
iNtroduCtioN

the welfare of farmed fish is increasingly coming to

the forefront of public concern (fSBi, 2002). Physi-

cal, chemical and other perceived stressors can all

evoke non-specific responses in fish, which are con-

sidered adaptive to enable the fish to cope with the

disturbance and maintain its homeostatic state. if the

stressor is overly severe or long-lasting to the point

that the fish is not able to regain homeostasis, then

the responses themselves may become maladaptive

and threaten the fish health and “well being” (Barton,

2002). in order to develop effective systems for pro-

tecting the welfare of farmed fishes, it is necessary to

know how individuals with different behavioral pro-

files live under different husbandry conditions [i.e. at

different stocking densities: huntingford (2004)].
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the working hypothesis of the present study is to verify whether, the spatial distribution of sea
bass fry remains invariable under the pressure of certain rearing conditions, due to its extended
pla sticity or, certain situations lead to specific distributions. for this reason, we investigated and
com pared horizontal and vertical distribution of sea bass reared in aquaria, at three different
stocking densities (5 ind. l–1, 10 ind. l–1 and 20 ind. l–1), two different temperatures (16 and 23οC)
and two different feeding conditions (feeding fish and starving fish). the analysis of the video
records and General Linear Models revealed a strong effect of stocking density, feeding condi-
tion, and day of experimentation on fish behavior interpreted by the vertical and horizontal dis-
tribution of fish. temperature also affected distribution when it was combined with stocking den-
sity and feeding condition. however, this effect seemed to be lessened by the effect of the other
variables (i.e. stocking density, feeding condition and day of experimentation). the exposure time
(chronic stress) to the stocking density, temperature and feeding condition as well as to their ad-
ditive cumulative effect (variables interactions) was the cause of the development of stereotypic
behaviors that increased in occurrence frequency and over an experimental time lapse and grad-
ually led to the weakening and death of the fry (bad welfare). thus, it is assumed that stocking
density, feeding condition, day of experimentation and temperature can have negative effects on
sea bass “well being” and in order to maintain its welfare during rearing it is important to take
all necessary pre cau tions of handling when dealing with these variables in the fish environment.
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usually, intense farming implies that animals/fish

are kept in small volumes/spaces in densities much

higher than the ones encountered in natural popula-

tions. this indicates that rearing conditions are main-

ly manipulated so as to increase profit. these impos -

ed conditions may evoke reactions of impaired wel-

fare when the animal becomes unable to cope with

them. Behaviors such as food acquisition, predator

avoidance, migration, and habitat preference may

hamper welfare of an organism and thus of a popula-

tion, and were commonly used as indicators of the

suitability of the living conditions (Little, 2002). in

some respects, behavioral responses are an animal’s

first line of defense against adverse living conditions,

changes often being triggered by the same stimuli

that initiate the primary stress response. the expres -

s ed behavioral response depends on the kind and the

intensity of the stressor concerned. for example, when

aggressed or attacked by a predator, fish may respond

by shoaling (Pitcher & Parrish, 1993), “freezing” (Goo -

dey & Liley, 1985), taking shelter (Brown & Warbur-

ton, 1999) or changing its color (endler, 1986; o’Con -

nor et al., 2000), whereas feeding activity may be mo -

di fied, delayed or suppressed (hart, 1997) and fish

may avoid areas in which they have been attacked

(Li ma, 1998). Specific adaptive behavior patterns are

also observed in response to tissue damage (Verhei-

jen & Buwalda, 1988) or parasites (furevik et al.,

1993). in such cases, different behavioral patterns

may occur, ranging from reduced feed intake, to ag-

gression and death. the spatial distribution of a fish

as a part of its behavioral repertoire is therefore af-

fected and modified by the altered rearing conditions

applied and can serve as a proxy measure of potential

stressful conditions (Pihl et al., 1991; kristiansen et

al., 2004; Stien et al., 2007). thus, information about

the animal’s behavior and distribution in such condi-

tions may help us to evaluate its welfare condition. 

european sea bass, Dicentrarchus labrax (Linna -

eus, 1758), is one of the two marine fish species along

with gilthead sea bream (Sparus aurata Linnaeus,

1758) which have characterized the development of

marine aquaculture in the Mediterranean region over

the last two decades. the substantial increase in pro-

duction levels of this high value species has been pos-

sible thanks to the progressive improvement in the

technologies involved in the production of fry in ha -

tc heries (Moretti et al., 1999). it is characterized as an

euryhaline and an eurythermal species since it can

survive from 0 to 38‰ salinity (Chervinsky, 1974)

and at a temperature range of 2°C to 32°C as an a -

dult although it will stop feeding below 7°C (Barna -

bé, 1990). it is considered to be a hypotropical species

that is mostly found in water temperatures of 8°C to

24°C (Moreira et al., 1992), while it can also be rear -

ed in a tropical ambient at temperatures between 25

and 29°C (Barnabé, 1990).

Sea bass tolerance and ability to adapt to temper-

ature variations (alliot et al., 1983), as well as to high

stocking densities (dalla Via et al., 1998; Papou tso -

glou et al., 1998; Paspatis et al., 2003) indicates a

species with high adaptability and plasticity in differ-

ent rearing conditions. the working hypothesis of the

present study is to verify whether, under the pressure

of certain rearing conditions, the spatial distribution

of the species remains invariable, because of its ex-

tended plasticity or, if extreme situations, lead to spe-

cific distributions. We also tried to ascertain whether

any change of the distribution behavior or an incre-

ment of certain behaviors (such as the emergence of

stereotypic behaviors) could serve as a non invasive

indicator of the good or bad welfare of the fish as a

result of the effect of the parameters studied. for this

reason, we investigated and compared fry sea bass

horizontal and vertical distribution reared in aquaria,

at three different stocking densities under two tempe -

ra tures and two different feeding conditions.

MateriaLS aNd MethodS

Experimental design

the experimental fish were provided from the hatch -

e ry facilities of the hellenic Center of Marine re-

search (hCMr) at the age of 76 days post hatch, 0.057

±0.010 g mean weight (±s.e.) and 1.810±0.040 cm

total Length (±s.e). they were transferred to the fa-

cilities of the Cretaquarium “thalassokosmos” of

hCMr where the experiments took place. the fish

were randomly assigned to 24 plastic transparent a -

qua riums of 6 l volume each (29.5 cm × 19 cm × 17

cm) in one replicate (a and b aquarium), two differ-

ent temperatures (16 and 23οC: cold and hot), two

different feeding conditions (feeding fish and starving

fish) and three different stocking densities (5, 10 and

20 ind. l–1: table 1). each aquarium was filled with

filtered seawater with the same salinity (S) as the

sour ce rearing tanks (35 g l–1), at a rate that assures a

renewal of 32% of its volume h-1 and was supplied

with a porous stone through which air bubbles were

diffused from the bottom of the aquarium to the sur-
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face and in a way that the water was circularly mixed

gently. in order to avoid visual disturbance between

adjacent aquariums, the rear and lateral walls of each

aquarium were dyed with dark blue paint (fig. 1).

this also facilitated the video recording and analysis

due to the contrast between the fish and the back-

ground. Photoperiod was kept to 10L:14d. to avoid

stressing those fish being introduced to higher tem-

perature levels, the mean water temperature was gra -

dual ly increased from 17±2°C (temperature of the

source rearing tanks) to 23±1°C. after their intro-

duction to the aquariums fish at both temperatures

(16 and 23°C) were allowed to acclimatize, for at

least 30 min (estimated time during which fish occu-

pied the whole water volume of the tank) before any

experimental handling began, to allow them to recover

from transfer stress. the fish that were fed (feeding

fish) were provided with enriched instar i Artemia

nauplii (“Selco”, iNVe S.a., Belgium) equal to 80%

of their present biomass in wet weight and pellets [2/3

commercial crumbles (r1 100, Proton 2/3 particle

size 200-300 μm)] equal to 20% of their present bio-

mass in dry weight. food was provided 4 times during

the day, at 9:00, 12:00, 15:00 and 18:00. daily mortality

was measured and the dead fish were removed from

the aquaria.

Data collection

the observation was held with digital video cameras

(SoNy haNdyCaM, dCr-hC27e; SoNy diG-
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taBLe 1. experimental setup. Stocking densities: low

(5 ind. l–1), medium (10 ind. l–1), high (20 ind. l–1)

aquarium feeding Stocking temperature

replicates condition density (°C)

1a 1b feeding fish low 16±1 (cold)

2a 2b feeding fish medium 16±1 (cold)

3a 3b feeding fish high 16±1 (cold)

1a 1b Starving fish low 16±1 (cold)

2a 2b Starving fish medium 16±1 (cold)

3a 3b Starving fish high 16±1 (cold)

1a 1b feeding fish low 23±1 (hot)

2a 2b feeding fish medium 23±1 (hot)

3a 3b feeding fish high 23±1 (hot)

1a 1b Starving fish low 23±1 (hot)

2a 2b Starving fish medium 23±1 (hot)

3a 3b Starving fish high 23±1 (hot)

fiG. 1. experimental set up where the fish groups were plac ed respectively per stocking density and per replicate. the same

set up was positioned in two sides (feeding and starving group) and in two different temperatures (table 1). the dark grey

color indicates the dark blue paint that was applied in the rear and adjacent walls. (i) front side of the experimental set up

showing feeding group, (ii) enlargement of an aquarium. a, water outlet (filter); B, water inlet; C, aeration (po rous stone).



itaL haNdyCaM, dCr-trV830e) placed in

front of the aquarium at an angle of 90o giving a who -

le view ability of the water column. recordings were

made before the first food supply of the day for all

the fish that were provided with food (feeding fish)

and at a corresponding time for all the fish that were

not provided with food (starving fish). the analysis of

the recordings stopped after 14 days of experiment

due to high mortality of the starving fish at 23οC. da-

ta was used for the analysis of the fish horizontal and

vertical distribution but also for the identification of

possible abnormal behavior patterns. 

Data analysis

Software

the observation and processing of the recordings

were conducted in order to identify the location of

the individuals in the water column. the recorded vi -

deo clips were initially processed with the Windows

Mo vie Maker application software in order to extract

selected frames per minute. each frame was then a -

na  lyzed by the use of a custom-made software (Xy-

quantifier) build in LabView (National instruments)

programming language. in every individual frame the

total length of the tank and the position of the center

of the mass of each fish were pointed by the user. all

these positions, which represent the real location of

each fish in the water column, were then calculated

automatically in both X (horizontal) and y (vertical)

dimensions. finally all measurements were exported

in text format for further processing and analysis.

Measurements were performed for three different

dates (i.e. 1st, 6th and 14th day) when noticeable chan -

ges in behavior were observed.

Statistical analysis

the effects of feeding condition, stocking density and

tem perature on the horizontal (X) and vertical (y)

position of fish in the tank (aquarium) were analyzed

using General Linear Models (GLM). day of experi-

mentation (d) was also included in the model. fur-

thermore, replicate (r) was considered as an aquari-

um effect (“cage effect”) nested within treatments

(dytham, 2011) to examine its significance for the

ver tical and horizontal position variables. to correct

the differences in the number of fish measured due to

the increasing cumulative mortality over the course of

experiments (e.g. very few remaining fish on day 14

in the starving treatments) position measurements

were weighted by a factor proportional to the number

of fish in the tank (survival rate) (faraway, 2005).

the general model used was of the form:

Position = μ + fC + Sd + t + d + interactions + ε

where Position is the vertical (y) or horizontal (X)

position, fC the feeding condition, Sd the stocking

density, t the temperature, d the day of experimen-

tation, interactions is any possible combination of two

effects interaction, μ the global mean and ε the error

term assumed to be distributed normally.

all variables and their first order interactions

were initially included in the model but only signifi-

cant (p<0.05) variables and interactions were finally

selected by using a stepwise backward removal me -

thod. finally, marginal means for each significant mo -

del term and their 95% confidence intervals were es-

timated and plotted.

reSuLtS

Trends and evolution of survival and behavior

the overall experiment lasted 19 days, but because

most individuals in the starving fish were dead by day

15, analysis of the recordings stopped at day 14. Gen-

erally, the fish kept at 23°C were those that died first,

although no starving fish survived, in any of the con-

ditions (i.e. high density, medium density or cold tem-

perature) (fig. 2).

the starving group exhibited abnormal swimming

patterns in different day of experimentation, stocking

density and temperature (table 2) like: swimming at

the upper levels of the water column, upstream posi-

tioning, “sitting” on the bottom, or laying in the water

column with their heads plump (a characteristic be-

havior of the autotrophic stages: kentouri, 1985) or

hiding behind the water filter and the air diffuser sto -

ne, expressing a stereotypic swimming behavior which

is characteristic of feeble fish during the first days of

exogenous feeding (kentouri, 1985).

on the contrary, the behavior of the feeding fish

did not show abnormal patterns besides swimming to

the more upper parts of the water column near the

surface. Some evidence of aggressive and cannibalis-

tic behavior was also observed at certain stocking

densities on the 6th day of experimentation and that

seemed to be the main cause of mortality within those

groups (fig. 2 and table 2).
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Statistical data processing

results of the GLM analysis are shown in tables 3

and 4. With regard to vertical position (y), stocking

density, feeding condition and day of experimenta-

tion entered significantly into the model together

with three interaction terms (feeding condition × day

of experimentation, stocking density × temperature

and feeding condition × temperature) (table 3). hor-

izontal po si tion (X) was significantly related to day of

experimentation and the interaction day of experi-

mentation  temperature (table 4). the replicate term

[(the interaction: r × (stocking density) × (feeding

condition) × (temperature)] was not statistically sig-

nificant neither for the vertical (f = 2.76, p = 0.10)

nor for the horizontal position (f=1.13, p=0.33).

Both models were highly significant (tables 3 and

4) with coefficients of determination (r2) 0.46 and

0.24 for vertical (y) and horizontal (X) position, re-

spectively. residual plots showed that the models

were satisfactory in terms of residual properties (ran-

domly distributed, homoscedastic) (fig. 3).

estimated standardized means for the main effects

entering into the two GLM models are shown in fig-

ure 4. Stocking density was a significant variable for

vertical position with the highest density treatment (20

ind. l–1) exhibiting the highest mean value (fig. 4a).

the starving fish had a significantly lower mean verti-
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fiG. 2. range of survival in the experimental time for the fish populations of three different densities (low, medium, high)

for both replicates of different temperature (hot and cold) and feeding condition (feeding fish and starving fish).



cal distribution compared to the feeding fish (fig. 4b).

in the beginning of the experiment (day 1) the fish

were lower in the water column compared to day 6

104          Maria Neofytou et al. — Variables affecting horizontal and vertical distribution of sea bass fry

taBLe 2. Summary of the behavioral observations for each group of fish, t: temperature

Behavioral element fish group

feeding condition/t day of Stocking

experimentation density

(1) Nervous swimming at the upper Starving fish/ from 2nd day all stocking densities

levels of the water column all temperatures

(2) Continuous struggle to retain Starving fish/16°C from 6th day Medium, Low
in the position in the water column

by positioning themselves opposite Starving fish/16°C from 8th day high
to the gentle water current

(3) drifted away from the gentle

water current (moving passively Starving fish/23°C 6th day Medium
through the water)

(4) “Sitting” on the bottom

(5) Laying in the water column Starving fish/23°C from 8th day Low
with their heads plump

(6) Shelter searching (hiding Starving fish/23°C 14th day high
behind the water filter and the air

diffuser stone

(7) Stereotype (moving for a period Starving fish/16°C 14th day Medium
of time in the water column

in a repeated fixed way whilst

adhering to the aquarium walls

in up and down movements)

(8) aggressiveness (chasing or Starving fish/ 14th day Medium, high

biting a fish, or being chased or all temperatures

bitten by another fish)

(9) Cannibalism (biting or eating feeding fish/23°C 6th day Medium, high
another fish or being bitten or

eaten by another fish)

taBLe 3. aNoVa table for the final weighted general lin-
ear model fitted to the vertical position variable (y). Sd:
stocking density, fC: feeding condition, d: day of experi-
mentation, t: temperature

type iii Sum Mean

Source of Squares df Square f p

Corrected 9207.28 14 657.66 11.75 0.000

Model

intercept 105803.36 1 105803.36 1890.10 0.000

Sd 635.00 2 317.50 5.67 0.003

fC 263.19 1 263.19 4.70 0.030

d 488.11 2 244.05 4.36 0.013

fC × d 1526.26 2 763.13 13.63 0.000

Sd × t 2062.62 2 1031.31 18.42 0.000

fC × t 743.59 1 743.59 13.28 0.000

error 113634.88 2030 55.98

total 766148.88 2045

Corrected

total 122842.16 2044

taBLe 4. aNoVa table for the final weighted general linear

model fitted to the horizontal position variable (X). fC: feed-

ing condition, d: day of experimentation, t: temperature

Source type iii Sum df Mean f p

of Squares Square

Corrected 11173.00 7 1596.14 8.33 0.000

Model

intercept 971472.52 1 971472.52 5067.79 0.000

d 2041.12 2 1020.56 5.32 0.005

fC × t 5798.11 2 2899.05 15.12 0.000

error 390483.46 2037 191.69

total 2503490.87 2045

Corrected

total 401656.46 2044



and day 14 (fig. 4c). With regard to horizontal distri-

bution, the only significant main effect was the day of

experimentation with fish exhibiting a gradual change

in their mean positioning towards the left part of the

aquaria (opposite to aeration) with time (fig. 4d).

estimated standardized means for the interaction

terms entering significantly into the two models are

shown in figure 5. the starving fish exhibited a de-

crease in their mean vertical distribution with time,

while an opposite trend was found for the feeding fish

(fig. 5a).

different stocking densities exhibited differences

in vertical positioning for the two temperature re gi -

mes. this was particularly evident for the medium

density (10 ind. l–1) in which the vertical positioning

was lower at the cold temperature (fig. 5b).

although at hot temperature no difference was ob-

served in the mean vertical distribution between the

feeding and starving fish, this was not the case for the

cold temperature treatment in which the feeding fish

were distributed higher than the starving fish (fig. 5c).

With regard to horizontal position, differences

were mainly observed for the feeding fish in which fish

were concentrated closer to the right part of the aquar-

ia (towards aeration) at cold temperature (fig. 5d).
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fiG. 3. residual plots of the final general linear models fit-

ted to a) vertical (y) position, and b) horizontal (X) posi-

tion.

fiG. 4. Standardized estimates of vertical (y) or horizontal (X) position with 95% confidence intervals for the significant main

effects of the two models. (a) y: stocking density, (b) y: feeding condition, (c) y: day of experimentation and (d) X: day of

experimentation. 0: feeding fish, 1: starving fish.



diSCuSSioN

as the British farm animal Welfare Council (in kee -

l ing & Jensen, 2002) declared, there are five freedoms

that animals must have: 1) freedom from thirst, hun -

ger and malnutrition, 2) appropriate comfort and

shel ter, 3) prevention, or rapid diagnosis and treat-

ment of injury and disease, 4) freedom to display

most normal patterns of behavior, and 5) freedom

from fear. in the case of farmed fish, these five free-

doms can be translated into: sufficient quantity and

quality of food, suitable temperature, good oxygen

level, water free of pollution, and a stocking density

which takes into account normal swimming and social

interactions, good possibilities to avoid perceived

danger and good monitoring of the health status of

the fish (faWC, 1996).

fish behavior monitoring, especially the study of

spatial distribution, may be performed by means of

different methodologies, more or less complicated

and time consuming (kato et al., 1999, 2004; hader,

2001; Xu et al., 2005, 2006; Stien et al., 2007). the ob-

servation and analysis approach we used proved to be

a handy, non invasive methodology that could be

used as a very valuable tool for researchers that deal

with the behavior of fish. Nevertheless, it is suscepti-

ble to further improvements for more automation

and expansion to the three dimensional level. 

the statistics applied, showed important effect of

the stocking density, feeding condition and day of ex-

perimentation at the vertical distribution and of the

day of experimentation for the horizontal distribution

of the sea bass fry. Specifically, if the effect of feeding

condition is standardized by the effect of all other sig-

nificant main and interaction terms, it was observed

that starving fish were swimming on average lower in

the water column than feeding fish. the interaction of

feeding condition × temperature indicates that the

starvation effect (lower positioning of the starving

fish) is particularly important at lower temperatures.

as far as the day of experimentation is concerned we

observed that on the first day of the experiment the

fish were swimming lower in the water column when

compared to the later experimental days. We also ob-

served in their horizontal distribution that on the first

day they appeared to shoal in the right area of the

aquarium while there-after they began to distribute

over the whole of the aquarium. the fact that the

starving fish tended to swim lower in the water column
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fiG. 5. Standardized estimates of vertical (y) or horizontal (X) position with 95% confidence intervals for the significant in-

teraction terms of the two models. (a) y: feeding condition × day of experimentation, (b) y: stocking density × temperature,

(c) y: feeding condition × temperature, and (d) X: feeding condition × temperature. 0: feeding fish, 1: starving fish.



could be attributed to their predictable seedy physio-

logical functions due to possible alterations in body

composition, e.g. reduction in the size of the gut and

of the liver, as was proven for various species (ehrlich

et al., 1976; rios et al., 2002; Pirhonen et al., 2003; tri-

pathi & Verma, 2003; Lemieux et al., 2004), and con-

sequently their passive sinking due to the water circu-

lation in the aquarium. this is a situation that was ev-

idenced also by time lapse since fish were getting

more and more stressed due to food deprivation.

day of experimentation was found to be an impor-

tant factor affecting the distribution behavior since it

represented the exposure time (chronic stress) to the

conditions of stocking density, temperature and food

availability. all of these factors over a period of time

lead to a sum of the effects (interaction effects) whe re -

by the intensity and frequency of the stereotypic behav-

iors observed led fish to gradual exhaustion and death.

food availability is one of several factors that may have

a direct effect on fish behavior and its variations during

the day. hecht & Pienaar (1993) show ed that in the

african catfish, Clarias gariepinus (Bur chell, 1822), a

gradual reduction in food availability resulted in an in-

crease in territorial behavior and also increased the

number of aggressive acts. the majority of studies on

the effects of starvation has focused on the effects on

growth, muscle protein and fat composition (rios et

al., 2002; Pirhonen et al., 2003; tripathi & Verma,

2003; Lemieux et al., 2004). food deprivation in

farmed fish for short periods under appropriate condi-

tions (e.g. temperature and season) may not cause wel-

fare problems (fSBi, 2002). however, it is important

to consider other effects of starvation and reduced nu-

trition, such as changes in metabolic acti vi ty (Martinez

et al., 2003) and behavior related to competition, as

well as the potential for increased aggression. for ex-

ample, reduced food abundance can cause changes in

territorial behavior strategies and a cti vity patterns in

brown trout, Salmo trutta Linnaeus, 1758 (alanara et

al., 2001; Brannas et al., 2003). in the present study,

food deprivation led to incidences of aggressive and

cannibalistic behavior. Nevertheless, such behaviors al-

so occurred in the feeding fish of the medium and high

stocking density and high tem perature reflecting the

impact of these two variables on the development of

this unfavorable behavior patterns.

important effects on the fry distribution in the

present study also appeared in the case of the stock-

ing density impact. this has been marked by many

authors (Paspatis et al., 2003; Gornati et al., 2004; di

Marco et al., 2008; Sammouth et al., 2009). Generally,

it is believed that increased stocking density has a

negative effect on fish performance (growth, feed in-

take, survival and feed conversion), because the stress

induced, has a metabolic cost, leading to the reduc-

tion in growth and food utilization (hengsawat et al.,

1997). in the present study the population with the

highest stocking density was found to swim higher in

the water column. this was also the case for halibut,

Hippoglossus hippoglossus Linnaeus, 1758 (kristian -

sen et al., 2004) and may occur because the fish are

hungry due to high mobility and high metabolism and

occupy the surface where they are used to expect/find

the food as usual. increasing stocking density was also

found to result in stress that leads to enhanced energy

requirements (Siddiqui et al., 1993; hengsawat et al.,

1997; hecht & uys, 1997). Nevertheless, studies in

both laboratory and aquaculture settings show that

the effect of stocking density on measures of welfare

varies between species. for example, sea bass and

gilthead sea bream, Sparus aurata, showed higher

stress levels at high densities (Montero et al., 1999;

Vazzana et al., 2002; Gornati et al., 2004). in contrast,

arctic charr, Salvelinus alpines (Lin naeus, 1758), feed

and grow well when stocked at high densities but show

depressed food intake and growth rates at low densi-

ties (Jorgensen et al., 1993). Moreover, from the stud-

ies of Greaves & tuene (2001) and kristiansen et al.

(2004) in halibut, tolerance for high stocking density

appears to be stage dependent. 

When the combined effect of the stocking density

and temperature was examined the movement to-

wards the surface was also observed in the middle

stocking density populations and the high tempera-

ture conditions. this indicated that temperature may

have a potential impact on fry’s distribution. temper-

ature has been proven to affect the metabolism. in

particular, the high temperatures are more stressful

either because of the temperature itself or from the

combined effect of reduced oxygen content of the

war mer water and the increased metabolic oxygen de-

mand in the fish. the metabolism of the fish rises and

consequently its demand for food which is interpreted

by a behavior similar to the behavior described earlier

for the population of the higher stocking density

(Beamish, 1978; Schurmann & Steffensen, 1997; Clai -

reaux & Lagardère, 1999, Person-Le ruyet et al.,

2004; Sfakianakis & kentouri, 2010). temperature

exerts a significant effect on the swimming perfor -

mance of the fish with the effects mainly attributed to

the modification of the molecular kinetics and the

rates of the biochemical reactions that convert chemi -
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cal energy into propulsive thrust (Beamish, 1978), as

well as to the alteration of the physical properties of

the water, which may affect the fish movement (fui -

man & Batty, 1997; Johnson et al., 1998).

deviations from the normal fish behavior (behav-

ioral variations) that usually accompany pre-lethal be-

haviors are rarely taken into consideration and/or are

interpreted in the wrong way leading to misconcep-

tions about the early assessment of stressed conditions

that may produce non-reversible results (kentouri &

divanach, 1983). Chronic stress has an effect on fish

behavior and sometimes can lead to atypical, abnor-

mal behavior like stereotypes. therefore the “quan-

tification” of the behavior in relation to chronic stress

could serve as a very useful tool for welfare assess-

ment. Bibliography about stereotypic behavior in fish

is scarce. Stereotypic behavior in animals is character-

ized by a repeated pattern (usually a phenotypically

non functional behavior). Stereotypes could be the in-

evitable result of a restricted environment (Jen sen,

2002) and is often correlated with the exposure to

chronic stress that is induced from unfavorable feed-

ing conditions (Mench & Mason, 1997; robert et al.,

1997). the development of stereotypes is usually the

response to frustration, thwarting or conflict (Wür bel

& Stauffacher, 1997). the results of the present stu dy

indicate that sea bass fry could develop stereotypic be-

havior like the countercurrent continuous swimming

or the periodic up and down movements in a repeated

fixed way adherent to the aquarium walls. this is also

a characteristic behavior pattern of feeble fish during

the first days of their exogenous feeding (kentouri,

1985), introducing in both cases a warning of a bad

non reversible health status. in the present study, the

exposure time (chronic stress) to the stocking density,

temperature and feeding condition as well as to their

additive cumulative effect (variables interactions) was

the cause of the development of stereotypic behaviors

that increased in occurrence frequency and over an

experimental time lapse and gradually led to the

weakening and death of the fry (bad welfare).

in conclusion, in this study, by the use of a handy,

data acquisition and analysis methodology, we evi-

denced a strong effect of the stocking density, feeding

condition, and day of experimentation on the fish be-

havior as interpreted in its vertical and horizontal dis-

tribution. also the temperature appeared to affect

the distribution when it was combined with the vari-

ables of stocking density and feeding condition but

this effect seemed to be lessened by stocking density,

feeding condition and day of experimentation. Con-

sequently, it is assumed that the previously men-

tioned variables (stock ing density, feeding condition,

day of experimentation and temperature) can have

negative effects on sea bass’s “well being” and in or-

der to maintain its welfare during rearing it is impor-

tant to take precautions of care when dealing with

these variables in the fish’s environment. the distri-

bution behavior could also be considered as a non in-

vasive indicator of the good or bad welfare of the fish.
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