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B HEH =41.0%, HIEN =4.0%), G
J BB AR, iy EEARR . A iRk R
A7V TH B XK IFE SR SR, s
FTZE KM AR It (4.8 mx2.7 mx0.65 m) JEFF K R 40
HE IR 10 do ARSI T 1m0k K22 A e
LR ZE B b, LS5 A DA% T
TEPEAS ALY, I B R Al R 2 A 0 B 2
FEARTRZE 51 23 AL F 1 EE A T .
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FE AW AR it v 422 B8 3x4 5 R BEAILHES $5 2
SC IR o FEMRAR I T 4 AR BERAL, 43h
1 &/d(12: 00), 2 ¥K/d(6: 00 A1 18: 00), 3 ¥K/d
(6: 00, 12: 00 F1 18: 00) F1 4 ¥ /K (6: 00,
10: 00, 14: 00 1 18: 00), Zr%lic A F1. F2.
F3 F1 F4 2, R4 73 % & 34> 80 H M4 (0.8
mx0.8 mx0.8 m), FEA~FIFH LIRS 511 400 2
it B 2 R WRL L [ 2 (0.05+0.00) g, FR5H SC B
S 65d, WM H SRR &8, MR
AR ORI R T, AR Rl H B
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HE,

BRI T 4 AR ERAL, S B A R )
4%, 6%. 8% F1 10%, 4r%lic A P4, P6, P8 Fl
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BEL 3 ASIAR o R A e R s 34 o % R A
ARSI PR R — 3, FRA LI RRLE 65 d, )4
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PR, A SLER I AP R 32.9 °CL P34k
I 29.5°C, Af#4A.=4.0mg/L, pH7.0~7.6,

1.3 HARE

TEFRI BN 45 K (GF 1 R A0 e W e} 5¢ B A8
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FEBEALEL 18 H T 58 B A A e RHIsE (4 JFOE . Wi
H 2RI O S 1, B B AL 3 R 5 AR
A e WRHISL P B S N S AT ARG, A B
i 149 FH I 20 8 I A —80 °C B IR IR UK AR A8 AE
FEFAREHLE 3 2 58 1A 25 A i sk BT AIE 4 4
FH 2 B W, Hil/E HE Yt bl F o

1.4 FEREN K57
Ji7r 3 B 26 1 B (PR). IR W7 B (LPS). T 9 il

https://www.china-fishery.cn

(AMS). P2 1E W B2 i (ACP). Wl 'k % % i (AKP)
JFEIEA I H K (GSH) 355 6539 1 ) et
BUEMH ARSI, e LR s ikt . =
2R LW A B O VR X I A T ) AR o

TEASZ R T, PR IR S50 Xof A ek R is) A= <
KB . HIEEEE T . RS A T R
SO, R 22 TR A A AT 0 R R MR K- 51
5 v A e R LR A T 2 B ST
1.5 HEAR
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A ek MR 8L 2] T (average weight, AW, g//8 )=
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34 H R (weight gain rate, WGR, %)=(W,~W,)/
Wyx100%;

TG R (survival rate, SR, %)=N,/Ny*x100%;

TH B} & %X (feed conversation rate, FCR, g/g)=
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PR P YER R (mean+SE) 5 .

2 g
21 RIS SR IRK T R A R R
AEFHE TR TSGR RHAE S0

2 G RS S [6] FF JE  BBA 25 0%  5 MET

T KPR 25 3246 sponsored by China Society of Fisheries



AR, 2

K772 2E4R, 2023, 47(10): 109607

KARMRFRBI N IEAOG . BEMUIR F3 . F4 414
BRLISLZESS 51 K. 58 K. 65 KAY R AR
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Bl 1 RIRIIE (a) SIRARKTF (b) X FEEMRE TSRS
Fl. F2. F3 Ml F4 23 52 7 iph b 48 H #5081 7% (12: 00). 2 7% (6: 00 AT 18: 00). 3 ¥X (6: 00, 12: 00 Al 18: 00) Al 4 X (6: 00, 10: 00,
14: 00 F1 18: 00); P4. P6. P8 Fil P10 K /<t H M43 JI AR 4% 6% 8% I 10%; A [FI/NE G BEEL IR 2 5 % (P<0.05),
NEE
Fig. 1 Effects of feeding frequency (a) and feeding level (b) on metamorphosis rate of tadpoles
F1, F2, F3 and F4 mean that tadpoles are fed once a day (12: 00), twice a day (6: 00 and 18: 00), three times a day (6: 00, 12: 00 and 18: 00) and
four times a day (6: 00, 10: 00, 14: 00 and 18: 00), respectively. P4, P6, P8 and P10 indicated that the daily feeding levels of tadpoles were 4%, 6%,

8% and 10% of body weight, respectively. In the same row, values with different lowercase superscripts mean significant difference (P<0.05), The same

below.
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JEL 1 4 A B IR T2 58 1 A0 25 3 i B4 Bt 5 3 K
ST T 3 T (P<0.05)

2.2 IRIRSNER S IR AT A AR A KM RE
IEAD)

W& 1 FiR, F2. F3. F4 414K 58 A8 25 iR}
YESBEST FLA, H F3 4R 58S 254 i
WL L E S T F4 4 (P<0.05), MR E 58
AR A5 £ e R} ¥ FE O R S RS ) (P>0.05), N

R E K722 4 /8 sponsored by China Society of Fisheries

T2 WK, FAB BEAF de s 35 E 24 B 4 MR K O
F 34 = 2 BT (P<0.05).

W 3 PR, AT R NS 45 21 346 T R AT
R TC R W (P>0.05), (HAR S B0 LBt %5 4
H B s e 2 Lg%, F2. F3. F4 41l
Fm T F1 4 (P<0.05). N3 4 fis, #RIKF5E
55 P1O 4 A7 15 R B\ T H AR &4 (P<0.05);
BE T WRACT- R, PR RECE BT, P8
5 P10 HIHRE R 5 T P4 5 P6 41 (P<0.05);
FHAASHW LRSS LTHE TREEH, P65 P8
HIEBEE T P4 5 P10 4 (P<0.05).

23 IIRINER SRR F R B e LA R
B AT LR R 7S B2 MR

PR T Al A, ARSEEZAE T, SRR RS
B 58 AR 285 A4 e R L P 2 U A HE L
J )AL 5 3 A1 S 00 N PN I 5 R R
LA

Fi IR I AT AT, B R KF- T 2 P8

https://www.china-fishery.cn



K= 2247, 2023, 47(10): 109607

48

AR5, £

W P4 @8 P6 [ P8 [ PIO

Em Fl B F2 OE@F3 [3F4
* * *

[ 1 [

% *

%
N 1
M [l (|

Lyl 5 E /g
average weight of froglets
oW o

Sk g
average weight of froglets

Ju—
T

o

123 123 123 123 123 123 123 123
SR IR 93/ 8 U SR 93/ 8 U
sampling period sampling period
@ (b)
B2 BRIRSAE (a) SIRWAKT (b) M AEFRHAE TR ESF R ERF I
BEARKR 1. 20 3 2P BRI 1 H OF 45-51 ). AR RAH 2 4 (OF 52-58 K). AREREEH 3 4 (O 59-65 K)o i T P4 HLLERH
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Fig. 2 Effects of feeding frequency (a) and feeding level (b) on average body weight of tadpoles of
complete metamorphosis at three weeks

The horizontal coordinates 1, 2 and 3 represent the first week of metamorphosis sampling (day 45-51), the second week of metamorphosis sampling (day
52-58), and the third week of metamorphosis sampling (day 59-65), respectively. Since there was no non-metamorphosis (NM) in group P4 during the
first week of sampling, the difference in mean body weight between the second and third weeks of metamorphosis was calculated by t-test. Group P4 did
not participate in the comparison of metamorphosis mean weight of L. catesbeiana tadpoles among different treatment groups in the first week of

sampling. The average weight difference of tadpoles of complete metamorphosis in different periods of the same treatment group is represented by *.

R 1 RIRSAE I AR B AR
Tab.1 Effects of feeding frequency on average body

R 2 RIRKF R 4R Y B R R0
Tab.2 Effects of feeding level on average body

weight of tadpoles weight of tadpoles g
417 RIEBAR ST LSS YT 415 RIERAL I C5e A A
group  weight of unmetamorphosed tadpoles ~ weight of froglets group  weight of unmetamorphosed tadpoles ~ weight of froglets
F1 3.07+0.08" 2.78+0.09 P4 2.67+0.04 2.00+0.04"
be
F2 3.50+0.07 2.82+0.07 P6 3.73+0.09" 2.98+0.11°
F3 3.67+0.05° 2.94+0.05
P8 4.52+0.03¢ 3.61+0.11°
F4 3.35+0.07° 2.87+0.09
P10 4.82+0.11¢ 4.35+0.18°

e RGBS TR IR O o8 40 RN 1) 34 it G 8 o,
Lo U S H e F A B 5 a4 RIS I B, ) — BTN S
FRROR R EZES(P<0.05), T,

Notes: the mean weight of unmetamorphosis refers to the total mean
weight of all tadpoles except the tadpoles of complete metamorphosis,
while the mean weight of tadpoles of complete metamorphosis refers to
the total mean weight of all tadpoles with no tails. In the same row,
values with different lowercase superscripts mean significant difference
(P<0.05), the same below.

P10 ZH A, A A4 Hb g 5 ik JR1 FB A 40 it 1 ik 5 &
WZ, S e,
24 HIRSNESHRKES B TMRBASF R
WIAF. BAE R e B ERIE M RS2

P MR R B 5 B0 AR 25 A e 0} %) g 3 7 £k
il PR TG S S (P>0.05); Bl KT
JHREE BTG TR 2 A, P10 B ELT P44
(P<0.05)(F% 5, % 6).
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it | TR M R T BT PR A IO ORGP B
Wi (P>0.05), $MRIKF-28, C 584tk
RS %) i R W R T TE P10 ZH G M B (P<
0.05); P6. P8. P10 41 Ji%if FR ML R i 05 1 25 5+
AN (P>0.05), {HYEE ST P4 4 (P<0.05).
2.5 FARIK X H-hE AR R B B R AR A Y 2N

P8 5P10 41Chaol , Observed species. Shannon
5 Simpson #5403 1t % = T P4 41 (P<0.05)(F% 7).

FIKSP B, A e R gy 1 TR R HES T 3 A3
128 H fi M /N 2% 2 TR (Saccharibacteria, TM7).
L2 R 1] (Actinobacteria) 2 A% JE B ] (Proteobac-
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3 IRMRSMEE RS AL A K R AR
Tab. 3 Effects of feeding frequency on growth performance of tadpoles
415 B R% % THEH R KU (/) AR LL/(H/kg)
group WGR SR FCR MFR
F1 5811.27+167.78 75.00£3.06 1.31+0.03 181.1945.66"
F2 6 057.73£121.27 67.33+1.33 1.2640.03 224.12+8.17°
F3 6226.00+84.58 70.67+2.67 1.22+0.02 237.42+2.37°
F4 5968.37+117.06 70.67+1.33 1.28+0.03 247.90+10.10°
R4 RIRK X AR AR A O BE R B2
Tab. 4 Effects of feeding level on growth performance of tadpoles
27 /% TR % THE R H(g/g) AR /(R k)
group WGR SR FCR MFR
P4 4729.93£25.99" 61.33+0.65" 1.19+0.01° 176.30+6.07°
P6 6404.03£110.53° 63.33+0.87" 1.26+0.02* 217.20+2.82°
P8 7 522.77£173.55¢ 63.33+1.18" 1.40+0.03° 223.53+£2.26°
P10 8 872.70+293.86° 69.83+1.09° 1.46+0.05° 195.90+4.96"

: X5 Rl it 5 7 BT T R

ERR T $2RRSMEN B TS 4 R A AR SR (HE 2 8)
1. F14UFAED) A 1005 2. F2 4UAFIED) 5 100x; 3. F3 AUNFAEY) A 100x; 4. F4 4UFAE U1 A 100 5. F1 4UFAEY) A 400 6. F2 AURFAE D)
400x; 7. F3 4LAFAEYD )T 400%; 8. F4 4LAFAEY) ) 400 a.rfrdeififik, b.HF4i.

Plate [
1. Liver section of F1 group 100X; 2. Liver section of F2 group 100X; 3. Liver Section of F3 group 100X; 4. Liver section of F4 group 100X; 5. Liver

Effects of feeding frequency on liver morphology of tadpoles of complete metamorphosis (H.E)

section of F1 group 400X; 6. Liver section of F2 group 400X; 7. Liver section of F3 group 400X; 8. Liver section of F4 group 400X; a. central veins (The
veins in the center of the hepatic lobule are surrounded by radial liver cells, which are important vessels for the exchange of substances between the liver

and other organs); b. hepatocyte.

teria), /i 60% LI (E3) . TM7 A 3 318
Xof B RV 5 RO I TR R N R, P6
M, 2 P10 AARXT B K, A T TAXT
FEEEALE P10 5 P4 4P AT E K, 1T P6 44
SEERM; SATEREITEEZS AR, 18
KAV L, W IE A F Al v A R 48 R R (Caldilinea) |
IIEFT R E (Mycobacterium) . 350 2 W )& (Akker-

31 BIRSRER RN TS A BRESERF
B R HOR

7 AR 25 25 R ST o ) TS
i AEAR SR FHEIR 3 K2 i
P T RE AR S EE R, IR, &

mansia) FEGFT 3 J& (Cetobacterium)., W7 MK
TR TR, BRAE PR A XS E RS I, 7E P10 4
KRB ERAH ;. P6 ZH 40 BOFT T i AR X =F BEAIR T HAth
34H; P6. P8 5 P10 ZH 3 3¢ & B Jm AH X 2 B IO #K
KRES, (HIGMRT P44,

[ K P2 2% 25 32 Jp sponsored by China Society of Fisheries
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o gy AT

BRI $RARK T3 B Fe RS M AT H AR SRR (HLE £ 8)

1. P4 4URTFIE ) 100%; 2. P6 ZHITFIEYT A 100x; 3. P8 ZHATIEYI /i 100x; 4. P10 ZHAFHEYI A 100x; 5. P4 4T IEYI /i 400%; 6. P6 4L ATFJIEST)
Ji400x; 7. P8 AUTIEY) - 400%; 8. P10 ZLFME VI /Y 400%; a. b ahifflik, b P4,

Plate I

Effects of feeding level on liver morphology of tadpoles of complete metamorphosis (H.E)

1. Liver section of P4 group 100X; 2. Liver section of P6 group 100X; 3. Liver Section of P8 group 100X; 4. Liver section of P10 group 100X; 5. Liver

section of P4 group 400X; 6. Liver section of P6 group 400X; 7. Liver section of P8 group 400X; 8. Liver section of P10 group 400X; a. central veins

(The veins in the center of the hepatic lobule are surrounded by radial liver cells, which are important vessels for the exchange of substances between the

liver and other organs); b. hepatocyte

RS HREMNCTEMRESFEREAT. BiEER REEEERRE

Tab.5 Effects of feeding frequency on liver and intestinal digestion and immunoenzyme activities of

tadpoles of complete metamorphosis

i’:fls F1 F2 F3 F4
il ARE/(U/mg) PR 46.03+0.98 48.50+0.91 47.93£1.56 46.51+0.25
ReWili/(U/g) LPS 76.28+1.46 76.67+2.32 76.09+1.06 72.67+1.06
JERI/(U/mg)  AMS 0.10+0.01 0.10£0.01 0.09£0.01 0.08+0.00
WL R I /(U/g protx10°)  AKP 105.84+1.18 99.37+6.02 104.18+11.15 94.2243.83
W PERE R /(U/g prot<10’)  ACP 101.27+1.28 98.07+3.22 98.02+1.35 100.12+0.10
B IK/(umol/g prot)  GSH 34.9442.20 29.98+2.94 32.28+1.01 27.59+3.66

R6 IRRKEWNETHATSHFERBIAT., UK REEEENRMm
Tab. 6 Effects of feeding level on liver and intestinal digestion and immunoenzyme activities of
tadpoles of complete metamorphosis

llzfs P4 P6 P8 P10
i ARE/(U/mg) PR 40.2242.62° 36.88+3.54™ 30.57+3.86™ 27.01+3.41°
g i BE/(U/g) LPS 55.07+2.40 61.68+2.23 60.89+1.19 57.89+2.00
YEREE/(U/mg)  AMS 0.06+0.00 0.08+0.01 0.08+0.00 0.07£0.00
B ML W R R/(U/g protx10°)  AKP 52.37+7.40° 45.81+13.51° 70.23+4.05" 111.33+12.08°
PR M W R /(U /g protx10%)  ACP 102.53+1.94° 129.33+6.84° 130.36+9.48" 132.70+2.57"
A e H IE/(umol/g prot)  GSH 27.31+1.60 29.79+3.30 28.41+1.56 28.74+0.99

e FATARNG TR B3 25 (P<0.05), R,

Notes: in the same row, values with different lowercase superscripts mean significant difference (P<0.05), the same below.

RN AL N Y ERERS B, BYIRE e
THACAEHE T SN, DTS5 BOR R A DR R A 5
FEE AR, E R B R AR 2 A% [ B A e R e
HARGRERREE TR, (URBLT B, X
R 2 DR S AR ST 38 v i g 5 MR R 1 7 2 e S A
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Fig.3 Effects of feeding level on microflora at the phylum (a) and the genus level (b) of tadpoles

RTRK P XA R R B A S AR AR

Tab.7 Influence of feeding level on intestinal microflora diversity of tadpoles
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Effects of feeding strategies on growth and development, liver and intestinal
function of Lithobates catesbeiana tadpoles

SHAO Chuang, QIN Shouwang, ZHUBo, ZHANG Junzhi, DAIJihong,
DAI Zhenyan, HUYi’, CHEN Kaijian"

(Hunan Engineering Technology Research Center of Featured Aquatic Resources Utilization,

Hunan Agricultural University, Changsha 410128, China)

Abstract: Bullfrog (Lithobates catesbeiana) tadpole culture technology is still in a vulnerable stage, and meta-
morphosis rate is an important index of L. catesbeiana tadpole culture. Traditional empirical feeding strategy may
lead to insufficient or excessive feeding of L. catesbeiana tadpoles, affecting the digestion and absorption of nutri-
ents and the development of internal organs. Eventually, it leads to slow growth and development, light weight
after metamorphosis, poor immunity and it is easy to corrupt water body and cause other problems. The feeding
strategy has a significant effect on the growth and development of tadpoles, but no scientific feeding standard has
been established. Therefore, four feeding frequencies (1, 2, 3, 4 times/d) and four feeding levels (4%, 6%, 8% and
10%) were set to feed L. catesbeiana tadpoles to explore the appropriate feeding strategy for tadpoles. The feeding
frequency experiment showed that the metamorphosis rate of tadpoles fed 3 times/d or 4 times/d was significantly
higher than that of tadpoles fed once or twice/d, and the weight gain rate of 3 times/d was the highest (P>0.05).
The metamorphosis to feeding ratio (MFR) increased with the increase of feeding frequency and was significantly
higher for 2, 3, and 4 times/d than once/d. Feeding frequency had no significant effects on liver structure and
intestinal protease, lipase, and amylase activities of froglets. The feeding level experiment showed that the meta-
morphosis rate increased with the feeding level increasing, and the average weight of metamorphosed tadpoles in
8% and 10% groups was significantly higher than that in 4% and 6% groups, but the intestinal protease activity of
metamorphosed tadpoles decreased with the feeding level increasing. The content of lipid droplets in hepatocytes
of metamorphosis tadpoles increased significantly in 8% and 10% groups, and fat deposition was obvious. The
feeding level of 8% increased the relative abundance of Caldilinea (Chloroflexi) and Cetobacterium (Fusobac-
terium), and improved the intestinal microbial structure to a certain extent. In conclusion, it is recommended to
feed L. catesbeiana tadpoles 3 times a day at a feeding level of 8%. Research on the scientific feeding strategy of
L. catesbeiana tadpoles can improve the L. catesbeiana research system and increase the production efficiency of

L. catesbeiana.
Key words: Lithobates catesbeiana; feeding strategy; metamorphosis; growth performance; intestinal flora
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