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ABSTRACT 
A time-course study was conducted in order to evaluate the 

recovery time of juvenile Sea bass (Dicentrarchus labrax) 
from transport and handling stress.  Among metabolite indices, 
ammonia nitrogen excretion rates were used as stress indicator.  
The measurements were carried out in water ambience of 13 ± 
1ºC under natural light conditions (16L/8D photoperiod).  Ju- 
veniles were transported for about 2 hours in a fish transport 
tank with oxygen supply.  Handling stress was due to netting at 
the outlet site during stocking fish into the transport tank and 
netting at the experimental facility while transferring fish from 
transport tank into experimental tanks.  At the end of trans-
portation, ammonia nitrogen excretion rates of sea bass juve-
niles in the transport tank became about 4 times higher than 
that in sea water at the outlet facility.  Ammonia nitrogen con- 
centrations in fish exposed to transport and handling stress 
peaked 10 hours after stocking in to the tanks, and then de-
clined to initial values 24 h after stocking.  In fish under 
normal condition and without stress, the postprandial trend of 
ammonia nitrogen excretion was similar, however, a peak was 
reached 6 hours after feeding, and then decreased to initial 
values 24 h after feeding.  Based on the duration for recovery 
of ammonia nitrogen excretion in fish, it is suggested that sea 
bass juveniles may completely recover from stress caused by 
transportation and handling, and return to normal feeding 

conditions in 24 hours after a 2 hour truck transport. 

I. INTRODUCTION 
Fish in intensive aquaculture activities are usually subject 

to physical disturbance, in terms of transportation, netting, 
sorting, sizing or other means of handling procedures.  Pro- 
ducing healthy market size fish in a short time frame is the 
main goal in aquaculture, where feeds and feeding frequency 
play an important role in this aim.  It is known in practice that 
fish do not accept feed well when they are under stress caused 
by means of reasons.  Hence, evaluation of stress or the recov- 
ery time from stress is important for estimating the physio- 
logical status of fish and so decide for the best timing to start 
feeding. 

Many studies have been concentrated on stress indicators 
such as plasma cortisol, glucose, hematocrit, and ion balance 
[15, 22, 31], however, the use of un-ionized ammonia nitrogen 
(NH3-N) concentration in the water ambience as a stress indi- 
cator seems to be practical and feasible as ammonia excretion 
rates tend to increase together with the metabolic rate in fish 
exposed to acute stress conditions.  Russo and Thurston [20] 
and and Timmons et al. [25] reported that exposure of fish to 
increased ammonia concentration decrease growth rates, fe-
cundity, disease resistance, and swimming performance, and it 
increases metabolic rate.  Portz et al. [16] reported that tem- 
perature, dissolved oxygen, ammonia, nitrite, nitrate, salinity, 
pH, carbon dioxide, alkalinity and hardness are the most com- 
mon water quality parameters affecting physiological stress, 
and any adverse conditions in these water parameters may 
contribute to fish health and stress levels.  Metabolite indices 
such as ammonia nitrogen excretion or pulsatile urea excretion 
may increase in appearent stress conditions, such as crowding, 
confinement, or air exposure [2, 28].  Furthermore, high levels 
of ammonia, an indicator of toxicity, may also effect fish 
behavior as a response to acute stress conditions [30]. 
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Table 1. Experimental tanks and stocking densities (mean ± 
SD*). 

Experimental tanks 
Parameters Transport tank 

RT CT 
Tank volume (L) 200 500 500 
Fish in tank (inds.) 1200 388 388 
Fish weight (g)* 1.83 ± 1.0 1.83 ± 1.0 1.83 ± 1.0
Stocking density (kg/m3) 10.98 1.42 1.42 
RT, recovery tank 
CT, control tank 

 
 
The aim of the present study was to investigate recovery 

time of fish from transport and handling stress using ammonia 
nitrogen (NH3-N) excretion as a fast and practical method to 
determine the time when fish can start effectively feeding in a 
commercial sea bass farm after transportation. 

II. MATERIALS AND METHODS 
Totally 1200 hatchery reared sea bass juveniles, obtained 

from a commercial sea bass farm (Ida Gida AS., Canakkale- 
Turkey) were fasted for 24 hours prior to transport.  Fish were 
transferred to the transport tank by a hand net and hauled in an 
oxygenated transport tank containing 200 l sea water (31.4‰ 
salinity).  Experimental fish were transported for 2 hours from 
the commercial farm to the marine aquaculture research unit 
of the Faculty of Fisheries at Canakkale Onsekiz Mart Uni-
versity in Canakkale, Turkey in June 2008.  As seawater sa- 
linity at the research station was 26.7‰, fish were gradually 
acclimatized to the new water condition inorder to minimize 
salinity stress.  Acclimatization was performed by gradually 
adding seawater from the research facility into the transport 
tank.  Thereafter, 776 fish were randomly selected and distrib- 
uted by a hand net into two cylindrical-conic experimental 
tanks containing 500 l seawater of 26.7‰ salinity (388 fish in 
each tank, average fish weight 1.83 ± 1 g).  One tank was as- 
signed as the experimental recovery tank (RT) and the other 
tank served as the control tank (CT).  Tank volumes and fish 
stocking densities are given in Table 1. 

Experimental water conditions such as temperature, salinity 
and oxygen levels are given in Table 2.  Water temperature at 
the the commercial fish farm (outlet site) was 13°C and 
increased 2.5°C during the course of 2-h tranportation and 
reached 15.5°C at the end of the transport.  As the water tem- 
perature at the experimental site was 13.7°C, fish were trans- 
ferred to the new environment by gradually lowering the water 
temperature to 14 ± 1°C. 

The stress recovery experiment in the RT started im- 
mediatelly after transport, while adequate time was given for 
fish in the CT to fully recover from stress.  The CT fish 
recovery time was determined by RT stress recovery experi- 
ment.  RT water samples were taken immediately after transfer 
at 0, 2, 4, 6, 10, 16 and 24 hour intervals.  Unionized ammonia 

Table 2.  Experimental water conditions (mean ± SD*). 

Parameter OS1 ESS2 TT3 ET (RT&CT)4

NH3-N mg/L* 0.22 ± 0.05 0.25 ± 0.12 0.88 ± 0.17 0.31 ±0.10 

Salinity (‰) 31.4 27.1 31.4 26.7 

Temperature (°C) 13.0 14.0 15.5 13.7 

Oxygen (mg/L) 8.4 8.3 10.2 8.2 

pH 7.5 7.6 8.1 7.6 
1 OS = outlet site, the departure facility prior to transportation 
2 ESS = experimental sea site 
3 TT = transport tank 
4 ET = experimental tanks, values for both recovery tank (RT) and control tank 

(CT) 

 
 

concentrations (NH3-N mg/L seawater) were determined by 
the Nessler method using a HANNA C200 portable spectro-
photometer (HANNA Instruments, Co., Italy) as described by 
Yigit et al. [32].  Prior to ammonia-N measurements, all ex-
perimental tanks were scrubbed and cleaned before start of experi-
ment to minimize nitrification.  Fish in CT were fed once a day in 
the morning and allowed to feed for 25 minutes, then uneaten 
feed were removed by siphoning.  Water samples were taken 
from the tank at same time intervals as performed in RT and 
postprandial ammonia concentrations were analyzed.  All meas- 
urements at each time intervals were conducted in triplicate. 

Means are reported as ± standard deviation (SD) of the 
mean.  Statistical analyses were performed to examine the 
difference in ammonia-N excretion rates among the experi-
mental groups.  Ammonia-N excretion rates in experimental 
groups of fish exposed to transport and handling stress and 
those without stress were examined by the homoscedastic, 
two-tailed Student’s t-Test, at a 5% significance level [24]. 

III. RESULTS 
No mortalities were recorded during transportation, indicat- 

ing the lack of ammonia intoxication.  At the end of transport, 
ammonia-N concentration in the transportation tank was 4 
times higher than ammonia-N measured in sea water at the 
outlet facility (Table 2).  After stocking the fish into the ex-
perimental recovery tank (RT), ammonia-N concentrations 
rose over time and reached a peak 10 hours later, and then 
declined to the initial values about 24 h after stocking (Fig. 1). 

In fish under normal conditions and without stress (CT), 
postprandial trend of ammonia nitrogen excretion was similar 
to those under stress in terms of the rapid increase from 4-h 
onwards and return to initial values after 24 hours only with 
the difference that ammonia-N peak was observed 6 hours 
after feeding, while peak was reached 10 h after the initial 
point in fish exposed to stress (Fig. 2). 

The peak values recorded in both goups of fish with -or 
without stress after 10 h and 6 h, respectively, were about 3.8 
times higher (P < 0.05) than the level recorded 4 h after the 
initial point.  Even though a higher peak level was recorded for  
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Fig. 1. Ammonia-N excretion rates over 24 hours in juvenile Sea Bass 

exposed to transport and handling stress (n = 388 fish, fish weight 
(g) = 1.83 ± 1.0, mean ± SD). 
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Fig. 2. Postprandial ammonia-N excretion for 24 hours in juvenile Sea 

bass without stress (n = 388 fish, fish weight (g) = 1.83 ± 1.0 mean ± 
SD). 

 
 

fish under stress (10 h after the initial point), compared to that 
recorded for fish without stress (6 h after the initial point), the 
difference was not significant (P > 0.05) (Fig. 1 and Fig. 2). 

Based on the duration of ammonia-N excretion recovery in 
fish, it is suggested that sea bass juveniles may completely 
recover from stress caused by transportation and handling, and 
return to normal feeding conditions in 24 hours after a 2-hour 
truck transport. 

IV. DISCUSSION 
Evaluation of acute stress response and recovery time from 

transport stress is important issue for cost effective fish pro-
duction, because the economic inputs primarily depend on the 
effective utilization of food [15].  Commercial aquaculture 
operations are willing to start feeding as soon as possible when 
fish arrive at the farm after transport.  However, fish are being 
subjected to stress during transport that prevent appetite and 
obstructs effective feeding.  Not only transport alone, but 
handling such as netting during transfer may cause additional 
stress to fish.  Hence, when fish arrive at the farm they need 

recovery time from stressful conditions in order to optimize 
feed which directly affects feed utilization and feed conver-
sion efficiency. 

In the present study, transport and handling stress effects 
were the main stressors focused on, however, there are always 
additional stress effects in fish transportation, such as the noise 
of the vehicle, vibration caused by the road, etc.  Besides, there 
were salinity differences between the seawater at the outlet site 
(the departure facility prior to transportation) and that of the 
experimental sea site.  The difference in water salinity re- 
corded in the transport tank and the experimental tanks is 
because the commercial fish farm uses lower layers of sea 
water in the Dardanelles (Strait of Canakkale), where the 
stream in deeper water layers presents the characteristics of 
the Aegean Sea.  In the experimental facility however, water 
from the upper part of the stream, showing similar charac- 
teristics to the Black Sea conditions, was used.  This might 
explain the difference in water salinity between the two sites, 
both located in the Dardanelles. 

It is reported that the time course of the stress response is 
strongly influenced by the severity and duration of the stress 
itself [15].  Furthermore, different fish species might respond 
to various stressors in a different manner.  Consequently this 
might explain the differences in stress response or the stress 
recovery time between different experiments conducted on 
acute handling or transport stresses.  Wedemeyer [29] reported 
that young coho salmon refused feed and did not resume 
feeding for 4 to 7 days when fish were transferred by a hand 
net from one tank to another, in contrast, rainbow trout held 
under the same conditions returned to normal feeding behavior 
one day after transfer.  Many researchers working on stressors 
and their effects on fish response mainly used hematological 
parameters as indicators for stress [3, 10, 17, 27, 31].  How-
ever, the methodology of this kind of approaches may influ-
ence the results, because blood sampling from alive fish is 
itself a source of stress [11, 12], and even careful removing 
fish from the tank during each sampling time can disturb the 
remaining fish in the tank and cause significant changes in 
their blood parameters [15].  Fecal glucocorticoid measure-
ments were performed in parrotfish by using HPLC (high- 
performance liquid chromatography) [26].  Simontacchi et al. 
[22] demonstrated that cortisol were detectable in alternative 
matter such as mucus, gut content and muscle tissue and that it 
undergoes the same changes during the different stress times 
and conditions as the classical stress variables such as plasma 
cortisol, glucose and lactate in sea bass (D. labrax), hence, 
pointing out new possibilities for evaluating stress conditions 
in fishes where blood sampling is difficult.  Interestingly, 
Ruane and Komen [18] measured cortisol levels in plasma and 
water ambience during a high density stocking experiment in 
carp, and reported that measuring cortisol levels in the water (a 
non-invasive stress assay) proved to be a useful indicator of 
stress levels in fish without inducing any disturbance.  Fur-
thermore, Xu et al. [30] reported that high levels of unionized 
ammonia levels in the water may affect behavioral responses 
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of tilapia exposed to acute ammonia stress. 
In the present study, ammonia nitrogen excretion rates were 

measured in the water as an indicator of acute stress caused by 
transport and handling procedures, and the recovery time from 
stress condition was evaluated.  With the method applied here, 
neither fish were removed from the experimental tank at each 
sampling time, nor blood sample were taken from fish, only 
water samples were directly taken from the experimental tanks.  
Hence, any additional stress or disturbance effect on the ex-
perimental fish was avoided.  Even though there are several 
studies elucidating the response of seabass [3, 6, 7, 22] or other 
fish species [9, 23] to stressors by using different indicators, 
less is known about the time needed for complete recovery of 
sea bass juveniles from stress and then return to normal con-
dition or the renewal of appetite.  Furthermore, the use of 
ammonia nitrogen excretion rates as an indicator of acute 
stress caused by transport and handling, demonstrates a prac-
tical and new approach for the evaluation of short time han-
dling stress in fish. 

As the sum of total NH3-N accumulation in the tanks was 
not important to our study, continuous water inflow and out-
flow (1.7 L/min) throughout the study was maintained in order 
to avoid any additional water quality affected stress.  With this 
methodology, it is obvious that the ammonia-N concentrations 
in water varied from true excretion rates, however, here it was 
important to see the trend of excretion (i.e., increase and de-
crease by time but not the accumulation).  Otherwise, the re- 
sults could have been influenced by the additional stress affect 
of the ammonia-N accumulation in the water. 

It has been reported that fish exposed to increased ammonia 
concentrations may decrease growth rates, fecundity, disease 
resistance, and swimming performance, and it increases meta- 
bolic rate [20, 25].  For example, rainbow trout exposed to 
increased ammonia concentrations (50% of the 96-h lethal 
concentration for rainbow trout, ca. 288 ± 15 μmol/l) showed a 
decrease in their critical swimming speed (from 2.23 ± 0.15 
body length/s to 1.61 ± 0.17 body length/s), and an increase  
in the metabolic rate (from 3.04 ± 0.86 to 5.65 ± 0.59 mmol 
O2/kg/h) [21].  Elevated ammonia may cause increased gill 
ventilation, quick movements, loss of equilibrium, convul-
sions, lack of foraging, and mortality in fishes [13, 20]. 

An increase in metabolic rate is one of the responses of fish 
exposed to stress conditions.  Considering that increased am-
monia concentration increases metabolic rate in fish, a deduc-
tion can be drawn that fish exposed to stress conditions may 
increase ammonia excretion rate by means of elevated metabo- 
lism.  Hence, it can be commented that ammonia excretion is a 
practical and useful indicator for evaluating the metabolic rate 
as well as stress conditions in fish.  Based on these explanations, 
a relation between ammonia excretion rate and stress condition 
can be underlined in terms of increased ammonia excretion 
rates caused by occurance of stress conditions.  According to 
the findings in the present study, fish exposed to transport and 
handling stress recoverd from stress after 24 hours, when 
ammonia excretion rates returned to the initial values. 

The postprandial ammonia-N excretion trend in fish with 
no stress, had interesting indications for the return of appetite, 
hence the appropriate timing for the second feeding.  Even 
though the return of ammonia excretion rate to initial values 
took about 24 hours, there was a peak 6 hours after feeding  
and ammonia excretion rates started a decrease, showing a 
basal stress level for fish and return of appetite.  Hence, it 
might be suggested that the second meal can be delivered to 
sea bass juveniles 6 hours after the first feeding.  Similar 
postprandial peak times of ammonia-N excretion rates were 
found in different fish species (i.e., 5-8 hours for Atlantic  
turbot-Scophthalmus maximus [1, 4, 5, 14], 3-6 hours for 
Japanese flounder-Paralichthys olivaceus [8]; 3-6 hours for 
Black Sea turbot- Scophthalmus maeoticus [32].  The time 
needed for gastric evacuation (required time for emptying the 
stomach) and so the return of appetite is reported as more than 
24 hours in rainbow trout [19].  The reports of Ruohonen et al. 
[19] in rainbow trout also support and agree our findings in 
terms of the return of ammonia excretion rate to the initial 
levels after 24 hours post feeding in sea bass. 

V. CONCLUSION 
The findings in the present study demonstrate that meas-

urement of ammonia-N excretion rates can be used as a prac-
tical indicator for evaluating the recovery time of fish from 
acute stress and that sea bass juveniles subjected to transport 
and handling stress may recover from the stress condition after 
24 hours.  Furthermore, the present study also demononstrates 
that the second meal in a day might be offered to the juveniles 
6 hours after the delivery of the first meal for juvenile sea bass. 
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