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Abstract: [Objective] The purpose of this study was to investigate the species and abundance of natural food
for Chinese soft-shelled turtles (Pelodiscus sinensis) cultured in paddy fields under different feeding levels,
explore the feeding ecology of P. sinensis in the rice-turtle co-culture mode, and provide a basis for optimizing

the feeding strategy of comprehensive planting and breeding in rice fields and revealing the formation process
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and mechanism of ecological benefits. [Method] The field feeding experiment was conducted with three
feeding levels of 0.7%, 1.4% and 2.1%(w) for studying rice-turtle co-culture. Morphological analysis of stomach
contents and environmental DNA analysis were conducted to determine the feeding habit of the natural food and
commercial feeds for P. sinensis in different treatment groups. The relative importance index of different foods
in treatments was also analyzed. [Result] The feeding rate of P. sinensis increased with the increase of feeding
level. In morphological analysis of stomach contents, 8 species of fish, 2 species of shrimp, 2 species of
molluscs, 9 species of insects and rotifers were identified. The species with high occurrence rate included
Abbottina rivularis, Pseudorasbora parva, Macrobrachium nipponense, Cipangopaludina chinensis, Polyarthra
sp., Chironomidae larvae and Limnodrilus sp.. The occurrence rate and relative importance index proportion
(IRIP) of commercial feeds increased with the increase of feeding level, while the IRIP of natural food
decreased. The IRIP of commercial feeds was 91.97% when the feeding level was 2.1%, and the added IRIP of
multiple natural foods was only 8.03%. In environmental DNA analysis, there were 16 species of fish with DNA
relative abundance higher than 0.5%, and among them, 4. rivularis, P. parva, Rhodeus sinensis, Hemiculter
tchangi, Misgurnus anguillicaudatus, Paramisgurnus dabryanus, Carassius auratus and Hemisalanx
brachyrostralis were also identified in morphology analysis of stomach contents. A total of 36 species of large
aquatic vertebrates were identified, and the species with DNA relative abundance higher than 1.0% in stomach
content samples mainly included Pseudochaeta sp. Janzenl4, Palaemom modestus, Cipangopaludina chinensis,

Chironomidae larvae, Limnodrilus sp., rotifer, etc. [ Conclusion] The natural food of P. sinensis includes small

fish, molluscs, arthropods and rotifers, etc. Higher feeding level of commercial feeds results in lower feeding

rate and IRIP of natural food, which may reduce the ecological benefits of co-culture.

Key words: Rice-turtle co-culture; Feeding level; Feeding ecology; Stomach content; Environmental DNA
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Table1 The feed occurrence rate (OR) and relative important index proportion (IRIP) for Pelodiscus sinensis under

different feeding levels in rice field

%

kb FO Fl F2 F3

Species OR IRIP OR IRIP OR IRIP OR IRIP
Wbt Abbottina rivularis 15.63 8.10 14.28 5.81 11.91 3.14 8.20 0.98
Z Mt Pseudorasbora parva 21.87 1541 9.53 4.62 9.53 2.65 6.15 0.81
48 Rhodeus sinensis 938 483 715 176 476 077 205 0.3
7% IR& Hemiculter tchangi 6.24 1.74 7.15 1.92 4.76 0.68 0 0
#l Carassius auratus 3.12 1.03 4.76 1.34 2.38 0.40 2.05 0.12
MR 1. Hemisalanx brachyrostralis 3.12 0.66 2.38 0.36 0 0 0 0
Vel Misgurnus anguillicaudatus 3.12 0.50 4.76 1.18 7.15 1.05 2.05 0.10
KGRV, Paramisgurnus dabryanus 6.24 1.25 2.38 0.62 2.38 0.46 2.05 0.13
H AVHEF Macrobrachium nipponense 18.75 6.84 1191 2.92 9.53 1.26 6.15 0.52
F5 N EHF Palaemom modestus 12.50 4.04 9.53 2.46 4.76 0.50 2.05 0.10
H M2 Cipangopaludina chinensis 18.75 482 1666 657 1191 2.76 6.15  0.60
M JE VI Anodonta woodiana 1250 450 476 118 476 074 409 027
28 Pseudochaeta sp. Janzen14 15.63 6.01 14.28 597 11.91 1.57 8.20 0.47
BRI/ E Thermocyclops taihokuensis 9.38 3.89 4.76 1.86 7.15 1.35 4.09 0.28
W81 K % B Mesocyclops sp. IMYL-2014 624 249 476 235 238  0.16 205  0.06
Z B4 H Polyarthra sp. 18.75 10.02 11.91 4.01 9.53 1.99 10.24 1.46
#5 KE\ Nilaparvata lugens 12.50 4.86 7.15 0.96 7.15 0.83 4.09 0.34
PEI4) d Chironomidae larvae 2499 1113 953 322 715 139 615 075
IK 25| Limnodrilus sp. 18.75 6.30 9.53 2.39 7.15 1.40 6.15 0.90
FPLSENY Metomelus punctatus 6.24 1.26 4.76 0.34 2.38 0.09 2.05 0.03
K& 8 Dolichogenidea sp. BOLD: AAA3918  3.12 032 0 0 238  0.05 0 0
17k} Commercial feeds 0 0 52.38  48.18 69.04 76.76  75.80 9197

1) %+ & 28 R ) B 18] AR A A JF i+ B4 2| ORA=IRIP; FOF1 . F2F=F3 4 3] & T RAF A P 4L ER R £450.0.7%.1.4%F=

2.1%.

1) The OR and IRIP are calculated by merging samples from different time for each group; FO, F1, F2, and F3 represent the

feeding levels are 0, 0.7%, 1.4% and 2.1% of the release weight of P. sinensis, respectively.
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Table 2 Proportion of individuals with varying gastrointestinal fullness grades in Pelodiscus sinensis under different

feeding levels in rice field %
TREE 7H July 8 H August 9H September
Fullness grade FO F1 F2 F3 FO F1 F2 F3 FO F1 F2 F3
0 2778 1667 1111 556 4444 2222 27.78 0 50.00 27.78 2778 22.22
1 2778 2222 2778 2222 2222 2778 2222 2222 2222 2222 2222 2778
2 2222 2778 2222 3333 2222 2778 2222 2778 1111 16.67 2222 11.11
3 1667 2778 16.67 11.11 1111 1111 11.11 1667 1111 1111 556 11.11
4 556 16.67 11.11 11.11 0 556 556 2222 556 11.11  11.11  11.11
5 0 1111 1111 16.67 0 556  11.11 11.11 0 1111 1111 16.67
TR 7222 8333 88.89 9444 5556 7778 7222 100.00  50.00 7222 7222 77.78

Feeding rate
1) FO.F1.F24=F34 5 £ R 3R KT 4 F 4 B2 490.0.7%. 1.4%F92.1%.
1) FO, F1, F2, and F3 represent the feeding levels are 0, 0.7%, 1.4% and 2.1% of the release weight of P. sinensis, respectively.

FERIKEE (P<0.05), /KA LFERTE SWREAT
Shannon F1 Simpson &£ 2 & %= 7 (K 2).
HRAE 3 AR bR 23 M 45 3 70 B AS [FIFE AR TA] 1Y) Beta
265 ZFEVE, ANRIFEAR A BB 1) PR B, FoRoKFE AT £
FE H) PR B B0, R B EA I P 4 % AR AL s ]
R AR A BE B 3z, 15 B AR R A R 4 b
HE S HAbRE A ZE R BR (B 3).
i F AR xS, & FEMF OTU, ZHBRESEE

~_
S: LR W AKHRE; F 1kl G: B &,
S: Soil sample; W: Water sample; F: Commercial feeds; G: Stomach
contents.

1 T E#ZA DNA FECEREINHBNSEE OTU KB
Fig. 1 Numbers of common and unique OTU annotated by
DNA fragments of different samples
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Fenmh, JLUE R 184 P o iig K B BK R
N 49 B, FEFRIE K WA B0 23 Bl ER— K
Z/MEAH DNA X FERT 0.5% MEEA 16 Fi
(K 4), Hrp, B, i, sy, kK.
TRtk K wERE Ve AR e B SIS
SRTHRIE K (R 3).

6 000 r B: Chaol
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=] b
4500 — a
4000 -
3500
0.12  D: Simpson
b
0.10 | —
0.08 |
0.06 |
0.04
002} _A a a
= —
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S w F G
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S: s WeKEE; Fe ikl G: B & & B, 7 BT MARNG FEEER 22 53 23 (P<0.05, Duncan’s 7).
S: Soil sample; W: Water sample; F: Commercial feeds; G: Stomach contents. In each figure, different lowercase letters on bars indicate significant
differences (P<0.05, Duncan’s method).

2 TEHAYH Alpha ZHMEE
Fig.2 The Alpha diversity of species in different samples
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Fig. 3 The principal coordinates analysis (PCoA) based on UAL HARAT S K 2205, 5 FJC e s /IS, S
Bray-Curtis distance HIE . AR e B AR, KAEH DNA A =
100 m £432 Unclaasified m B4 Ctenopharyngodon idella
m JAth Others u FREWIERER Rhinogobius giurinus
<80} = AR Hemisalanx brachyrostralis m 2 #ft Pseudorasbora parva
Z 8 Cyprinus carpio = JRIRE Squaliobarbus curriculus
a
S m A Tachysurus fulvidraco = KW)E) Mastacembelus moorii
%z § 60 m % [CW)HR R . Rhynchogobius potteri = ]l Carassius auratus
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20l
0
S W F G
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DR DNA AR HE > 0.5% 48 S: kb WeaKFE; Fe ik} G: &
Only species with DNA relative abundance > 0.5% are displayed. S: Soil sample; W: Water sample; F: Commercial feeds; G: Stomach contents.
4 TEHEARKKEI DNA X FE
Fig. 4 The relative abundance of freshwater fish DNA for different samples
3 REMMEESRGIEHEARPRKEZH DNA EEHISUARERYHES SMHSENRFHHIE (OR)

Table3 The occurrence frequency of DNA information of freshwater fish in different samples and the occurrence rate
(OR) of the species in the morphological observation of stomach contents in rice-turtle co-culture ecosystem

DNA " DNA detection

Simejis HEY IKEE B OR/%
Stomach contents Water sample Soil sample

¥4t 4 Abbottina rivularis +++ ++ +++ 37.04
FFlift Pseudorasbora parva +++ A+t e 33.34
rh 4456 Rhodeus sinensis +++ +++ ++ 16.67
7K K& Hemiculter tchangi ++ -+ ++ 12.96
Vel Misgurnus anguillicaudatus +++ A+t ++ 12.96
KEERN VeI, Paramisgurnus dabryanus A+t +++ +++ 9.25
) Carassius auratus o o s 9.25
HWIAR 1 Hemisalanx brachyrostralis ++ ++ +++ 3.70

1) +HHR R EIAFATHA T 3 I, H R TR P BRI, R P B e S5 B H A
1) +++ represents appearance in all three parallel samples, ++ represents appearance in two samples, and only the species that
appear in the morphological analysis of stomach contents are listed in the table.



935

RATN, 5 PRI X SR 5 b A B A A R

% 6 1

x4 BERXEESRETRHEATRKE LB DNA EEHIFARENYMES SVHSENE R LR

(OR)

Table 4 The occurrence frequency of DNA information of aquatic vertebrates in different samples and the occurrence rate
(OR) of the species in the morphological observation of stomach contents in rice-turtle co-culture ecosystem

DNAK Y DNA detection

Si%ejis BaY UNES B OR/%
Stomach contents Water sample Soil sample

HAYBYF Macrobrachium nipponense -+ ++ + 33.34
500 YR Palaemom modestus -+ +++ + 20.37
o [ [7] Cipangopaludina chinensis +++ ot +++ 38.89
B MATRIE Anodonta woodiana ++ ++ ++ 18.51
Zi W8 Pseudochaeta sp. Janzenl4 -+ =+ ++ 37.04
H 817K #J& Mesocyclops sp. 1 MYL-2014 S ot ++ 16.66
B8N /K K Thermocyclops taihokuensis -+ A+ + 18.51
% ikt 4L Polyarthra sp. (WM-2017b. WM-2017¢) e e ++ 37.04
¥ KB\ Nilaparvata lugens ++ ++ + 22.23
RI4h R Chironomidae larvae o - N 33.34
K2 Limnodrilus -+ e ++ 29.64
FPLIEWS Polystoechotes punctata ++ ++ + 11.10
KW % Dolichogenidea sp. ++ ++ + 3.70
D) -+ TEINTFATHEA T R, ++ R RAAMEA T R, +R FEIMEAT R, A FR5) 5§ oHH AT H

ILE AT

1) +++ represents appearance in all three parallel samples, ++ represents appearance in two samples, + represents appearance in
one sample, and only the species that appear in the morphological analysis of stomach contents are listed in the table.
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