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Effects of water temperature and body weight on metabolic rates of Yellowtail

clownfish Amphiprion clarkii (Pisces: Perciformes) during larval development
YE Le'?, YANG Shengyun®, LIU Min®, ZHU Xiaoming™ ", WANG Yu'

1 Tropical Fisheries Research and Development Center, South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Sanya,
572018, China
2 College of Ocean and Earth Sciences ,Xiamen University, Xiamen, 361005 China

Abstract: The clownfishes, or sea anemonefishes, of the genus Amphiprion and Premnas with approximately 30 species,
belong to the Subfamily Amphiprioninae, the Family Pomacentridae. Many clownfishes are popular in the tropical marine
ornamental fish trade. In recent years, the clownfishes remain the Ranking One in the trade based on the estimated annual
amount of individuals sold. Hatchery-based larviculture and grow-out of clownfishes have been developed in several
countries. In China, at least six species can be hatchery-produced and grown up to marketable sizes of 3—5 cm total
length, including Yellowtail clownfish A. clarkii, Tomato clownfish A. frenatus, Orange clownfish A. percula, Pink Skunk
Clownfish A. perideraion, Saddleback clownfish A. polymnus and Maroon Clownfish P. biaculeatus.

Metabolic rate indicates the efficiency of food and energy intake, conversion and allocation, and is influenced by fish
body condition and environmental factors. Respiration and excretion are the two main components of metabolism.
Respiration rate can be calculated through the measurement of total oxygen consumption, and excretion rate can be

calculated through the measurement of total ammonia nitrogen excretion. Based on the oxygen/nitrogen ratio, the energy
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sources that fish utilized mainly for somatic growth can be determined.

This study was conducted to investigate the effects of water temperature and body weight on respiration and excretion of
Yellowtail clownfish Amphiprion clarkii during its larval development from newly-hatched to the complement of
metamorphosis. Larvae were reared at three water temperatures of 23, 26 and 29 °C in captivity. Individual respiration rate
(R;, ng O, ind" h™) and individual total ammonia nitrogen excretion rate (Ey, npg N ind™ h™) of A. clarkii were
measured, respectively. The results showed that R, and E, increased with body weight (W, mg) as a power function of
R = aW" at all three water temperatures. The b-values were 0. 8873, 0.9033 and 0. 9323 for R,,, and 0.7625, 0. 8012 and
0. 8278 for E, at 23, 26 and 29 °C, respectively. R; and E at 29 °C were significantly higher than those at 23 and 26 °C
(P<0.01). Multiple regression analyses showed the variability in the integrated effects of temperature (T, °C) and W on
R,and E,: R,= 0.042W**xe" " and E, = 0.002W"" xe"'*". At the same water temperature, both respiration rate
per body weight (R,,’, wg O, mg™ h™") and total ammonia nitrogen excretion rate per body weight (E,’, pg Nmg™' h™) in
larvae of A. clarkii decreased with the increase of W. With the increase of water temperature, R, and E;’ increased. R;’
and E," at 29 °C were significantly higher than those at 23 and 26 °C (P<0.05). The oxygen/nitrogen ratios (O/N) in
larvae of A. clarkii were around 52-57 at all three water temperatures, and showed no difference ( P>0.05), indicating
that the main energy sources for larval development are protein, fat and carbohydrate. High temperature effects (Q,,) for
both respiration and excretion were found over the water temperature range of 23—26 °C, with 3. 70 and 4. 01,
respectively. Low @, for respiration was found at 26—29 °C with a value of 2.40, and low Q,, for excretion was found at
23—29 °C with a value of 2.5. This study reveals that the optimal water temperature for larval development of A. clarkii
lies between 26 and 29 °C.

Key Words: Amphiprion clarkii; body weight; larvae; respiration rate; routine nitrogen excretion rate; temperature
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KR 50% —100% . 15 L K b 75 e BH 1o LRI 5, St BEGER BE 456 7E 1000—2000 1x.

FFE T EUEERE R /N R RE 45 R S e |, MR fa vk R ek e s A . 274K 6 mm B, FFGRE N
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58 AR AN D fa (G st TR A 24940004 25,15 110 d' BT AR BE 23 CHRBELLAE S d e 1 UK ,26 CHi 4
3d M 1 UR,29 CHREAS 2 dWE 1K, BN R4 IG5 WK, 258 SRR 24 A~k E
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¢ IHB) 5 B R EIRE (neN/L) 58, AN IR ARIE 2R B0 ( Sy TR IR S5 Sy, HED sV R RL(L) ;W
R AT (mg) s R SEERI ]
Q, M5,
Q,,=[R,/R, """
KR, R, M BUAIRIE T, T, BHAIEICR i HER %

R1 TREBETERNREFERGREEHTR

Table 1 Larvae of Amphiprion clarkii reared at 23, 26 and 29°C for metabolic trials on respiration and total ammonia nitrogen excretion

L i ESS P i it St R
Temperature Day post hatch Total length Body weight Number of fish Total number of
/C /d /mm /mg in chamber fish for trails
23 1 3.80+0.02 0.75+0.02 20 120
6 5.07+0.05 1.42+0.03 15 90
11 6.09+0.09 3.02+0.09 10 60
16 7.65+0.17 6.94+0. 11 5 30
21 8.87+0.19 12.34+0.32 3 18
26 10.80+0.29 20.10+0. 68 1 6
26 1 3.79+0.02 0.77+0.02 20 120
4 5.03+0.05 1.33+0.04 15 90
7 6.14+0.05 2.55+0.06 10 60
10 7.46+0.09 6.95+0.23 5 30
13 8.68+0.16 11.15+0.48 3 18
16 10.21+0.26 18.63+0.50 1 6
29 1 3.81+0.03 0.75+0.03 20 120
3 4.89+0.03 1.28+0.03 15 90
5 5.92+0.11 2.48+0.04 10 60
7 7.04+0. 14 6.39+0. 19 5 30
9 8.49+0.11 10.24+0.26 3 18
11 9.73+0.19 16.70+0. 41 1 6

SEHREAE T Excel F1 SPSS13. 0 BRFACEE, SRR AE B8 3R 07 22 70 B (ANOVA) LM A W35 22 5+
FEA/E Duncan's ZH L, P< 0.05 R EF BE,P<0.001 EnEZEFWBE. BIASH ARG R
SPSS13. 0 #AF#EA T, il KR H Excel #1F,

2 LIGHER
2.1 AN[EREE T 5E RS A1 A K i 2

AR BEAAET (23,26 129 C) s RR AT B Br 2 K B IMA MK A5 S Ly =aX+0 £52X, X L,
R X A HEY a,b HEE RER o (BRSBTS MR, 23 .26 A1 29 CA4M4ET a fH537124 0. 2740
0.4274 F10.5926 (1), £ WLEE AT, 5o FOBUR (A7 £ B B /R B 2 IR EOE K  F5 B W = e B, Hip
W RRE X N H & a,b AHE R, MERE T, b [HiZH8 K ,23,26 F129 C 40T b H5 514 0. 1358,
0.2221 F10.3244(E 2) .,

2.2 IR ERIVA TR X6 o FG XU £ A1 £ PP I 3R HE 2R A 52 1

LSBT, AR AN A7 0 H R SRR R 5 0 (R S pR AROC R BRIV A B R AR DR R
HEIMAHC KR TFE R = oW’ B3 IRE AR E0 (b () Bl IR B T i3 K, 23 .26 F1 29 C 44 F b EH 4518
0. 8873 .0.9033 F10. 9323 ; AKX o (B BEWRLE T = I HG K, 7 H3 g BE 44 b (6K ,23 .26 11 29 °C 264 435
70.6842 1. 0188 F1 1.3011 (& 3) il B FIAA X o XU A A1 £ AR I 6 1 s g o] R & et A X
%%ZT?:
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Ro= 0.042( 0. 007 ) W$9(:0.02) 5 0-122(:0.005) 7
(n=108, r*=0.977, P<0.001)
BB FIME (£SE) R, BRI (g0, > 'h ™), W OIAE (mg) , T ATREE(C)

4 e 23ec

0 26°C
A 29°C

—
(3]
T

4K Total length/mm
o o« o

N B

0 1 1 J
0 10 20 30

H i Day post hatch/d

1 AEEBREFHTERIEEEKERRNXRE

Fig.1 The relationship of total length (L;, mm) and age (X,
days post-hatch ) of larval Amphiprion clarkii reared at 23, 26
and 29°C

[R5 724 :23°C Ly= 0.2740X+3.3471 ,n=36,r2 = 0.9676,F(5,
30)=242.63,P<0.001;26°C L, = 0.4274X+3.2932,n=36,r* =
0.9791,F (5, 30) = 312. 61, P<0. 001;29C L, = 0. 5926X +

3.0876,n=36,*= 0.9803,F(5, 30)=367.56,P<0.001

25 -

& 23°C

{KH Body weight/mg

30
H #% Day post hatch/d

2 AEBEZGHTERIFELFESHRNXR

Fig.2 The relationship of body weight ( W, mg) and age (X,
days post-hatch) of larval Amphiprion clarkii reared at 23, 26 and
29 C

[ FE R :23C W = 6708e% 138X n=36 2= 0.9908,F(5, 30)
=584.81,P<0.001;26°C W = 0.5957¢"%2'X n=36,r*= 0.9852,
F(5,30)=542.59,P<0.001;29°C W = 0.5287¢e" %Y n=36,%=
0.9861,F(5, 30)=854.47,P<0.001

PR A7 H AR AR S A SR pRBOC 2R | BRI e A HR B R AR, LR AR G G
RAAE R = aW B IR EE (b (8) BEIREE THm MY, 23 .26 A1 29 CZ&AF T b {H5M0120 0. 7625 0. 8012
0. 8278 5 R KX a et Bl I B T i g 384 A, iy EL 3 I e B2 A o K, 23,26 1 29 °C 25 F R 20l 0. 0363
0.0487 1 0.0608 (&1 4) . il & FIATE P R] 11 % o UG A f HE R R 2 i m] A2 3 b 8 3o

25

+23°C

026C R
20 - A29°C A

I
Respiration rate/(pg O, 1~""h™")

{K T Body weight/mg

3 ARABRE&HTERUREFEFHNMMETFERESHEKE
XF

Fig.3 The relationship of mean routine respiration rate per
individual (R, pgO, ind”'h™') and body weight (W, mg) for
larvae of Amphiprion clarkii reared at 23, 26 and 29 °C

[ 7R 500 .23 °C Ry = 0.6842W0-357 12 = 0.9788 ,F(5, 30)
=82.96,P<0.001;26 C R,= 1.0188W**3 ;2= 0.9814,F (5,
30)=179.08,P<0.001;29 °C Ry = 1.3011W"*% ;2= 0.9870,F
(5, 30)=1234.61,P<0.05

09 -
08 | ¢23°C N
07 L D26°C
0.6
0.5
0.4
03
02
0.1
0

A 29°C

HigA
N excretion rate/(ug N-4~""-h™)

{ATH Body weight/mg

B4 FRBESHTERNESFETHMGHEESHE
%%

Fig.4 The relationship of mean routine total ammonia nitrogen
excretion rate per individual ( E;, pgN ind. 'h™') and body
weight (W, mg) for larvae of Amphiprion clarkii reared at 23, 26
and 29 °C

[FE 5 #2404 123 °C Ep = 0.0363W" 7% 2= 0.9712,F(5, 30)
=59.33,P<0.001;26 C E,= 0.0487W*%12 ;2= 0,9474 F(5,
30)=100.63,P<0.001;29 °C E,= 0.0608W"%™ ;2= 0.9734,F
(5, 30)=100.27,P<0.001
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Ex=0.002(£0.000) W ™700-022) 5 130000 T
(n=108, r*=0.945, P<0.001)
At B P (£SE) B FAEHFER (ngN Ah) W R IR (mg) , T IREE(C)

TN EE A AF T, 5 FOUUHR fa A1 AR TN RSB RS TR (1 5, 18 6) o 72 58 FRODURG £
AP, LA R B bR AP (F(2,105) = 139.56, P<0.001) FIHFER (F(2,105)= 34.38,
P<0.001 ) LB i BETH g M, 210 22 530 (3 2) o R A A0 JB) v FROUUHE 60 S R0 EL O/ N) B B2 T3
TS A G K (HA B e 22 5%, R IR X A B35 (F(2,105)=1.34, P>0.05) (£2), M&HERET,
PR RIHFECR Q0 P RERDES (R 3)

~ 18 T 009 -
= $23°C D2E"C A BC 7, 0.08 A #23°C 026°C A29°C
% g
& %5 0.07
<) & e 0.06
§§ {M%‘tz 0.05
2 % £ 004
5 B2 003
23 . 8
ki S 0.02
= o
Z 0 AR
o~ [ 0 1 1 1 1 J
%0 g 110 1; 26 23 0 5 10 15 20 25
A #EBody weight/mg A Body weight/mg
Es5 AREEEUTERNEGFaLGETRESHELE Eo6 AREBEXGHTERIUEEFELFEHSESHEXR

Fig.5 The relationship of mean routine respiration rate per Fig.6 The relationship of mean routine total ammonia nitrogen

weight unit and body weight for larvae of Amphiprion clarkii excretion rate per weight unit and body weight for larvae of

reared at 23. 26 and 29 °C Amphiprion clarkii reared at 23, 26 and 29 °C
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Table 2 Respiration rate, total ammonia nitrogen excretion rate and O/N ratio of larval Amphiprion clarkii reared at 23, 26 and 29 °C

B R &S HEE R i
4 - S , AL
Temperature Body weight Respiration rate Total ammonia nitrogen excretion rate .
-1y-1 1y -1 O/N ratio
/C /mg /(pg0, mg h™) /(pgN mg—h™)
23 0.7—22.9 0.594+0. 020" 0.027+0.001* 52.77+1.88"
26 0.7—20.8 0.907+0.027" 0.039+0.002" 56.70+2.39*
29 0.6—18.0 1.203+0. 029°¢ 0.050=+0.002°¢ 57.04+1.83"

[ R LA AN [R5 2 A S g 4 1] 2 57 (8 3% (P<0. 05)
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Table 3 Q,, values of routine respiration (O, consumption) and total ammonia nitrogen excretion of larval Amphiprion clarkii reared at 23, 26

and 29 °C

ey (ENE Quo
Temperature /' C Body weight / mg W Respiration HEME Excretion
23—26 0.7—22.9 3.70 4.01
26—29 0.7—20.8 2.40 2.83
23—29 0.6—18.0 2.74 2.50
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