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Temporal and spatial variations in the trophic structure of key species in Daxi

and Shahe Reservoir
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Scientific Observing and Experimental Station of Fishery Resources and Environment in the Lower Reaches of the Changjiang River , Ministry of Agriculture and

Rural Affairs. Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China

Abstract; Tianmu Lake is the important water resource in the Jiangsu Province, which is composed by Daxi and Shahe
Reservoirs with abundant fishery resource. According to the spatio-temporal variation characteristics of main fishes’ food web
in Daxi and Shahe Reservoirs, the stable isotope ratio data of species were collected from two reservoirs from July 2017 to
April 2018, and the nutrient relationship was analyzed for key species at first time. The results showed that 32 fish species
were captured from the surveys, of which 28 fish species were sampled from Daxi Reservoir, while 29 fish species were
sampled from Shahe Reservoir. The fish structure communities in two reservoirs were similar, dominated by the sedentary
fishes and Cyprinidae. The spatio-temporal differences of §”C value and 8N value were analyzed by the paired samples t-
test method. The results indicated that there were significant differences of 8" C value between the two reservoirs during the
same season. There were no significant differences between each season in Daxi Reservoir but opposite in Shahe Reservoir. It
means that two reservoirs had various composition of food sources, and that composition of basal resources of fishes in Daxi

Reservoir may be more stable than that in Shahe Reservoir. In addition, there were no obvious variations in spatio-temporal
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of 8N value, which may be related to the pollution of agricultural and human activities around the reservoir. The index
calculation results showed that range of §°C (CR) and range of 8°N (NR) in Shahe Reservoir were higher than those in
Daxi Reservoir, indicating that the food sources were more abundant and the food chains were longer in Shahe Reservoir.
Also, the area of convex hull(TA) and standard ellipse area corrected for small sample size (SEAc) value were higher than
Daxi Reservoir, meaning that the trophic levels were more complicated and the core niche space was narrower. Moreover,
the mean distance to centroid( CD) , mean nearest-neighbor distance (MNND) and standard deviation of nearest-neighbor
distance (SDNND) values were also higher in Shahe Reservoir, showing that the overall degree of trophic diversity was
higher but lower evenness nutrient niches in it, while higher redundancy in Daxi Reservoir. In addition, seasonal difference
analysis results showed that the six index values were higher in spring than other seasons, meaning that the food web
structures in spring were more complex. Comparing with Daxi Reservoir, the investigation showed that Shahe Reservoir had
lower stability and less anti-interference ability, which may be correlated with the extensive distribution of tea gardens,
tourist and residential area around it. Therefore, based on the quantitative index analysis results above, the study could
provide adequate theoretical support for the management and restoration of aquatic ecosystem of Daxi Reservoir and Shahe

Reservoir.

Key Words: Daxi Reservoir; Shahe Reservoir; stable isotope; nutrition structure

KAEEYMIEFR KA S RGP R A Z R A RBCE SRR KA AW i 55 56 R I A
AT AT 0 AL, DI 52 PR 4 0 5 A0 A4 855 22 1) i 0 0 38 e g b 3h >, B L B o6
T YR S5 PR (0 52 2 M o R AR B Rh 4 2 B 2 RE MRS AT AR B (A W BRI
SEMTEATR BB 25 N AFAERE R 25 5%, 1Tk A B S R 9 A2 Mk A AR FL LA 0 iR g R 1, [ R 41 sk
N7 REAS 5 AN ) A ) B A 2 R TR 3R LIRS ], A 1 KN e g iRl 2 i B S s s 87—
LR KA LU PR R e R 2 T A © 8- 18] R R TRl AR 28 & R I Wiy b 2 S ] isf
25 WIT AL B FR A7 B B AR IRERAE . layman S5 MR 3ETE 35 AL 2524098 TH I RN 45 A 4 o ik IR I T 6 F
VB FREERIN 6 AR FE AR SRR AR AT LA B I A R 2 RV AR B AU AR R I, IR
FH TR P Ah KO i A 25057 5 BE RN BB 3 1A, AR S AR A W 3R B8 DX 2 % B 0 R AE AR AR S i 4510

K H IR T 95 Wil =8 55, T8 K B I AR b i IX, 1A AR | V0 i) 90 8 ) R R R K 2 | 2 K
T LSkt S K TR AR X, H R R K RS K TET R 90 km® , K PETETBGEE 10 km®, BEZRIA 1.13 42 m* 1™
UK EAE K TR AR 148.5 km® KRR 12 km®, BEZE 1.09 42 m® ) 33 6 7K 22 F 358 B Y] ——— VD VR T A
i SRR KRR A FEWE il Fnitell A= 7= 5 2 D RE T — KRB K (1) BUK R, L4k | B My 207
B4 R R, WA 7K P R 7K B 32 S S, TR A R I D I S o v 3 P v IS R i B AR AR KR ALK
Ji N RS — R AR A SBR[ R e K AR AR S R G TR Y, e e R S R GV I
BT EEAETY (B A B SCHREORE, & B SE T IR K RNV K R ) R A OB S S E L, 6 TR
FREER I AT T, PR, iR T T R KR K R AN YD Rl K 3 fa G IR AR IR R 2, 780 T A WA E K B 2 B £
FREVR AL S SR AR i 23 AR AL AR S SR IR 3P AN R PSR AL ARG . AR SO ATl /RS Rl R 4
AT K H A 7] 22 BE KA ] X 3 e S T W NS TR G5 A A8 ALRRAIE | AT Ry gk — 20 I e K H i1 2
AUV AT B FL A

1 HRF*

1.1 FESCREE
AR SCFFE A R R H 7K 38, A0 46 KR T R [ R e R AR . ARB5E 4353 F 2017 4E 7 A (10 A Al
2018 4F 4 HAEML IR RAE TAE (WL 1), ZEPIA 7K E A3 s B 2 AR R A R 5, Hodr S1 A1 S2 v F RIEK

http ; //www.ecologica.cn



8 1 Fg & RBEKERVHI KR R B IS8 SRz A8tk 3217

Ji,S3 I S4 AL T Vb UK B RE RO E 4 £ 2
WHEEZSRM(1.2 em.2 em 4 ¢m .6 cem .8 em .10 cm (14
em) K E43 125 m 1.5 m F1250 m 3 m PiFP K 3 45
FE(MHEN 1.6 em, K FE #5051 10 m 0.4 m 0.4
m) JHCE 12 h JE R BT AT a3k ), S e B Rl e
R AR IS BN E ARG A S A W B IR KRS T
#]0.01 mm, RFHRHHF] 0.1 g, ARPEFHANIER
TRAF A RERTE =50 C ELZS5 V2 U5 48 h, BRI & T
TSR A HAs Th IR A
1.2 FEahE Rkik
FE ik 2 [ 50 1 R 5 = I PR S T i A T IRl A 3R
BRI E 130G i TR R R (Y Delta V advantage )
HIUE AL (Flash EA 1112 HT) FEMiaL. BRAE
FE PR 2200 22 4 03 R H E BRBR Y VPDB ( Vienna REIT

>»z

31°20'N

Pee Dee Belemnite ) FlbxfE K E B AL R FIEMES gL ﬁi@j&#ﬁ—i

=l o 2
2% o N RE BT FIARUE & R S BRI, B RE S s 3 A F
ATRE ARSI 45 T i P A RS i Fa e i | B 12 119°20' 119°25°E
Aﬁin?fﬂiﬂ/\*/\%/’ﬁuno SHTEE R FE RN SCC M Bl RHASHE
615N 20 .
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Table 1 Species composition, IRI and ecological types of fish community in Daxi and Shahe Reservoir

‘ ks A weoo W e
%ﬁ 1 Body length M:E?i%l ( jc‘/fypi (VPimIK ét?sééﬁf—
Species Code ange Weight range Dm. Shahei Ecological types
Reservoir) Reservoir)

Ui Toxabramis swinhonis TS 80.88—135.36  6.0—25.9 4605 1538 0,L,R
% Hypophthalmichthys molitrix HMV 250.5—505  297.0—2447.0 1552 2875 F,U,P
8 Aristichthys nobilis AN 169.21—710  105.2—6158.0 3040 2259 F,U,P
K& Acheilognathus macropterus AM 50.53—122.84 3.2—43.2 2617 364 0,U,R
2 Hemiculter leucisculus HL 93.05—157.14 7.5—40.6 1819 1494 0,U,R
KA Squalidus argentatus SA  84.495—138.78  9.3—36.1 1421 1206 0,L,R
HRRHH Xenocypris davidi XD  227.07—280.69 183.0—385.0 12 2000 0,L,R
S8 Culter mongolicus CM  104.38—215.88 14.1—114.5 302 1175 C,U,R
#ll Carassius auratus CAL 129.21—245  89.0—395.0 889 616 0,L,R
IKICHA Culter dabryi CcD 87.16—196.73 6.4—82.5 271 673 C,U,R
8% Siniperca chuatsi sC 159.67—406.41 87.5—1709.8 465 222 C,L,R
EENE Sarcocheilichthys nigripinnis SN 60.21—105.98  3.7—25.4 175 443 0,L,R
A4 Hemibarbus maculatus HMB  182.59—267.28 60.0—298.6 219 461 c,L,R
1614 Sarcocheilichthys sinensis SS 76.33—158.53  8.2—95.6 87 212 C,L,R
FHUN Pelteobagrus fulvidraco PF 132.51—212.32  37.6—137.5 219 171 0,B,R
% Cyprinus carpio cC 335—493  936.0—2327.0 244 44 0,B,R
SUMEEN Culter alburnus Basilewsky CAB  100.31—304.27 9.5—314.0 74 276 C,U,R
LA 5 Paracanthobrama guichenoti PG 77.98—240.32  8.2—274.4 605 - 0,L,R
MYUE Acheilognathus chankaensis AC 29.38—85.15 0.7—14.8 121 99 0,U,R
HARIESS Rhodeus sinensis RS 30.83—51.96 0.6—3.1 156 189 0,B,R
YAIEH Xenocypris microlepis XM 181.7—280  117.2—408.0 - 857 0,L,R
W &% Hemiculter bleekeri HB 94.62—120.35  10.6—18.4 106 - 0,U,R
KHRES Siniperca kneri SK 123.52—218.45  38.7—227.5 70 95 C,L,R
F A Pseudorasbora parva pP 48.03—84.57 1.7—11.0 71 95 0,L,R
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Species Code Weight range Daxi Shahe Ecological types
range Reservoir) Reservoir)
FRWIHF R £ Rhinogobius giurinus RG 27.81—55.56 0.4—2.5 53 12 C,B,R
LLBEFAN Cultrichthys erythropterus CE 107.17—146.28  14.0—36.4 - 11 C,U,R
KA FA Pelteobagrus eupogon PE 216.86—216.86  94.8—94.8 6 - 0,B,R
WE Saurogobio dabryi sD 49.75—60.21 1.8—3.1 5 5 0,B,R
Ve Misgurnus anguillicaudatus MA 91.84—139.82  25.7—50.6 4 21 0,B,R
fili Parasilurus asotus PA 214.72—214.72  102.7—102.7 - 4 C,B,R
KEERNIRH Paramisgurnus dabryanus PD 104.19—104.19  10.8—10.8 - 2 0,B,R
VB SEI Odontobutis obscurus 00  79.93—132.98  11.0—45.8 6 3 C,B,R
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Fig.2 Fish ecological types of Daxi and Shahe Reservoir
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Table 2 6C and 6'°N value comparison of the same selected species
. i ﬂfi s K e - B B} K e = B
Comparkon ftems ey ¢ species Me: t“l;;:{ue df S\i fp) NIean t\v;e:;ue i S\i fp)
ean g g
KB -Yhi % 16 2.005 7.368 39 0.000 -0.001 -0.003 39 0.998
Daxi Reservoir to )=} 15 1.161 5.463 37 0.000 -0.29 -1.479 37 0.148
Shahe Reservoir k 17 1.735 3.82 35 0.001 -2.219 -5.997 35 0.000
H#-H2 Kig 15 0.442 1.439 30 0.160 -0.845 -2.683 30 0.012
Spring to summer izt 18 -1.685 -4.549 4 0.000 -0.882 -2.974 ) 0.005
-k Kig 17 0.419 1.293 k) 0.205 0.866 2.525 32 0.017
Spring to autumn izl 17 -0.042 -0.107 43 0.915 -0.338 -0.949 43 0.348
H-k Kig 15 -0.100 -0.518 34 0.608 1.97 9.53 34 0.000
Summer to autumn tuat) 18 0.732 2.35 46 0.023 0.3 -0.88 46 0.384
20 -
20 +

613C/ %o

B3 XEBEKREABEFENTESXLARERMZSME
Fig.3 69 C and 6 N value distribution of key fishes during

different seasons in Daxi Reservoir
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Fig.4 6 C and 6" N value distribution of key fishes during

different seasons in Shahe Reservoir
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Table 3 Values of fish communities in different seasons of Daxi and Shahe Reservoir

FKIEIKJE Daxi Reservoir IO JKJE Shahe Reservoir

HE ES B BF HE &=

Spring Summer Autumn Spring Summer Autumn
CR 11.80 5.29 7.66 12.82 10.10 8.01
NR 6.03 4.50 6.32 11.10 8.64 7.76
TA 30.74 14.80 25.85 64.59 45.57 43.95
SEAc 10.16 5.45 7.79 20.95 13.76 14.09
CD 2.31 1.58 1.86 3.14 2.58 2.47
MNND 0.89 0.72 0.84 1.25 1.00 0.97
SDNND 1.03 0.60 0.70 1.21 0.93 0.92

CR: R{EIEFE 86 C range; NR : Z{HIEF 8'5N range; TA ; S X Total area;SEAc: FRyEM R AL ; CD ;S B .0 B Mean distance to centroid ;
MNND ; - 4B UTHE B Mean nearest neighbor distance ; SDNND : fz 48T 5 B 45 7fE 2 Standard deviation of nearest neighbor distance

32 M2k 6°C M N A 2257
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M1 KEBKREMDHKERRAZENTEZESEXRARERNLRE
Appendix 1 8°C and 6"°N value of main fishes during different seasons in Daxi and Shahe Reservoir
K3 Yy 2 Spring HZ Summer FKZE Autumn
Waters Species 8¢ 815N 8¢ 815N 813 81N
RIEKE W - - - - -27.32+0.10 12.87+0.59
Daxi Reservoir & -26.24x1.42 10.82+1.42 -26.92+0.17 12.820.33 -27.08+0.63 11.94£0.39
A A -28.16+0.19 15.40+0.03 -27.610.19 13.98+0.29 -26.79+0.39 12.11£0.02
N -24.51£1.31 11.90£0.60 -24.92+1.25 13.17£0.99 -26.14+0.34 10.1120.34
PN -25.34 14.10 -25.42 14.68 - -
g -26.37 15.19 -24.81+1.23 15.52¢1.14 -24.52 14.80
EplkLE -25.44+0.72 14.18+0.89 - - - -
iR -25.18+1.18 12.77£0.92 -24.67+0.94 14.700.76 -25.09+1.56 11.75+1.29
Al -28.78+0.15 14.470.57  -27.44+0.47 14.97£0.20  -27.95 13.37
e fig. - - -26.58+0.90  14.56£0.85  -26.11%1.34 12.14£0.17
W -25.94+1.23 12.89+0.78  —29.38+0.83 14.87+0.76 - -
e - - - - -21.82 8.48
i -26.22+0.71 13.70£1.08  —28.12+2.21 13.80£0.22  —29.48+0.63 11.70£0.94
fiif -26.83 11.13 - - -25.64 12.02
% -28.49+0.15  13.1520.24  -27.72+0.83  12.74x1.52  -26.48 9.42
& T -25.82+0.94  11.26%1.64 - - -27.53 10.04
Eg -28.33 14.63 -26.85+0.33  14.44x0.77  -27.02%0.26 13.32£0.57
s i) -23.91+0.62  12.92+1.55 - - - -
etk - - - - -27.72 11.71
il - - -28.47+0.42  17.2420.55  -26.93x0.35 13.82+0.41
)3t s -27.37£0.29  15.0320.30  -26.56x1.00  15.31x0.72  -27.16+0.87 13.42+1.43
oLff -28.39£0.26  13.5720.69  -28.01x0.17  13.71x0.19  -28.06x0.11 12.25£0.46
ML -19.95 9.37 - - -24.89+0.28 10.66+0.83
Aty -25.69£0.65  12.3620.55  -27.0120.35  13.68+0.56  —-25.48+0.73 13.07+0.81
f -24.08+1.09  11.55+2.86  -27.00x1.65  12.89+1.10  -27.12£0.12 11.71£0.53
KA R -31.75 13.03 - - - -
rh R -24.76£0.60  11.82%0.50 - - -23.87+1.73 10.99+0.66
TR @ -24.52+1.65 14.36+£0.25  -24.08 13.77 - -
YK 2R & -28.40£2.28  12.52+1.76  -27.87+1.05  12.81x1.18  -31.1320.16 13.80+0.56
Shahe Reservoir ik R -29.93+1.54 14.96+1.03 -29.73+0.87 15.36+0.47  -29.43+1.31 15.33+0.32
B ) ek - - -23.50 7.92 - -
PN -27.80£1.29  13.4420.32  -26.23x1.69  14.16+0.38  -28.02+1.94 14.20+1.18
MR 5% -26.80 15.22 -26.72+0.74  15.88+0.67 - -
5 -27.11 14.37 -27.13£0.49  15.47+0.92  -27.1320.56 14.81+0.04
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Tk i FZ Spring K7 Summer 2 Autumn
Waters Species 8¢ 81N 8¢ 8N 813 815N
)1 Yy - - -26.21 16.55 - -
JREEER -27.81£0.26  13.73x1.18  -26.78+0.39  14.50+0.81  -26.11x0.59 16.02+0.97
EAR (/NI - - -27.24 16.08 -28.73 14.23
ALt -29.60+0.42 12.70£0.28  -28.69 15.90 -29.70+0.87 13.40+0.51
AE g -29.71+0.41 13.37£1.27  -27.38+1.29  14.66£0.65  -29.66%1.01 12.70+0.22
WA -29.63+1.04 13.12£0.66  -29.88+2.13 14.88+0.43  -28.30+1.54 13.09+2.29
B2 -28.60+2.49  10.32+1.13  -24.72+0.41 12.04+0.33  -25.37+1.16 8.56+1.25
il -27.30£3.54  11.80£3.37  -27.47x0.32  13.19:0.80  -23.12+0.43 8.4120.90
iy - - - - -29.82+1.37 16.08+2.59
% -30.53£1.55  10.32+3.05  -27.61x0.98  11.37£0.95  -28.21x0.06 13.20£0.20
P2 % -26.55+2.26 12.52+0.53 - - -29.29 13.11
Eg -30.47£0.84  14.6520.49  -28.62+1.01 14.02£0.46  -30.0120.25 16.17£0.22
etk -23.19+0.33 6.86+1.70  -24.15 9.97 - -
fily -19.27 4.20 - - - -
I B -29.36+0.53 15.31£1.00  -25.93+0.11 14.86£0.04  -28.53+0.46 15.99+0.39
201 6 -32.09+0.31 10.47£0.84  -24.83x1.49  10.67£0.10  -29.59:2.11 8.77+1.52
Lo ] - - -24.99 14.73 - -
L4 - - -29.46£0.49  13.7220.68  —30.86=0.41 15.91£0.67
ML -21.53£0.75  10.0220.73  -19.77+1.45  12.63%0.10 - -
A -28.55£0.49  14.63x0.49  -26.84x1.44  13.85:0.49  -27.15x0.60 15.56+1.01
i - - -29.07£0.05  15.36£1.21  -29.05+0.24 14.95+0.34
rh R b -25.96+0.55  11.64+0.92 - - - -
TR E -26.60+3.06  13.00+0.98 - - - -
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