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Fig. 1 Schematic diagram of the recirculating aquacul-

ture system
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Fig.2 Schematic diagram of the position for body color

determination
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Fig. 3 Comparation on survival rate, weight and length
of white angelfish juvenile under different diets
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Different capital letter (ABC) indicates significant differ-

ence among groups. The same as following figures.



553 4 22 Eh A TARLZH A AR RO A ) o A AR € R S L 357
a 1000 x1 AEAREERRT BHL& L& FRTERREIH
B HFEEL
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Fig.4 Comparation on weight gain rate (WGR) and
specific growth rate (SGR) of white angelfish juvenile

under different

23 (EfFEENLEER ARERHAGRRNE
A1l 0 ) £ PR R AN [F) AL B R AE A B A —
R AR A LT TR, RPN EE b > 55 S
%> JaI R IRl o 7 T, 2 BN 25 )5 % >
JEER R e > J5 1, FLEE 56 )5 % o N IEAE, 1M IR
g S O B AR R AE OO T RN S
HHE > 5 5% > I RGED . ghffgEedh
P LEAE78.0 ~ 82.7TJE I N , @ {HAE-1.7 ~ 1.3 2
[B) 5 8 55 J5 2 L E Y8 N 65.0 ~ 70.7, 0’ {9 1.0 ~
2.1 J5 B L E VI N 50.7 ~ 54.0, L E Al o” N
-3.7~=2.0,

AN [ e L 45 R T S ) A 1L £ 4
AR R A B AR b AR A (P < 0.05) 5 T B AL L
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Note: Different capital letters indicate significant differ-

ence of same body position and color parameter from different
groups. Different lowercase letters indicate significant differ-
ence of same color parameter of different body position under

the same group.
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R LR AT FTAHRL, BTk A 3 M R U7 sy Ay
fdE A7 05 F2 0% 82% LA b, HLGICRIURE ()RR 1 H G 9
B AL PR PITARA7 IS FEAH N B e (> 90%) .

TE HARIAEL T, Al f8 2 DAY B b R AR 5l
Y A R AR AR Sy T, SR R TR
550 VE R VR 5 PR AT 5 AL R B SR AR AR
FE—EREE AT DR s HAE Kk e . B AR5
(IR 9T 45 S S s v AN C & )RR A 5y 2T
5 = 18 1R A (Coreius guichenoti) %) 8.1 A=
KAERE s WIS = S R RIE 50 45 SR 3R R AL R AR
(Gymnocypris potanini) 30~70 dph [ 77 58 i3 72
5 SR 7K i | AN ARCRE T b VR 5 4 MR T S AR AR R
TORL LA R} AT . 35 2 Al i AE e AR G A
IR AIT FE A o HL TG A 5 TURURL ) R 18
FH MR PTG 2800 v 1 A AL £ ) 2 KPR RS 3 AT
RETS 2 T o HRIE T g R b & R T F Al s 4h
Az B T DT R % R e R A S AE TURIURL TR 5
fhas FE Al b A 15 4h AT 3K 15 5 4 iH K E IR Ab
grtol, peAh, ARSI R LS Aok TRDRL b g e
o BT SRR R BOR B ZE T ) R TE 11 %)
5 WOBURL R BHE & 5O LR S BRitig ok
TR P ORI S BR AE R OG T 22 M B A
FRRH SR 5 45 SR B — B, HLR BRI AT REAE T ik
B AH 5515 e TR B KA, S AL R £ %) 0 A KR
555 DA T S350 4 PR A3 AN A T ARCRBDASE B s U
S5 WS T A AR W, HLRE K 5 A 45 AR X
KGF o
32 3MIAREEN A& & KRB RN
Me  H AR K A G S P A E R AR ST I, 2
72 [ Gt RAR (L HEAT TF R 1, K 77 S W s b 2
T8 B 50 K it 5T R A ) A AR A 2 — %
TEMEMEN S, ARG KA
DR K B 0 AR K 2 B S W T A0 2%
WECK. X TEMIN S, KA O E R EEL
PR Z —, 2 T PR 0 5 £ 00 5 4 {1 i R
REMEERMEZ —. BN B2
A 1 H 20 R R REAE A AT 5T 45 SR ]

4y AR AN [ AL R AL B A7 AR 22 7 5 VB i
I 0 380 S 0 5 T — o DA 20 3 s % L T € IR
H R S, 12T 5RT BE i AR AN [F] AL B Bk
FE 0 R A0 M o3 A e R DR BE ) B AR 2
gl

i AR G AR S B AR R A AR AL A
RA RS R SR O, Heh e H ATl
e E A R R BN T FBe —0, fEfagi
Vs IR e 38 T A RS N AR BE A T A 58 B 3
1, (Pelteobagrus fulvidraco @ XPelteobaggrus vachelli &)
A (01207 AP AR N A 3R A A 1 B G (Amphi-
lophus citrinellusxParaneetroplus synspilus) [ 4 £ 5
2150 21 (1 87 88 (Cyprinus carpio var. koi) 1A &} H s
I — g B U T 3R A] R AR (AR 15 B N feE e
AW TGS R 5 o BTG Bl A VR ORIURE L
PR 23 52 ey PR R ) £ R R I 3 A L X
A RESE R B R A A TR A S e — E R AEY)
CRBA OMETTER , TR LT R 40 i
KB KR RR O RTTRE

4 %

TUCRUAE P RL A B HUE 5 4l AR 2 45 BRI A5 A7
7 ZE AN e e (> 90%) » HASH i HUIE 7 444 5 13k
TIURELAADARHE #5 $ MR 10 13 e Al £ 0y £ A KPR REAE T
BBy R ) ST A AR A O R AR G T
BT TG 4 A TR A ARORIORL PR 40 2 B v A Al
0 Ayt PR R 1) 3 AL

B3Rk

[1] ORTEGA-SALAS A A, CORTES G I, REYES-
BUSTAMANTE H. Fecundity, growth, and survival of the
angelfish Pterophyllum scalare (Perciformes: Cichlidae)
under laboratory conditions [J]. Revista de Biologia Tropi-
cal, 2009, 57(3): 741-747.

(2] B, B, 107, 5 PR E RHELERKENE
FRVREE (1], SHWVE IR 4R, 2014, 26(4): 843-851.

[3] LIU B, ZHU X, LEI W, et al. Effects of different weaning
strategies on survival and growth in Chinese longsnout cat-
fish (Leiocassis longirostris Giinther) larvae [J]. Aquacul-
ture, 2012, 364: 13—-18.

[4] LACZYNSKA B, SIDDIQUE M A M, ZIOMEK E, et al.
Early weaning effects on survival, growth, and histopathol-
ogy of larval sterlet Acipenser ruthenus [J]. North American

Journal of Aquaculture, 2020, 82(2): 181-189.



%3 M

LA GRS BRROGS FAPAL 4lR AER A  E fR SE EL A 359

[5] KOVEN W, GISBERT E, MEIRI-ASHKENAZI 1, et al.
The effect of weaning diet type on grey mullet (Mugil
cephalus) juvenile performance during the trophic shift
from carnivory to omnivory [J]. Aquaculture, 2020, 518:
734-848.

(6] &FHEAR, B8, 5, 55 . A [ B AP Rbur (8 101 4 £2.4)
A S A7 I S A A (7). 7K R BE, 2020, 41(4):
32-36.

(7] Zysdtte, FRAEYE, XUAHE, 55 . F frAIIBC A HRO R AR f1
A £ A AR AL RE T 52 [J]. K77 224, 2016, 40
(2): 225-235.

[8] RYAN S G, SMITH B K, COLLINS R O, et al. Evaluation
of weaning strategies for intensively reared Australian
freshwater fish, Murray cod, Maccullochella peelii peelii
[J]. Journal of the World Aquaculture Society, 2007, 38(4):
527-535.

[9] KRUGER D P, BRITZ P J, SALES J. Influence of varying
dietary protein content at three lipid concentrations on
growth characteristics of juvenile swordtails (Xiphophorus
helleri Heckel 1848) [J]. Aquarium Sciences and Conser-
vation, 2001, 3: 275-280.

[10] MATTOS D C, MANHAES J V A, CARDOSO L D, et al.
Influence of garlic extract on larval performance and sur-
vival of juvenile angelfish Pterophyllum scalare during
transport [J]. Brazilian Journal of Biology, 2021, 83.

[11] MENESES J O, DA SILVA1C A, DA CUNHA A F S, et
al. Efficacy of Terminalia catappa-AgINP nanocomposite
towards Saprolegnia parasitica infection in angelfish
(Pterophyllum scalare) eggs [J]. Aquaculture, 2021, 543:
736-914.

[12] NOLETO-FILHO E M, PENNINO M G, GAUY A C D S,
et al. The Bias of combining variables on fish” s aggressive
behavior studies [J]. Behavioural Processes, 2019, 164:
65-717.

[13] CHAKRABORTY S K, SINGH D S, KUMBHAR B K.
Influence of extrusion conditions on the colour of millet-
legume extrudates using digital imagery [J]. Trish Jour-
nal of Agricultural and Food Research, 2014, 53(1):
65-74.

[14] FLof, TRATH, JEE, 55 . JF DEDRERHTHE fokH OC 42 21
Semas SO R (D], R E AR 2017(13): 42-45.

[15] LUZ R K, PORTELLA M C. Freqiiéncia alimentar na lar-
vicultura do trairdio (Hoplias lacerdae) [J]. Revista brasileira
de Zootecnia, 2005, 34(5): 1442-1448.

[16] CELADA J D, AGUILERA A, CARRAL J M, et al. Rearing

tench (Tinca tinca L.) larvae on live feed (Artemia) and on

two transition schedules from live to dry diets [J]. Journal of

Applied Ichthyology, 2008, 24(5): 595-600.

[17] PANNEVIS M C, EARLE K E. Nutrition of ornamental
fish: water soluble vitamin leaching and growth of Para-
cheirodon innesi |J]. The Journal of nutrition, 1994, 124:
26335-2635S.

(18] W=z, &FHEAK, T 55, 55 . AN [F) % £ SREME X A 5 R 6
FFAE AR AR A R AFIE B2 2 T (D). B 5 40l 2018, 12
(35): 117-119.

[19] VELASCO-SANTAMARIA Y, CORREDOR-SANTAMARIA
W. Nutritional requirements of freshwater ornamental
fish: a review [J]. Revista MVZ Cérdoba, 2011, 16(2):
2458-2469.

[20] BRI . ke JE aDREE R0 f R ORE & o 9 A 1K
56 (3. K775, 2020, 41(8): 34-36.

[21] & E0R, BRE K, £, 55 THMRERRYIREE
2 A )y RO BT FE (0], AR AR 2 4, 2020, 35
(3): 254-259.

[22] & JLIE, SRk, FEMRIVE, 45 . YL X 2 500 £ 37 G 3 it
AP EYFEHA [J]. K7 FRFH, 2013, 34(3): 23-25.

(23] SRHRVE . PRL PR IR 3. B3R A5 4 MO B0 2R
BRBERAEK Ot (D). Lig: L
IR, 2017,

[24] % ¥ 3C . kL8 37 52 K 3% £ (Pseudosciaena crocea
ROBEHKIYILHITT [D]. 35 &: b E#EE R, 2012,

[25] GOMES E, DIAS J, SILVA P, et al. Utilization of natural
and synthetic sources of carotenoids in the skin pigmen-
tation of gilthead seabream (Sparus aurata) [J]. European
Food Research and Technology, 2002, 214(4): 287-293.

[26] ¥l 7, 2 /Nl . K= S t it STt g (0], 7K™
“FA4%, 2006, 30(1): 138-143.

[27] NAKAMURA K, IIDA H. Relationship between albinism
and riboflavin amount in flounder Paralichthys olivaceus
[J1. Nippon Suisan Gakkaishi, 1986, 52(7): 1275-1279.

(28] xil<gifg, E2H, EL4EGR, 55 . K-Skt R H )
Lo A 5wt 9k e (). 3 W o 2k 56 2002, 37(3):
92-96.

[29] 22, x| 52 B, ARENG, 45 A} o 75 im A58 e 58 Al - 2
RAT AT P BE A At e A 1
() LE B BIE T2 [J]. K A2 2R W) 27 4, 2021, 45(5): 1024~
1033.

[30] LI M, RAHMAN M M, WU B, et al. Effects of dietary
canthaxanthin on growth and body colour of blood par-
rot cichlid Amphilophus citrinellus X Paraneetroplus syn-
spilus [J]. Aquaculture International, 2017, 25(2):
705-713.

[31] LIANG Y J, BAI D Q, YANG G, et al. Effect of astacin
on growth and color formation of juvenile Red—White
ornamental carp (Cyprinus carpio var. koi L) [J]. Israeli
Journal of Aquaculture-Bamidgeh, 2012, 64.



360 Ao B W 2 ik 2024 4F

Effects of different diets on the growth and skin color of
white angelfish (Pterophyllum scalare) fry

LAN Shuaiqin'’, LI Dongling"*, CHEN Yu"*, MAO Jing"*, YIN Ze'*,
VASQUEZ HerbertEly'***, YU Feng', ZHENG Xing"***, GU Zhifeng'***

(1. School of Marine Biology and Aquaculture, Hainan University, Haikou, Hainan 570228; 2. Engineering research center of
Hainan Province for Freshwater fishery, Hainan University, Haikou, Hainan 570228; 3. Sanya Institute of Breeding and
Multiplication, Hainan University, Sanya, Hainan 572000; 4. Hainan Key Laboratory of Tropical Hydrobiological Technology,
Hainan University, Haikou, Hainan 570228)

Abstract: As one of the key techniques in fry fish rearing, feeding management affects survival, growth and
development of the fry. An attempt was made to analyze the effect of the feeding management on the growth and
body color change of the fry of white angelfish. The fry of white angelfish (Pterophyllum scalare) were fed with
three combinations of foods, including commercial microcapsule feed (M group), microcapsule feed with Artemia sp.
nauplii (MA group) and fishmeal feed with Artemia sp. nauplii (AF group). The survival, growth and body color of
the white angelfish fry fed with different food combinations were analyzed and compared. The results showed that
the survival rates in all the groups were more than 82%, where the MA group was significantly higher than the M
and AF groups (P < 0.05). The body weight, length, weight gain rate and specific growth rate were significantly
higher in the MA group than in the AF group (P < 0.05). The regularity was observed in the body color of different
body position in each group with the lightness(L*) being in the order of “abdomen > operculum > lower back”, the
red tonality (a*) being in the order of “operculum > abdomen > lower back” and the yellow hue (b*) in the order
of “lower back > abdomen > operculum”. Feeding Artemia sp. nauplii could affect the yellow hue (b*) of P.
scalare fry during rearing. The proper use of Artemia sp. nauplii to feed the white angelfish at the right stage of
fish rearing helps to improve the growth performance and enhance the ornamental character of the fish body color.
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