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Abstract

Anaesthetic agents are very useful for reducing

the stress caused by handling, sorting, transporta-

tion, artificial reproduction, tagging, administra-

tion of vaccines and surgical procedures in fish.

The efficacy of two anaesthetics: MS-222 and

AQUI-S� were tested on rohu, Labeo rohita

advanced size fry. The lowest effective doses that

produced induction in 3 min or less and recovery

times 5 min or less and meet the most criteria of

good anaesthetic characteristics were 125 mg L�1

of MS-222, and 30 mg L�1 of AQUI-S� in rohu,

Labeo rohita advanced size fry. Induction times

were significantly decreased with increased in

the concentrations of any of the two tested anaes-

thetic agents. The lowest doses suitable for trans-

portation of rohu advanced size fry observed

were: 10–15 mg L�1 of MS-222 and 2.5 mg L�1

AQUI-S�. Both anaesthetics showed promising to

be used as anaesthetics for handling and transpor-

tation in rohu (Labeo rohita) advanced fry.

Keywords: Labeo rohita, anaesthetics, MS-222,

AQUI-S�, transportation, stress

Introduction

Anaesthetic agents are very useful for reducing

the stress caused by handling, sorting, transporta-

tion, artificial reproduction, tagging, administra-

tion of vaccines and surgical procedures in fish

(Mylonas, Cardinaletti, Sigelaki & Polzonetti-Magni

2005; Matin, Hossain & Hashim 2009; Weber,

Peleteiro, Garc�ıa Mart�ın & Aldegunde 2009). Fish

transport is one of the most stressful procedures in

aquaculture facilities. It consists of several poten-

tial stressors, such as capture, on-loading, trans-

port, unloading, temperature differences, water

quality changes and stocking, and its stress can

result in immuno-suppression, physical injury or

even death (Inoue, Afonso, Iwama & Moraes

2005; Iversen, Finstad, McKinley, Eliassen, Carlsen

& Evjen 2005; Portz, Woodley, Cech & Liston

2005; Ashley 2007).

Inappropriate concentrations of an anaesthetic

may lead to adverse effects such as stress and its

related hazards on fish. Therefore, the ideal and

optimum concentration of an anaesthetic should

be determined for various fish species (Hoseini,

Hoseini & Jafar-Nodeh 2011; Hoseini & Ghelich-

pour 2012; Popovic, Strunjak-Perovic, Coz-Rako-

vac, Barisic, Jadan, Berakovic & Klobucar 2012).

Efficacy (rapid induction and calm recovery), cost,

availability, ease of use, as well as toxicity to fish,

humans and the environment, are the criteria’s

which should be considered when choosing an

anaesthetic (Cho & Heath 2000; Ross & Ross

2008; Akbulut, Cakma, Aksungur & Cavdar

2010; Zahl, Samuelsen & Kiessling 2012). There-

fore, access to safe and effective fish anaesthetics

is a critical need of fisheries researchers, manag-

ers and culturists (Trushenski, Bowker, Cooke,

Erdahl, Bell, MacMillan, Yanong, Hill, Fabrizio,

Garvey & Sharon 2013). It is often advisable to

identify the lowest effective doses of different ana-

esthetics in a specified species, as the responses to

the same anaesthetic may vary considerably

among different species (King, Hooper, Hillsgrove,

Benton & Berlinsky 2005; Chambel, Pinho,

Sousa, Ferreira, Baptista, Severiano, Mendes &

Pedrosa 2013).
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MS-222 compound base molecule is ethyl 3-

aminobenzoate, and it is a white, crystalline pow-

der. It has a good safety margin to fish. It is not

currently known to be toxic to humans and

approved drugs for used on food fish in the United

States, United Kingdom and Canada with 21-days

withdrawal period (Coyle, Durborow & Tidwell

2004; Ross & Ross 2008; Brown 2011; Popovic

et al. 2012).

The useful features of clove oil prompted the

development of a new anaesthetic compound for

fish, named AQUI-S�, at the Seafood Research

Laboratory in New Zealand. The active ingredient

of the product is iso-eugenol. AQUI-S� is a clear

viscous yellow liquid, which is dispersible in fresh-

water or seawater. It has a gentle action and fish

do not usually show any adverse reaction to its

presence. It has a wide safety margin at low con-

centrations. It has been approved for use in New

Zealand, Australia and Chile (Coyle et al. 2004;

Ross & Ross 2008; Brown 2011; Javahery &

Moradlu 2012; Aqui-s 2013).

Demand of fish is very high in comparison to

the production level, and in general the fish pro-

duction is consumed locally (Wagle, Gurung,

Pradhan & Raymajhi 2011). Fish is imported from

India to meet the fish demand (Mishra & Upadhya

2011). It has been given emphasis that consistent

supply of high quality and healthy fish seeds to

the fish grower could increase fish production in

Nepal (Kloeblen 2011; Mishra & Upadhya 2011;

Weimin, Clausen & Funge-Smith 2012). To supply

healthy fish seed, it is necessary to establish suit-

able protocol that will avoid handling and trans-

portation stress and its related hazards. Therefore,

use of anaesthetics to reduce stress related hazards

during transportation and handling will ensure

the supply of healthy fish seed to the fish grower

to enhance the fish production in Nepal.

Indian major carp, Labeo rohita (Hamilton-

Buchanan, 1822), commonly known as ‘rohu’

belongs to the family Cyprinidae. Labeo rohita is

tasty fish which fetch higher prices in the market

of Nepal. It is cultured in polyculture with other

carps of pond fish farming in Nepal. In Nepal,

hatcheries or fish seed production units are gener-

ally located far away from fish rearing ponds/

farms. Therefore, transport of fish fry-fingerlings of

Labeo rohita from hatchery to culture units/farms

is compulsory that often link to the problem of

transport stress and mortality. Significance mortal-

ity during and post transportation of fish seed (up

to 70%) experience by farmers in Nepal (Wagle,

Shrestha, KC, Bista, Pandit, Dahal & Gurung 2012).

The traditional methods of fish fry transportation

result in heavy mortality owing accumulation of

toxic wastes such as ammonia, decrease in pH due

to high carbon dioxide build-up, depletion of oxygen

in the water, hyperactivity, stress and exhaustion of

the fry and infection contracted during transport.

Traditional methods of transportation of rohu, Labeo

rohita fry mortality is up to 42.5% in Bangladesh

(Islam & Hossain 2013). Transportation stress,

physiological response and mortality with different

packing density, journey length, transportation

methods, water quality management in Rohu(Labeo

rohita) fry-fingerlings have been emphasized by pre-

vious studies(Singh, Vartak, Balange & Ghughuskar

2004; Chatterjee, Pal, Das, Manush, Sarma, Ven-

kateshwarlu & Mukherjee 2006; Hasan & Bart

2007a,b; Chatterjee, Pal, Das, Dalvi, Mohammad,

Sarma, Mukherjee & Baruah 2010; Hasan, Pinky,

Kabir, Ahmed & Rashid 2013).

Although much of the research works on the

anaesthetics efficacy has been performed for the cul-

tured salmonids fish species. However, little

researches have been studied on the cultured warm

water carp fish species, especially for practical use

in aquaculture. Anaesthetic efficacy researches on

rohu (Labeo rohita) are scarce (Singh et al. 2004;

Hasan & Bart 2007a,b; Farid, Rahman, Shirin &

Nur 2008; Hasan et al. 2013). This is the first study

to investigate the efficacy of different concentrations

of MS-222 and AQUI-S� in rohu (Labeo rohita)

advanced fry and will be helpful to develop stan-

dardized techniques for transportation, captive

breeding, other aquaculture and research purposes.

In addition, use of these anaesthetics in optimal

dose for transportation of rohu (Labeo rohita) fry has

not been studied before. Furthermore, this is first

time in Nepal to introduce anaesthetics on fish seed

for handling and transportation. This research work

will add new innovation for aquaculture develop-

ment in Nepal. The main objective of this research

was to find out appropriate anaesthetics for rohu

(Labeo rohita) fish seed to use in the handling and

transport of this species.

Materials and methods

Experimental fish and procedures

All experiments were performed at Agricultural

Research Centre (Fisheries), (ARS, Fisheries)
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Pokhara, Kaski, Nepal in indoor carp hatchery

facilities. Rohu (Labeo rohita) advanced size fry was

used in this experiment. Fry seeds were collected

by fry net from nursery pond of ARS (Fisheries)

and kept in cemented tank with regular fresh

water supply with subsistence feeding for 7 days.

For acclimatization to hatchery condition, the fish

fry was kept in 500 L circular plastic tank in

indoor carp hatchery facilities for 7 days before

experiment with continuous fresh water supply

and subsistence feeding. The fry was starved for

24 h prior to the experiments. The fry was trans-

ferred to an acclimation aquarium (60 L) 2 h prior

to the experiment performance.

Glass aquaria of (30 cm930 cm950 cm) 45 L

equipped with aeration stone was used in the

entire experiment. The water in these aquaria was

from freshwater supply to hatchery of ARS (Fisher-

ies) Pokhara.

Anaesthetics agents

The anaesthetics selected for these studies were;

AQUI-S� (Aquis, New Zealand Ltd, Aquatic anaes-

thetic, Humane Harvesting), and MS-222 powder

(Pharma Q Ltd, Unit 15, Sandleheath Industrial

estate, Ferdinbridge, Hampshire).

Experiment 1: anaesthetic efficacy

Several concentrations of each anaesthetic agent

were tested. The following final concentrations of

anaesthetics were evaluated: 20, 30 and 40 mg L�1

AQUI-S� and 75, 100, 125 mg L�1 of MS-222.

Only one anaesthetic concentration was tested at

a time. Stages of anaesthesia and recovery behav-

iour were observed according to Table 1 and 2.

Rohu (Labeo rohita) advanced size fry used in

this experiment was body weight of 2.79 � 0.14

g (Mean � SD) and length of 6.53 � 0.13 cm

(Mean � SD). Ten advanced size fry of Labeo rohita

were individually exposed to each anaesthetic

concentration of MS-222, and AQUI-S�. When

performing the experiments, single fish was quietly

scooped and transferred from the acclimation tank

and immersed to the anaesthetic solution bath

(10 L) in the experimental aquarium (45 L). After

reaching the final stage, surgical anaesthesia,

stage 3b (Table 1) time was noted. At that time,

the fish was weighed before transferred to the

resuscitation tank containing aerated freshwater

only. The maximum exposure time to each anaes-

thetic agent was 10 min. If no anaesthetic effect

(Stage 3b) was observed during those 10 min, the

concentration of anaesthetic was considered insuf-

ficient.

The exposure time for recovery was based on

the average introduction time achieved from above

experiment. Three concentrations for each anaes-

thetic were tested. Ten advanced size fry of rohu

were quietly scooped and transferred from the

acclimation tank and immersed to the anaesthetic

solution in the experimental aquarium. After the

desirable exposure time of the chosen anaesthetic

and its concentration, the fish was transferred to

Table 1 Stages of anaesthesia modified from Burka, Hammell, Horsberg, Johnson, Rainnie and Speare (1997)

Stage Description Behaviour sign

0 Normal Active swimming patterns; reactive to external stimuli; normal equilibrium; normal muscle tone.

1 Light sedation Reduced swimming activity; slight or total loss of reactivity to visual and tactile stimuli.

2 Light necrosis Slightly loss of equilibrium.

3a Deep necrosis Total loss of equilibrium; decreased muscle tone; reactivity to strong tactile stimuli; decreased

respiratory rate.

3b Surgical anaestheisa Total loss of reactivity; total loss of muscle tone; low respiratory rate; tail swinging stopped.

4 Medullary collapse Respiration ceases, cardiac arrest; death ensure.

Table 2 Stages of recovery modified from Hikasa, Takase, Ogasawara and Ogasawara (1986)

Stage Behaviour sign

1 Reappearance of opercula movement; weak muscle tone visible.

2 Reappearance of swimming activity but still loss of equilibrium.

3 Partial recovery of equilibrium.

4 Full recovery of equilibrium; reaction in response to visual and tactile stimuli; still stolid behavioural response.

5 Total behaviour recovery; normal swimming activity.
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the resuscitation aquarium for recovery. The time

to intrigue in the recovery stage (Stage 5, Table 2)

was recorded for each individual fish.

Experiment 2: lower concentrations of anaesthetic

suitable for transportation purposes

Rohu advanced size fry (2.47 � 0.84 g,

6.30 � 0.84 cm; mean � SD) was used for this

experiment. Ten fish were placed into each of glass

aquaria (45 L) filled with aerated fresh water and

containing one of the two anaesthetics. Anaes-

thetic concentrations tested were: 5, 10 and

15 mg L�1 of MS-222; 1, 2.5 and 5 mg L�1 of

AQUI-S�. Each anaesthetic concentration was

tested in triplicate. A control group of three aqua-

ria without anaesthetic was used as control. Stock

solutions of the anaesthetic agents were prepared

fresh prior to the start of experiments.

Fish were observed at 4-h intervals up to 12-h

and behavioural responses recorded. After 12-h,

surviving fish were transferred to recovery tanks

and monitored for another 24-h.

Preparation of sedatives solutions

All anaesthetics were expressed in mg L�1 in rela-

tion to the active substance. MS-222 was mea-

sured in a gram-scale by digital balance

(Saratorius, Germany), while AQUI-S was mea-

sured by graduated measuring cylinder and micro-

pipette (Biohit Proline, Finland). MS-222 was

applied directly to the water, while AQUI-S� was

prepared as a stock solution at a ratio of 1 part

AQUI-S solution to 10 parts of water. MS-222 was

buffered with sodium bi- carbonate (NaHCO3) to

maintain pH (Popovic et al. 2012). Time for induc-

tion and recovery was recorded in seconds using

electronic stopwatch (Weber et al. 2009).

Water quality

The water temperature, pH was recorded by digital

pH meter (Thermo electronic corporation, Singa-

pore) and dissolved oxygen by winkler methods

(Boyd & Craig 1992) during the experiments.

Ammonium was analysed using salicylate-hypo-

chlorite method (Bower & Holm-Hansen 1980).

Statistical analyses

All results for means comparison were analysed by

one-way analysis of variance (ANOVA), using SPSS

(version 15) statistical software package (SPSS

Inc., Chicago). Difference among treatments means

were determined by using LSD test. The differences

were considered significant at the level of 5%

(P < 0.05).

Results

Anaesthetic efficacy

The water quality parameter recorded

(Mean � SD) were: temperature, 25.9 � 0.59°C;
dissolved oxygen, 7.13 � 0.18 mg L�1; ammonia

(NH4
+-N), 0.002 � 0.001 mg L�1 and pH 7.3

during the entire experiment.

The average induction time (Mean � SE) for sur-

gical anaesthesia stage 3b (Table 1) and recovery

time (Stage 5, Table 2) of three concentrations of

two anaesthetics for Rohu (Labeo rohita) advanced

size fry is presented in Table 3 and Fig. 1.

Rohu (Labeo rohita) advanced size fry exposed to

the lowest concentration (50 mg L�1) of MS-222

was not found to reached surgical anaesthesia

within 10 min of exposure time. The lowest con-

centration of MS-222 at125 mg L�1 was found

effective for induction to 3b stage, surgical anaes-

thesia (≤3 min) and recovery (≤5 min) in Labeo

rohita fry. There was significant difference

(P < 0.001) of induction time between concentra-

tions of 75 mg L�1, 100 and 125 mg L�1.The

induction time was decreased with the increased

concentration of MS-222. Recovery time was

also significantly difference (P < 0.001) with the

Table 3 Induction (surgical anaesthesia, stage 3b) and

recovery (normal behaviour) times for advanced size fry

(n = 10) of rohu (Labeo rohita) anaesthetized with three

concentrations of two anaesthetic agents

Anaesthetics

concentration

(mg L�1)

Induction time

(min) (Mean � SE)

Recovery time

(min) (Mean � SE)

MS-222

75 5.24 � 0.32a 1.36 � 0.02b

100 3.23 � 0.26c 2.64 � 0.15a

125 2.39 � 0.20b 1.58 � 0.08b

AQUI-S�

20 4.31 � 0.04a 4.10 � 0.19a

30 2.18 � 0.08c 4.54 � 0.05a

40 1.67 � 0.14b 4.27 � 0.16a

All data are presented as mean values � SEM. For each anaes-

thetic agent, values in the same column with different letters

are significantly different (P < 0.05).

© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–104

Anaesthetic efficacy Md. A Husen & S Sharma Aquaculture Research, 2015, 1–10



concentration of 100 mg L�1 to 75 and

125 mg L�1. The fish fry was recovered within

3.0 min time in all tested concentration of MS-

222.

Rohu (Labeo rohita) advanced size fry exposed to

the lowest concentration (15 mg L�1) of AQIUI-S�

was not reached to surgical anaesthesia (3b stage)

within 10 min of exposure time. There was signifi-

cant difference (P < 0.001) of induction time

between the concentration of 20, 30, and

40 mg L�1 of AQIUI-S� but recovery time was not

significantly different but within 5 min. The induc-

tion time was decreased with the increased con-

centration of AQIUI-S�. Lowest effective dose of

AQUI-S� found for induction to 3b stage, surgical

anaesthesia (≤3 min) and recovery (≤5 min) in La-

beo rohita fry was 30 mg L�1.

Lower concentrations of anaesthetic suitable for

transportation purposes

Water quality parameters during this experiment

were: temperature (27.2 � 0.02°C; mean � SD),

pH (7.3 � 0.08), and oxygen (7.09 � 0.29;

mean � SD).

Anaesthetics concentrations suitable for trans-

portation of advanced size fry found were: 10–
15 mg L�1 of MS-222 and 2.5 mg L�1 of

AQUI-S� (Table 4). The MS-222 dose at 5.0

mg L�1 was not able to sedate the advanced size

fry of rohu while 20% of fry exhibited total loss

of equilibrium in that dose of AQUI-S�. AQUI-S�

was found effective at low dose in comparison

to MS-222 for advanced size fry of rohu. No

fry mortality was recorded during the entire

experiment.

Discussion

Anaesthesia or sedation should be induced rapidly,

preferably in less than 3 min, and with minimum

associated hyperactivity or other stress. Recovery

should be rapid, complete about 5 min in clean

water with no other undesirable features (Marking

& Meyer 1985; Ross & Ross 2008). Behaviour

observation revealed that the lowest effective doses

Table 4 Behavioural observations of fish fry in anaesthetics bath during 12-h exposure in diluted concentration of two

anaesthetics in three doses

Anaesthetic

Behavioural observation during anaesthetics bath
Recovery

time(min)

Survival (%)

24-h4-h 8-h 12-h

MS-222 mg L�1

5 .0 Normal Normal Normal Normal 100

10.0 Light sedation* Light sedation Light sedation 0.48 � 0.02 100

15.0 Light sedation Light sedation Light sedation 0.88 � 0.02 100

AQUI-S mg L�1

1.0 Normal Normal Normal Normal 100

2.5 Light sedation Light sedation Light sedation 0.35 � 0.10 100

5.0 Total loss of

equilibrium (20% fry)

Total loss of equilibrium

(20% fry)

Total loss of

equilibrium(20% fry)

1.83 � 0.08 100

Control Normal Normal Normal Normal 100

*Light sedation: reduced swimming activity, slight or total loss of reactivity to visual and tactile stimuli without loss of equilibrium.

Figure 1 Times (Mean�SE) to

reach stages 3b (Total loss of reac-

tivity; total loss of muscle tone;

low respiratory rate) and recovery

for Rohu (Labeo rohita) fry anaes-

thetized with three concentrations

of MS-222 and AQUI-S�.
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that produced induction in 3 min or less and

recovery 5 min or less and meet the most criteria

of good anaesthetic characteristics were

125 mg L�1 of MS-222, and 30 mg L�1 of AQUI-

S in rohu (Labeo rohita) advanced size fry.

The findings of MS-222 efficacy at dose of

125 mg L�1 for induction (≤3 min) and recovery

(≤5 min) in Labeo rohita in present study are

agreement with the other fish species (King et al.

2005; Pawar, Sanaye, Sreepada, Harish, Surya-

vanshi & Ansari 2011; Chambel et al. 2013; Gha-

nawi, Samer & Imad 2013). However, some fish

species required high concentration (140–
150 mg L�1) of MS-222 to achieve desirable

induction (≤3 min) and recovery (≤5 min) com-

pare with this species (Roubach, De Carvalho &

Val 2001; Mercy, Malika & Sajan 2013; Mitjana,

Bonastre, Insua, Falceto, Esteban, Josa & Espinosa

2014). Similarly, MS-222 efficacy for induction (≤
3 min) and recovery (≤ 5 min) was found in low

concentration (100 mg L�1) in another fish spe-

cies than Labeo rohita (Hseu, Yeh, Chu & Ting

1998; Bystriansky, LeBlanc & Ballantyne 2006;

Ibarra-Zatarain, Ibarra-Castro, Alvarez-Lajonch�ere,

Aguilar & S�anchez-T�ellez 2011).

The findings of AQUI-S� efficacy at dose of

30 mg L�1 for induction (≤3 min) and recovery

(≤5 min) in Labeo rohita in present study are agree-

ment with the other fish species (Stehly & Gingerich

1999; Iversen, Finstad, McKinley & Eliassen 2003;

Small & Chatakondi 2005; Woods, Theisen & He

2008). However, some fish species required high

concentration (60–120 mg L�1) of AQUI-S� to

achieve desirable induction (≤3 min) and recovery

(≤5 min) compare with this species (Rothwell,

Black, Jerrett & Forster 2005; Young 2009; Tru-

shenski, Bowzer, Bowker & Schwarz 2012). Like-

wise, AQUI-S� efficacy for induction (≤3 min) and

recovery (≤5 min) was found in low concentration

(10–20 mg L�1) in another fish species than Labeo

rohita (Wagner, Arndt & Hilton 2002; Raidal,

Shearer, Stephens & Richardson 2006).

Induction times decreased with increased in the

concentrations of any of the two tested anaesthetic

agents on Labeo rohita, advanced size fry which

are agreement with previous studies that sug-

gested the induction time decreases inversely

according to the concentration of anaesthetic

agent in teleost fish (Mylonas et al. 2005; Gullian

& Villanueva 2009; Weber et al. 2009; Heo &

Shin 2010; Pramod, Ramachandran, Sajeevan,

Thampy & Pai 2010; Pawar et al. 2011; Sajan,

Malika & Anna 2012; Ghanawi et al. 2013). The

recovery time was within 3 min in MS-222 but

longer in AQUI-S�. However, recovery time of

AQUI-S was within the criteria (<5 min) of desir-

able anaesthetics (Ross & Ross 2008). The longer

recovery by AQUI-S� may be due to slow removal

of excess iso-eugnol by fish (Keene, Noakes, Moc-

cia & Soto 1998; Ghanawi et al. 2013). Mean

recovery time was significantly longer for AQUI-S

(6 min 16 sec) than tricaine (3 min 31sec) in

rainbow trout (O. mykiss) brood stock (Wagner

et al. 2002). Recovery time was found differ on

marbled spinefoot (S. Rivulatus) anaesthetics

applied (Ghanawi et al. 2013).

Transportation and handling procedures consists

of several potential stressors, such as capture, on-

loading, transport, unloading, temperature differ-

ences, water quality changes and stocking (Fins-

tad, Iversen & Sandodden 2003; Iversen et al.

2003, 2005; Portz et al. 2005; Ashley 2007).

Transport for short or long durations can be

stressful to fish and produced physiological conse-

quences (Chandroo, Cooke, McKinley & Moccia

2005; Altun & Danabas 2006).It was also empha-

sized that transportation have caused stress, physi-

ological response and mortality in rohu (Labeo

rohita) fry-fingerlings (Singh et al. 2004; Chatterjee

et al. 2006, 2010; Hasan & Bart 2007a,b; Hasan

et al. 2013).

Transportation of Indian major carps for stock-

ing stage is fry to fingerlings (Chatterjee et al.

2006).The present finding suggested that concen-

tration of MS-222 and AQUI-S� suitable for the

transportation of rohu (Labeo rohita) advanced size

fry (2.47 � 0.84 g) was 10–15 mg L�1 and

2.5 mg L�1 respectively. Similar results have been

obtained by Ghanawi et al. 2013 in S. rivulatus

juveniles. They found that 10–15 mg L�1 of MS-

222 suitable for the transportation of S. rivulatus.

It was found that 5 mg L�1 of MS-222 could be

used for the 8-h transportation for juvenile cobia

(Rachycentron canadum) (Gullian & Villanueva

2009). It has been concluded that 5.0 mg L�1 for

the 24-h and 1.0 mg L�1 of clove oil for the 8-h

seems to be suitable for the transportation of S.

rivulatus juveniles and juvenile cobia (Rachycentron

canadum) respectively (Gullian & Villanueva 2009;

Ghanawi et al. 2013). The manufacture of AQUI-S

have recommended 1–5 mg L�1 for transport of

live fish under light sedation (Aqui-s 2013). Low

dose of anaesthetics application during transporta-

tions have demonstrated to help in mitigation the
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problems of handling and transportation stress in

Labeo rohita fry to fingerlings (Hasan & Bart

2007a,b; Hasan et al. 2013). we concluded that

AQUI-S� could be a suitable anaesthetic in addi-

tion to MS-222 for rohu advanced size fry.

Anaesthetic agents added to the water at low

doses to sedate fish prior to transport can mitigate

stress (Cooke, Suski, Ostrand, Tufts & Wahl 2004;

Hasan & Bart 2007a,b; Ross & Ross 2008; Pra-

mod et al. 2010; Hasan et al. 2013). This reduces

metabolic rate and hence oxygen demand, reduce

general activity, increase ease of handling and mit-

igate the stress response (Berka 1986; Jensen

1990; Ross & Ross 2008). Fish handling and

transport need desired level of sedation which is

reduced reaction to external stimuli, reduced

swimming activity but without loss of equilibrium

(Cooke et al. 2004).

However, it should be always consider the basic

handling and transportation protocol such as con-

ditioning of fish prior transportation, packing den-

sity, duration, water quality and transportation

methods and medium. Only anaesthesia could not

mitigate the transportation and handling stress.

Anaesthesia could help in reducing transportation

and handling stress but still proper fish holding

and handling is necessary (Ghanawi et al. 2013).

Conclusions

This study suggested that MS-222, and AQUI-S

have efficacy for induction and recovery in Labeo

rohita advanced size fry with lowest effective dose

of 125 mg L�1 MS-222, and 30 mg L�1 of AQUI-

S. For transportation purpose, 10–15 mg L�1 of

MS-222 and 2.5 mg L�1 of AQUI-S� found to be

effective concentration. The present finding sug-

gested that MS-222 and AQUI-S could be safely

used on Labeo rohita fish seed. Prior to recommen-

dation to the fish hatchery operators and fish trad-

ers to transport this species fish seed by using

these two anaesthetics, further study needed to

evaluate these two anaesthetics in relation to

physiological response, stress and mortality during

transportation in closed container with oxygen.
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