PAVLOV et at. 1992). 

The present investigation was caITied out in two fis h species, the characidae 
lambari , Astyanax altiparanae (GARUTTI & BRITS KI 2000) and the cichl idae Ni le 
tilapia, Oreochromis niloticus (Linnaeus, 1758). The lambari is a natural fish from 
neotropical ichthyofauna (GERY 1977) and the Nile ti lapia was introduced in the 
Brazi l some decades ago (CES P 1985). 
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Despite aggress ion may be somehow disruptive, this characteristic is a lso an 
important evolved aspect for groupi ng behavior. Aggression allows territoriality 
(SHPIGEL & FISHELSON 1991 ) and all the derived resources (KAUFMANN 1983). 
Low aggressi ve rate, however, may decrease competiti ve ability and fl ight capacity 
(FER NO 1987). Therefore, intensification or decreasing on intraspecific aggression 
may result in less adaptive behaviors. The two species concerned in the present study 
show evident aggressive behavior, Oreochromis niloticus (ALVARENGA & VOLPA
TO 1995; GIAQUINTO & VOLPATO 1997; BARKI & VOLPATO 1998) and Astyanax 
altiparanae (= A. bimaculatus) (SAZIMA 1977). 

The present study investigated the effect of monocrotophos, a pesticide still 
used in agriculture, on aggressive behavior of these two species (Iambari and Nile 
til apia). A preliminary study was need to describe the aggressive patterns of the 
lambaris whereas the aggressive ethogram for the Nile tilapia was based on 
ALVARENGA & VOLPATO 1995. In a second step, sub-lethal concentrations of 
monocrotophos were identified for each species, and thus a last experiment tested 
the effect of such concentrations on the aggressive behavior. 

MATERIAL AND METHODS 

Sublethal concentration test 
Astyanax altiparanae were provided by a fish farm located at Pem'ipolis, Sao 

Paulo, Brazil. Fish were maintained in a 2000-L tank (1 fish . 20 L-I). Oreochromis 
niloticus were obtained from CESP Aquaculture Station, Barra Bonita, Sao Pau lo 
and hold in a 2000-L tank (I fish . 10 L-' ). The two species were so maintained for 
10 days before the experiment. Both species were under a 12-h photoperiod, water 
temperature 23 ± 1°C, and continuous aeration with a biological filter. Commercial 
food was daily provided (3 % of biomass) . 

The basic design consisted of exposing the fish to different concentrations 
of the pesticide monocrotophos [dimethyl-(E)-I-methyl-2-(methylcarbamoyl)
vinyl phosphate, Nuvacron 400, Ciba Geigy] and quantification of mortality 
during 96 h (THANGNIPON et al. 1995 ). 

Each fish was isolated in a plastic circular aquaria (0 = 10 cm and 22 cm high; 
1 liter of water) and submitted to the pesticide (or control ). Continuous aeration, daily 
feeding (3% biomass) and 12-h photoperiod was provided. Water temperature osci
llated from 22.07 ± 2.26°C to 22.85 ± 2.07°C to A. altiparanae and 23.71 ± 2.9°C to 
24. 14 ± 2.88°C to 0. niloticus; mean total body length was 6.53 ± 0.57 cm and 6 .23 ± 
0.90 cm, respectively, and there was no significant difference in size between fish from 
different concentrations of pesticide in a same species (Anova, p > 0.05). 

From a pilot study, the test concentrations (mg of Nuvacron 400.L- ') were 
setup for each spec ies: A. altiparanae: 0, 2, 4, 8, 16, 40, 80, 120, 160, 180, 200 and 
240, O. niloticus: 0, 1.2, 2, 4, 8, 16, 80, 160. Five fish were tested in each 
concentration. The pesticide was added to the water of the aquarium before intro
ducing the fish. Observations were developed from 8:00 to 18:00 h every day and 
death were registered. Data analyses consisted to find the highest tested concentra
tion in which no fish died in 96 h. 
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Effect of sublethal concentration of monocrotophos on aggressive behavior 
The fish were provided from the same source as in the previous study. 

Holding conditions were the same, except the time of holding that is specified for 
each experiment. 

Based on the previous study, the fo llowing concentrations of the pesticide 
were used to assure no pesticide-caused mortality during the tests : 80 mgr' for A. 
altiparanae and 2 mgr l for O. niloticus. Each species was submitted to the pesticide 
or pure water (control), with 6 repetition in each condition. 

The experiments consisted of submitting the fish to the pesticide (or pure 
water) and observatiC?n of aggression each day for five subsequent day (triad test) 
or in the first and the fifth day (mirror test). Aggression was inferred from 
confro ntations between the fish in a same triad (triad test) or its image in the mirror 
(mirror test). The frequency of confrontations was counted irrespectively to the 
agonistic type. Water quality in terms of ammonia « 0.5 mgr') and nitrite « 0.05 
mgrl ) was adequate. 

Triad tests 
In A. altiparanae, the mean total length of the fish was 6.09 ± 0.74 cm (similar 

size for control and test conditions, p > 0.05) and the fish were tested after 2 days 
in the holding condition. In O. niloticus the size averaged 6 .38 ± 0.97cm (similar 
between conditions, p > 0.05) and tests started after seven days in the holding 
condition. 

The fis h were introduced into the aquaria in the morning and their behavior 
video recorded for the following 10 min and then for another la-min period in the 
afternoon (about 6 h later) . In the successive four days the fish were videos recorded 
in the morning and afternoon, but for a short period (5 min) . 

Mirror test 
The fish were obtained from the same stock. Fish size was similar between 

control and pesticide conditions for each species (p > 0.05). Mean total length was 
6.93 ± 0.69 cm and 6.68 ± 1.26 cm for A. altiparanae and 0. niloticus, respectively . 

The fi sh were isolated in a glass aquarium (14 x 11.5 x 18.5 cm3) with 
pesticide or pure water, as in the previous study. After three minutes, a mirror was 
placed outside the smaller wall of the aquarium and fish behavior video was recorded 
for fi ve minutes from the first bite. The latency to the first bite was quantified. If no 
bite occurred in 10 min, the session was fi nished. Video analyses consisted of 
counting the number of bites the fish emitted to the mirror. Each condition (pesticide 
and control) was investigated in 10 fis h for each species. This test was performed 
in the first day, immediately the fish was placed into the aquaria, and 96 hours later 
on, always in the morning. 

RESULTS 

Sublethal concentration test 
Figure 1 shows the mortality in the resistance test for the two investigated 

species, A. altiparanae and O. niloticus. Clearly , these two species are resistant to 
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monocrotophos in concentrations up to 120 mgr 1 and 4 mgr 1
, respectively. Thus, 

in the fo llowing test of effect of monocrotophos on aggression we chose the second 
higher concentration where no death ocurred, i. e., 8 mgr 1 and 2 mgr 1 for A. 
altiparanae and O. niloticus, respectively. 
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Fig. 1. Mortality during the test of resistance (96 h) to monocrotophos. Data from five animals 
in each concentration. 

Effect of sublethal concentration of monocrotophos on aggressive behavior 

Astyanax altiparanae 
In the control condition, all the triads showed fights from the first video 

record ing (morning of the first day) to the end of observations. In the test triads, 
however, four triads showed any type of aggression in the first recording (morning) 
and five tr iads fought in the second record ing (afternoon of the first day). Only one 
triad of the test condition did not fought over the 5 days of observations. 

Latency to the first fight averaged 107.66 ± 75 .00 s (from 6 to 202 s) and 
158.83 ± 202.76 s (from 80 to 539 s) for control and test conditions, respectively, 
with no significant difference (Student t test, p = 0.57) . 

Confrontations in triads are expressed in figure 2A. Accordingly , in the first 
day of the aggression test no significant difference occurred between control and 
test fis h. However, from the third day, the pesticide decreased aggress ion in relation 
to the first day (p < 0.01 ). Compared to the control group, a lower aggression in the 
test fish was detected from the second day to the end of the experiment (p < 0.01). 
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In the mirror test, 7 out of 10 fish showed fights directed to their own image 
in both control and test conditions (Fig. 2B). These fis h delayed 10.44 ± 13.73 s 
(from 1 to 72 s) and 131.70 ± 190.72 s (from 3 to 551 s), respectively, for the firs t 
fi ght (latency) in the first mirror tes t. Despite the higher mean frequency in the test 
groups, no signifi cant difference was found (S tudent t test, p = 0.44). 
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Figs 2-3. Mean confrontations rate (± sd) of (2) Astyanax altiparanae from monocrotophos (80 
mgtl or control groups) and (3) Oreochromis niloticus from monocrotophos (2 mgtl or control 
groups). (A) Asterisks indicate significant differences between groups (Kruskal-Wa"is, n = 6) 
and means in a same group with at least a same lower case letter shows no significant 
difference (Friedman); (8) Mean values from individual fish (n = 10 each group) in two periods 
(0 h started pesticide contact) . Asterisks indicate significant differences between periods in a 
same group (Wilcoxon) and different lower case letter shows significant difference in a same 
period (Mann-Whitney) . P values for both graphs are in the text. 

Oreochromis niloticus 
In the control condition, only four tri ads showed fi ght in the first video 

recording (morning of the first day) , but all of them fought in the successive periods 
of observation. In the test triads, however, all the tri ads showed fight in all the 
observation periods. 

Latency to the first fight averaged 216.00 ± 205 .70 s (from 140 to 518 s) and 
234.00 ± 180.06 s (from 125 to 509 s) for control and test condi tions, respectively, 
with no significant difference (Student t test, p = 0.87). 

Fight frequency in triads are presented in fig ure 3A. Despite no significant 
change offight frequency occurred in a same condition over time (control: p = 0.57 , 
test: p = 0.08) , the test fish significantly showed higher confro ntation frequency 
from the second to the fourth day compared to the control fish (p < 0.05). 
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In the mirror test, all the 10 fish showed fights directed to the mirror in the 
test condition (Fig. 3B). However, only 6 out of 10 control fish showed any type of 
fighting in the first day. These fish delayed 50.77 ± 81.45 s (from 3 to 344 s) and 
179.00 ± 206.48 s (from 2 to 476 s), respectively, for the first fight (latency) in the 
first mirror test. Despi te the higher mean frequency in the test groups, no significant 
difference was found (Student t test, p = 0.21). 

DISCUSSION 

The present study showed that the pesticide monocrotophos affects aggres
sion in the fish Astyanax altiparanae and Oreochromis niloticus and that a such 
effect may be species dependent. 

No study describing sub-lethal concentration of monocrotophos in A. alti
paranae was found in the literature. In O. niloticus, TEJADA & BAJET ( 1990) found 
the 48-hour eLso of monocrotophos in 13.8 mgr i and THANGNIPON et ai. (1995) 
in 4.9 mg.L- i for 96 h. Our study showed no mortality of O. niloticus in concentra
tion equal to and lower to 4 mgrl. 

Aggression was evaluated by two ways, direct confront in triads and contests 
with their image in a mirror. Both approaches have been used in investigations on 
fish agonistic behavior. Triads have been more used to study dominance relationship 
and the mirror test seems more appropriate to the motivational state of aggression 
(FRANCK et ai. 1985 ; FRANCK & RIBOWSKI 1987). 

In A. altiparanae , the same profile of aggression between control and test 
groups was found in both triad and mirror tests. This ind icate that both aggressive 
motivation and emission of attacks were decreased by the monocrotophos in this 
species. In 0. niloticus, however, this association was not so clear. In the triads the 
pesticide induced confrontation , but not in the mirror test. An explanation is that 
the aggressive motivation was not affected, but only the agonistic events (animals 
may be more responsive to conspecific action and thus more attention was devoted 
to the other fish). 

Monocrotophos inhibits acetylcholinesterase and thus increases excitability 
in the nervous system of the animals (SKRIPSKY & LOOSLI 1994). If the effect on 
aggression described here non derived from this excitatory effect, increasing both 
mobility and encounter between the oponent, A. altiparanae and O. niloticus should 
to show the same response to the pesticide, but this did not occur. Monocrotophos 
increased confrontations in O. niloticus and decreased it in A. altiparanae . This 
effect on aggression is reinforced since no correlation was detected between number 
of confrontations and time spent in free swimming. These considerations points to 
other ways by which the pesticide affected aggression in these two species. SAN
THAKUMAR & BALAJI (2000) observed in Anabas testudineus on exposure to 
monocrotophos , decrease in opercu lar movements , loss of equilibrium, increase in 
surfacing behav ior, change in body colour, increase in mucus secretion allover the 
body, irregular swimming activity, increase in nudge, nip and aggressiveness. 

The different effects found in A. altiparanae and O. niloticus support the 
assertion that this is a species-dependent effect of monocrotophos, despite its 
one-way mechanism of action. How could this effect be species dependent? 
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Before complex explanations may be thought out, differences in absortion , 
metabolization and excretion of the monocrotophos may be considered . Thus , 
differences in metabolic rate between these two species may give different treatment 
to this compound into the living fish. Despite such cautionary notes , the opposite 
effect of monocrotophos on the aggressive behavior of A. altiparanae and O. 
niloticus may also be a consequence of the concentrations used. In A. altiparanae , 
the sub-lethal concentration employed was hi~her than that used for 0. niloticus: in 
the former, twice the concentration of 80 mgr was lethal , but thi s was not the case 
in the later (2 mgr\ So, in relative terms , the first concentration may be considered 
higher to the fish. 

The effect of sub-lethal concentrations of monocrotophos on aggression , 
increasing or decreasing it, may have important ecological consequences. Aggres
sion is a homeostatic behavior for the fish, or even for the intraspecific group, 
stabilizing hierarchical relationship, territory and predator defense. Changes in 
aggression may affect these processes and survival may be decreased. Higher 
intraspecific aggression may increase damage to the animals. Low aggression may 
decrease territory size and so less resources . These expeculations advise that danger 
for pollution in rivers are not concentrated in the death of the organism, but also in 
small changes in their population structure which could affect survival. 
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