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Table 1 The preference species of imported marine ornamental fish in global and local market

Global Market® Local Market”

Consumers’ preferences species

Pomacentridae Pomacentridae

Acanthuridae Others teleost

Pomacanthidae Pomacanthidae
Balistidae Invertebrate®

Chaetodontidae Hard and soft corals

Labridae Acanthuridae
Syngnathidae Syngnathidae
Others teleost Labridae
Invertebrate Balistidae

Hard and soft corals Chaetodontidae

1. Total number of imported damselfish (38,452)
Chrysiptera parasema (13,422)(34.9%)
Chromis viridis (9,575)(24.9%)

2. Total number of imported anemonefish (76,125)
Amphiprion ocellaris (34,334)(45.1%)
A. frenatus (24,286)(31.9%)

Genus Pomacanthus and Genus Holacanthus

Acanthurus leucosternon and Zebrasoma flavescens

Hippocampus spp.

?Cited from Olivier, 2001

bNinety-four import records collected from March 2009 to July 2010.

“Including varied species of Coelenterate, Echinoderm, Mollusca and Crustacean.
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Fig. 1 The carriage water volume per body weight
(ml/g) during the air transport of yellow tail blue
damselfish, Chrysiptera parasema.
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Fig. 2 The carriage water volume per body weight
(ml/g) during the air transport of blue green damselfish,
Chromis viridis.
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Fig. 3 The carriage water volume per body weight
(ml/g) during the air transport of Ocellaris clownfish,
Amphiprion ocellaris.
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Fig. 4 The carriage water volume per body weight
(ml/g) during the air transport of tomato clownfish,
Amphiprion frenatus.
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Fig. 5 The carriage water volume per body weight
(ml/g) during the air transport of Percula clownfish,
Amphiprion percula var. cross.
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Fig. 6 The carriage water volume per body weight
(ml/g) during the air transport of saddleback clownfish,
Amphiprion polymnus.
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Table 2 The mortality of imported damselfish and anemone fish after arrival and then stocked in closed

recirculation system

Mortality (%)

Source imported species n =
MOA® MAT°€ MA7¢ MAT10¢
10 10.0 10.0 20.0 20.0
Chrysiptera parasema 20 6.0 5.0 15.0 25.0
20 8.5 10.0 10.0 10.0
20 14.5 35.0 40.0 40.0
Chromis viridis
25 12.0 20.0 40.0 60.0
Philippines 42 6.5 14.3 28.6 42.9
Amphiprion ocellaris 20 10.0 15.0 25.0 35.0
16 14.5 12.5 37.5 37.5
10 5.0 10.0 20.0 20.0
A. frenatus 52 16.0 11.5 26.9 40.4
22 12.0 13.6 31.8 31.8
60 12.0 11.7 28.3 31.7
Chrysiptera parasema
40 10.5 7.5 27.5 42.5
25 16.0 16.0 44.0 52.0
Amphiprion ocellaris
Indonesia 20 12.0 15.0 25.0 30.0
A. purcula 32 5.5 9.4 28.1 28.1
A. purcula var. cross 16 0.0 6.3 18.75 25.0
A. frenatus 20 10.5 15.0 20.0 25.0
10 7.5 10.0 20.0 30.0
Amphiprion ocellaris
12 6.0 16.7 25.0 25.0
Sri Lanka
A. clarkii 20 15.5 15.0 25.0 35.0
A. nigripes 14 5.0 7.1 21.4 21.4

*Number of samples; "Mortality on arrival, MOA %; “Mortality after 1 day; “Mortality after 7 days; “Mortality after 10 days.
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Table 3 The carriage water quality analysis of imported marine ornamental fishes

Packaging Water Quality Analysis

Imported species

TBW (g)

L
Origin (number of sample) Average = STD H Salinity DO TAN-N® NO,-N  Conductivity
p psu mg/l (ppm)  mg/l (ppm)  ng/l (ppb)  mS/cm
P 3.07+0.31 7.23+0.11 6.28+0.32 7.99+0.83 4.08+0.41
P Chrysiptera parasema (20) 0.94+0.21 7.22+0.07 31.5+0.00 6.14+0.33 6.66+2.25 5.33+0.85
P 1.41+0.35 7.09+0.05 30.6+0.08 5.80+1.20 6.80+1.97 8.50+0.57 47.33+0.10
P 0.65+0.14 7.12+0.04 30.3+0.07 5.52+2.03 3.53+0.57 2.37+0.96 46.65+0.10
P C. cyanea (15) 2.07+0.28 6.98+0.08 31.5+0.00 4.82+0.64 10.11£1.99 4.50+2.38
| 2.39+0.63 7.67+0.06 24.2+0.18 6.02+1.24 3.86+2.12 4.05£2.98 38.40+0.16
P Chrysiptera sp. blue tail (22) 2.57+0.32 6.97+0.13 31.5+0.00 6.22+0.22 8.59+1.15 2.67+1.18
P Chromis viridis (40) 1.03+0.18 7.11£0.08 31.5+0.00 7.08+1.02 12.08+1.65 3.47+1.15
P 0.88+0.11 7.06+0.02 30.9+0.05 7.28+1.24 12.29+3.09 5.36+1.15 47.47+0.05
P Amphiprion frenatus (25) 2.59+0.54 6.86+0.05 30.6+0.05 6.88+2.02 8.96+2.47 13.20£1.90 47.28+0.07
P A. polymnus (20) 0.91+0.15 7.09+0.04 30.6+0.07 5.28+1.44 9.96+2.12 14.90+£2.06 47.44+0.09
S A. sebae (18) 3.46+1.59 7.32+0.09 29.8+0.14 5.88+2.12 6.31£3.01 12.10+0.38 46.19+0.21
S A. melanopus (14) 6.03+3.34 7.08+0.20 29.9+0.00 6.42+0.24 6.32+2.64 16.37+£0.73 46.36+0.05
P 1.24+0.82 7.20+0.18 30.4+0.12 6.08+1.17 10.82+3.47 8.08+0.42 46.85+0.08
A. ocellaris (60)
P 0.31+0.10 7.23+0.14 30.9+0.06 7.42+2.34 2.76x1.16 4.14£1.01 47.45+0.08
P A. perideraion (20) 7.25+2.71 6.62+0.08 30.2+0.05 4.85+0.68 10.52+4.33 19.58+2.63 46.63+0.05
| Amphiprion percula var. (22) 2.12+0.42 7.58+0.06 24.1+0.11 6.86+2.04 4.92+1.57 2.24+0.71 38.19+0.13

P: Philippines, I: Indonesia, S: Sir Lanka;
PTAN-N: total ammonia-N (NH,/NH,*).

IR NIRRT - R RS TR
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T~ Bk R R b

W BIE BB R E R IR D 2 fK B
30 ~ 40 ~ 60 Jz 80 ml/g FEA[FIERAHEEH ALK
& TR 72 h 2 ED SRR o W55
A EIRF RS RAESE R > FHBRRSSRAN Fig. 9
Fii7r o DL 30 ml/g Bk & FEAEE  fERaiii g
ERBBE IR CEEERIT » 12 B 24 h Z BREIETR 71
E15.0% K 30.0% > HEEBEEEEHR - SFEET
HHERE 75.0% - RIESLUHRFEA Y A RS e
TR EIG TR - 40 ml/g 7K B 2P IS B E R FE
RF2E 60 h BAAGHIERIET - qGEAESE 72 hiE 10% 2
FRESE R (HAERE IR 2 I 173 E 60 mi/g J 80
ml/g R 725 -

BEKRBZRE 5 R IRET] - WAL
FTHEBEHFEKE (Andrews, 1990; Olivier,
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Table 4 Microfauna analysis of carriage water of imported marine ornamental fishes

Microfauna analysis of carriage water

Origin® (;Tnﬁg:fgfsf:;iﬁlse) AveLZZ\i—égr)DEV THB" (cfu/ml) TVB® (cfu/ml) \é;btﬁ)o
Min. Max. Min. Max. (%)
P 3.07+0.31 ND 2.28x10* ND ND 0.00
p  Chrysiptera  parasema 0.94£0.21 4.64X10° 2.00X10*  0.00-4.31
P 0 1.41+0.35 6.40X10° 1.44%x10° ND ND 0.00
P 0.65+0.14 6.00X10° 9.80X10° ND ND 0.00
P C cyanea(15) 2.07+0.28 1.02x10° ND 0.00
| 2.39+0.63 3.60%X10° 7.80x10° 1.20X10° 2.00%X10° 0.31-0.56
P Chrysiptera sp. (22) 2.57+0.32 5.60X10° 0.72x10* 0.00-1.29
P Chromis viridis (40) 1.030.18 1.74%10° 0.28X10*  0.00-0.16
P 0.88+0.11 4.40X10°  7.40X10° 0.20x10* 0.80x10* 0.42-1.08
P ér;’)"h'p’i"" frenatus 2.59+0.54 4.96X10°  4.96X10° ND 8.00x10*  0.00-0.16
P A. polymnus (20) 0.91+0.15 6.40X10°  6.40X10° ND ND 0.00
S A. sebae (18) 3.46+1.59 7.12X10°  1.26X10° ND ND 0.00
S A. melanopus (14) 6.03+3.34 1.60X10°  2.96X10° ND ND 0.00
P A. ocellaris (30) 1.24+0.82 2.34X10°  6.58X10° ND ND 0.00
P A. ocellaris (30) 0.31+0.10 1.82X10%  2.28x10° ND ND 0.00
P A. perideraion (20) 7.25+2.71 7.5X10° 9.1X10° 6.3X10° 8.5X10° 8.42-9.26
P A. percula var. (22) 2.12+0.42 1.80X10°  8.00x10° ND 0.20%X10° 0.00-0.05
?P: Philippines, I: Indonesia, S: Sir Lanka;
PTotal heterotrophic bacteria (colony forming unit/ml);
“Total Vibrio-like bacteria (colony forming unit/ml).
2001) 5 IEAEEUE MY < EREYE - T5DAERIE KA o R SR RIS R > HAK

Hit e B o B AR S F T+ [RIRFAEA AR R B
ELHABEMIRIF (Spalding et al., 2001; Wabnitz et
al., 2003) - FRENTH S FRAHRH (A& H i B B I B
B (Tlusty, 2002) » FERFEHIRESETHERETS 17
REATRE HEROIRBIIRTIE T » FHE RS
B WS EYERE S A (OF,
2003; Lecchini et al., 2006) -

ARG REUR - BRI T E5  F R
BIEMKIEAY) - DR e R E 2R
H DA R e Rt g S = % - T H R R L L
RIS R M R B R ALY R
etal., 2005) - 434 2009 £ 3 HZE 2010 4= 7 HfHE -
SR /KB EUK RIS R Bl A &l > A5R
UK BB B IR E Ly F EAYHL SRR - HESM
FFEH - P ~ SEE (FEER) - 3~ i E
Bl BB ] -

AU PEBIE KR E G Rk
HEOSERIKE RENE ~ FEEE - HRER ~ L

(Gasparini

o LEB e B Ry & 2t R S Bl e i
238! (Pomacentridae) ~ fEBEFAFR} (Labridae) ~ ]
IR} (Chaetodontidae) ~ #FERl (Gobiidae) ~ .
FlfaF} (Pomacanthidae) EEA - S HE EiERZ%

MR SRR ~ WIS ENY) ~ M Bl B ek iz
B o ARHHE ISR IRE < B S 0 Dl
AR B g PR o G REE LT8R 12 ~ 15%
K222 ~29% HoiggE R > Hrp XEUR R 7]\
HAHRBE g S f EAR S =B 2 -

BIEOKIBE A=Y s B IE - % LI
HEE AR RZZHE T £ (Cole et al, 1999
Southgate, 2008) - NE#E(E ~ SHEHHH ~ RACF5
Pl fay B S BN 2 BOMRRE A
A EBERE MU ER (Schmidt and
Kunzmann, 2005) - & EAVFERS REUR - SR
BIANRI 3 o 8 SRR TR - AR Y)ERE S OB
CRGHIESE 10 ~ 30% (Gasparini et al., 2005;
Rubec and Cruz, 2005) ; HrppIEEA et
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Fig. 7 Total ammonia-N and nitrite-N of carriage water for ocellaris clownfish in simulated transportation under

different temperatures and time periods.

TIERRE /K BIE A » L PR 2 R
PA R0 B 25 - AlMAEE IR &R 10 ~
40% FYFEI-HR (Schmidt and Kunzmann, 2005) © 43
NS EANFE A SRR & FE R By S5 fR - HE TR
R RGE I —HRMER R E - HRRTIHIE
HEEL e KB E R - BT
TR 5.0 ~ 60% 5 LI EEGE R ~ iR B/ B Bl -
BBLERIC 2 FEEA - 730 st < KE
SEA# (55.5%) ~ SEERE (30.0%) ~ /KIEEERE
I (5.5%) FeHAMER (9.0%) o SEHRAKTE A 7=
BN EBREEREE  BLHEFETHLZ
BRI TCRSHE 100 ~ 44.0% K& 100 ~
60.0% > HEHIAREEREE ~ REFINZEESESREET
sl - DUSGEIK R RAE 2 Tl B Bl A%
EH . R BEE RS S R BRI E Ry R 2
JREA - Horp o EERROHE A R B IR D 2 fa - HIo
HIKI%F Vibrio alginolyticus 5z V. splendidus 85552
MR B2 CRERFER) » B etd
PR BEAE ] o B ZEE T KT HH B AR S 5 2 SRR
TEUR -

WA S TS H B R E T
PRET - (HIFFEA R E R /K Y)RE (Teo et al., 1989;
Kaiser et al., 2006; Kilgore et al., 2009; Brinn et al.,
2009) - HFZTE HiMER] < i H  (Hettiarachchi

and Senadheera, 1999; Kaiser et al., 2006) ~ /K EES
7% (Rubec and Cruz, 2005) BEJEFERFA (Cole et
al., 1999; Wohr et al., 2005; Schmidt and Kunzmann,
2005) 5 - BRI SER R IR ~ 4 Y
E/KETFT K - RoEEFER R HWE - $HE B
[F 2K Z M AR E B B M K R AR Ve Tl

25 B e 5 =0 Ry B S B B 2R R SRR A E Ty
T o EXIRF PR A R A AN S B2
SRR AL - BEE PR R A ETEGETRE - IR
IRFiEnsE 22 ~ 34 h o YRl B MK IR AEY) < RS
- HETDASE B C R EEE » FRHI/K S
RERENREREA T - AWK EmE e
T AN DA R DA E e 5 MR AL
HGEEEAR 60 AT - Y25 MR
i (Teo etal., 1989) o $HEFAN[FEIZKI . FE B 3%
st o T EEOK R E B RS E LB T 0 W)
AAERBEE - BBA RS E ARk ERERE AN b
WREAR » (HEA RSk S AR A [F) P e ] EL AR 7 )Ry 5
1% (species-specific) o 3 7K S/ EAEH B HERHE
e H SE B R 2 A o IR SRR AR A E R
(Southgate, 2008) ; {H &7k i oSS A G EGHE
ARRGH0 - BRI FRE ST - /AT HRTH SRS R
HEIE 2 2R e Bl S5 i ARl - R
TR AHER - VT TR SRR AL
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Fig. 8 Total ammonia-N and nitrite-N of carriage water for ocellaris clownfish in simulated transportation under

different temperatures and time periods.

B A& K B LR 5 BRI A7 o A e oy
AER - AR E R B R R 251K -

T BFBE M KREY) - 2 DIER e
o & 24 T T Rkl - KIS BRI /KB e
> BB AR AR B - A ~ Ry BRIy
TETEARRE (Teo etal., 1989; Cole et al., 1999; Ferraz
and Araujo, 1999) - 1%} 2009 4£ 3 H % 2010 & 7
IEENGIE S 1WA EYIN i g X RN Y N
o BEESOKIGEE 2 IR AR/ R T - b
ENfe e 2 K E f SRR T 24.1 +
0.8 psu « EEEEFRH - AIFEEICH BRI - 6
e S8 g e B B - DAFIIRHEEE ~ £254
EEESF (Morgan and Iwama, 1996; Sampaio
and Bianchini, 2002) » H ECHEH] DUR: E B R 7K S
5 Bl e e i A < BB R - KRR pH
ESTH 8.2 ~ 8.5 HIANVATA L AR RIT#EE
REJJ 5 (I MTERRF Sk EE pH EHAR 7.14 +
0.24» SRR R 2 < Ak B EE TR
S EKBERRE - S B8 R A = T AR A
ST A YRR ESE -

e % DIA 2P 2Lk (Randall and
Wright, 1987) » MAEEHERERHE M R A H 1
Yy o OB IREI AR ~ R B AR R 2R

(Meade, 1985; Porter et al., 1987; Handy and
Poxton, 1993) - {E Rl s BPAMSSIREE T » £F
R AR ARY LG FE R E
(Cole et al.,, 1999; Hettiarachchi and Senadheera,
1999; Schmidt and Kunzmann, 2005) - $f¥ai 2k
HEHETT & BB YR B 0 AT o0 AT - S R R i
(NH,") BERFZHERE (NHs) ZHHA-FRARRE -
B Fa RS K/ )N ~ dlEIRE R B I 5 52 TEAHR - i B e
BRIk R E S tHER  nE e & R B DB
% (HE BEERRZEREES 12.10 ~ 19.58
ppb » KILFEMEIR A BLA A Vg B A AR
2.76 ~ 12.29 ppm Z HEZ - F IR BHEE o HLiGH I
HEILEEAERE - AR E-FAIRE L EVIE
A5 BURINERERE T A -FIRE 2 > 7]
RERIC Ry B PH A R Rl o« 1 RN R 3L
B R Ry 2 TR AN [ AR 1 8 R R B 32 M 2 42
IR LB AE A S T AR IS B A 07 - SR Y B
TG B SRR R, - DUFRH R B ol 328 e e
JER -

iRt - RRBEMKREYE SR
TR SR BRE SR e R
KA EA GRS - RN E B s Ak E
BIHHS - AR - AR EAREE



MK Sl AU A B AR R 65

80.0

70.0 -

60.0 | 030 ml/g carriage water volume

B40 ml/g carriage water volume
E60 ml/g carriage water volume
W80 ml/g carriage water volume

50.0

40.0 |

30.0 | = m R R

Accumulated Mortality (%)

20.0

10.0 H
0.0 :

o

0 12 24 48 60 72

DA0O DAl DA2 DA3 DA4 DA5 DA6 DA7

Time Periods

Fig. 9 Accumulated mortality of ocellaris clownfish in simulated transportation for different carriage water volume
in package (0-72 hrs) and stocked in open circulating system (0-7 days).

A 3& B A [F] A2 BE Y B & (Beran et al., 2006;
Rehulka et al., 2006; Jeong et al., 2008; Koyuncu,
2009) © [KIIEEET S REETE M /K G A W) S i T i
T A - R i AR/ KBRS R LA A R
JiCER B B RN - R TR R P
2% Bl I 2 A AR R SR - HAP B EAY)
BERI i < R ~ BB H AT - £ 045
um JEEEER - HEOKEE TR N T BN
BRI AEE 100 ~ 10° cfwml K 10* ~ 10°
cfu/ml » HINEAEFIESEEE &2 0.00 ~ 9.26% ;
DARe 3 TR 5 5 40 A A E 20 Bl B AR LA Vibrio
alginolyticus~ V. fluvialis~ V. splendidus~ V. tubiashii
J Vibrio spp. By - HAR@EEslE - Wil EEL
PUsel BB &K ARV MR B G AL ik (Lee,
1995; Lee et al.,, 1996; Balebona et al., 1998;
Gatesoupe et al., 1999; Liu et al., 2001) - FffZeH5E R
HUR - RrE MR TTBE B E KRBV B L
ST R EE SN - [FIRFHER B A SR E R
BB fEE o [RIHLR AR 5T 3 2 B A B A S R il
B o FESHER E IR TR -

7RISR i ek B TR 15 K R A W A
BEAGHITEEE - FrlHEEE Kk & H PR #lE
s b W S kg BE A B IR K
(Southgate, 2008; Gomes et al., 2009; Kilgore et al.,

2009) = AFFEAN TR AR BRIIRBRRZE A -
DAAS ] 30 5 B Bl A P /K e i . oy » 3
TEFREN RIS N AR R
18 “CARIR B v A AR A FAHEER - (HAE
48 h 2 BRI SRHIE LR UL =i 27%5 1M 22 k2 26 C
R RIS 522 C #H48h
(ISEL SRR 6.35% » BURNEEERE T 22 ~ 26
C Rk VM B . HEEREE - R EEA R
HERE N IR 731 26 ~ 30 Bz 34 psu
JEFIEE » R PR B R RN - FR B 48 h BRAEIE T
SRIEIAREAZSE - Hirh 30 psu L HER-BRRGHER
B2 26 J 34 psu REHHHAR S - BEURLURF ERRRE /K HE
EITHERE - BRATHER AR ST 0 WA
TRAREY) < RRHRE - FELE R 2 B Iy
fi] -

BB K IGRA Y4 e B E R ER R
AR S ERY R E bl - T DABEPRALSE K
R z2s# Ryt - AEAHBAS A HEE (Teo
et al., 1989; Cole et al., 1999) » {EAEHL I EE 7Y
BT 5. W BE PR R B ECE IR ] - RIS 2
T 30 ~ 72 h - HEEKR/KETGS - BEEREE
B S R B A AT SRR SERH R R
(Lim et al., 2003; Rubec and Cruz, 2005; Wohr et al.,
2005) - $H¥ HBIRINE T RiT < ARSI S fotE
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Status on the Shipment of Marine Ornamental Fish and
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ABSTRACT

The packaging status of imported marine ornamental fish was investigated from March 2009 to July 2010.
The method of the importation of marine ornamental fish was by way of sealed packing and long distance air
transport. Markets showed a species-specific preference and the dominant species were damselfish and
anemonefish (genus Amphiprion). Water quality and volume of the package were closely related with fish
survival. Accumulated mortality on arrival and after 10 days stocking in closed circulating system were 5.0 ~
16.0% and 10.0 ~ 60.0%, respectively. Total ammonia concentration is the major constraint on the long distance
transportation. To reduce the use of water volume, temperature and salinity were used to measure metabolic rate
in the trials of package technical improvement. Under the condition of temperature of 22 ~ 26 ‘C and salinity of
30 psu, Ocellaris clownfish, Amphiprion ocellaris (0.28 = 0.20 g TBW) in the water volume of 40 ml/g can have
90% and 85% survival rate after 48 hrs packed and 7-day stocked, respectively.
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