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Effects of anthropogenic nutrient input on organisms from different trophic levels

in Hanfeng Lake. evidence from stable carbon and nitrogen isotope analysis
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Abstract: The carbon and nitrogen stable isotope analysis have been used to study the aquatic ecological system and trophic
ecology since the early 1970s. With the increasing of human activities, many kinds of pollution, such as industrial waste
water, widespread pollution from the overuse of fertilizers, and domestic sewage and rubbish, were discharged into rivers
and lakes, causing aquatic eutrophication, which has resulted in many severe ecological consequences like the
disappearance of aquatic plants and the decrease in biodiversity. Therefore, it is vital to monitor the eutrophication as early
as possible. The carbon and nitrogen stable isotope analysis are a good method of checking and evaluating the trophic

conditions of aquatic ecology. Moreover, many studies were conducted with regard to the organic materials in human sewage
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as well as the influences of the input of nutrient materials on the aquatic ecology environment. And the organisms of the
Hanfeng Lake have been also faced with the threats of domestic sewage water and widespread pollution from the overuse of
fertilizers produced by surrounding residents. In the present study, the stable isotope approach was used and we compared
the difference of isotopic signatures of the same species between the impacted areas (A and B sites) and the control areas
(C and D sites).. So the aims of the present study were trying to investigate the effects of human sewage and agricultural
non—point source input in organisms from the different trophic levels ( primary producers and primary consumers) in the
Hanfeng Lake, an upper reaches of the Yangtze River. The results showed that the carbon and nitrogen stable isotope values
of POM and sanil samples were various in different groups. In impact groups, the values of POM samples were —25.93%o
—=24.63%0 ford"” C and 4.12 %o —9. 86%0 for 3N, the values of snail samples ranged from —14.28%0 — -21.60 %o
(8°C) and 7.97 %o — 19.99%0 (8 N) ; In control groups, the values of bothe POM and snails samples were —25. 62—
-22.51%0 (8"C) .0.01—6.56%0 (8”N),-22.96—-19.21%0 (3" C) .6.75—8.89%¢ (3" N), respectively;. The 8"C
values for either POM and snails ( primary consumers) were not significantly different between different sampling groups
(P>0.05) , while the change of 8N in different sampling groups varied greatly (P<0.05). The relative trophic position
of primary producer, such as periphytic algae, POM ( mainly composed of phytoplankton) and primary consumers
(snails) , are higher in impact groups than in those of control groups, whereas there is no significant difference in the
relative trophic levels of the other higher trophic level consumers, such as carp ( Cyprinus carpio) , crucian ( Carassius
auratus) and Amur catfish ( Silurus asotus). Therefore, the nitrogen stable isotope signature was proved to better describe
the information on the absorption and enrichment of anthropogenically derived material in food webs of the Hanfeng Lake.
Compared with the other organisms(e. g. periphytic algae and fish) , POM and snails were more sensitive to pollution than
other species, and could be more appropriate to serve as an indicator of assessing the quality of environment. Moreover, the
organisms from both impacted groups (site A and site B) in the Hanfeng Lake have been profoundly influenced by
anthropogenic inputs of nutrient matter, and site B received a more stronger interference than site A. In conclusion, it has
important significance to strengthen the protection of the environment of the Hanfeng Lake, and control the effluent

discharge amount for protecting the water quality of the Xiaojiang River and even the Three Gorges Reservoir Area.
Key Words: stable isotope; particulate organic matter; snail; Hanfeng Lake
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Fig. 1 location of study sites

K1 NFEHBERE R EREE

Table 1 The habitat characteristics of each sampling site in Hanfeng Lake

SRAE I A, % ESiES KR B HURE /K IR

Sampling site Longitude Latitude Water flow Transparency ~ Water temperature Pt
ALK A 108°27"214" 31°11'131" G 20 cm 25.8 7.61
Impact group B 108°26'104" 31°11'004" #iok <10 ¢m 29.4 7.25
Xif A C 108°26'124" 31°14'644" K 40 ¢m 25.8 7.60
Control group D 108°29'651" 31°08'121" K 30 cm 29.9 7.64

1.2 FESCREE S b FE

SKEERFRI N 2010 457 H 3 HE 6 H ( =WEIX KL 145 m £247) o TERERE SIE T REMBOK LMY,
FHE KR LR MM E Y . POMOK TR B, AR IR IEAE Y ) SR8 ka0 T L B 21K, Jeid ok v i
Wy 0 3t 18 5 AKRE 2 TR I B B 2T 48 I ( GF/C Whatman ) 13 383875 25 WORA HLAARE S g I 80 S AR 2
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T E D48 d . POM FE R 45 h i K B2 AT 38 (Aphanothece stagnina) FLXEE ¥ ( Surirella robusta ) 25 17 i FE
YA B G B2 T R 0 Sk AR LB, Pk 0 B X0 (0 2 o, s B BB JEE | ( GF/C whatman) | 20385
[W] POM, B FRAEGKAK Bl Wy 4 55 31 4 B2 ( Bellamya aeruginosa) 45 7542 ( Pomacea canaliculata) F1H- % N 12
(Radiu auricularia) , ¥ HCE T 783 B ZE K b b 5% I S R . B RFE A iR 2 0
RAR 30 DMRIRG R 1 ARESL (3 M HRFFIRIR A 1 ARERL) |, KRN AR BURA 2L, 10254 i il i riL Al 1
A O TN . B T2 A B AU BRGNS X3k, 0 A (B RE R R Ry — 1A
F1538, C UK RS . AR i i R Sl kAR 2 [ B S50 % T -20 CARIRARAF # H. TH Tia e Itk
A7 253 Hr R SE FH 1 mol/ L (YR RR AL I, SR 5 HIZR IR /K ok T4, A AR AL 7E 60°C 4t T 2 1 i, FH Aok
RS B — M R T TR DR AR DU
1.3 [AAERDE

JIE A it R R P ()57 2R G A4 7 VG P DR b BB 2 e b sk A 2 5 [ o7 2R S 6 23 0 | A [ 3R o
TN ETE R Flash EA112 JCE M5 3EE MR DELT plus XP £ 5E [0 R AUAHIE M AL, FaE C N [Ef7
EWARFERRN .

X = ([ Ryp/Rpye 1-1) X1000%0

A, X ZPCHEN,R ZPC/CHNN, 87 C {HEAXT T EFr PDB brifi, 8° N L HIX T2 AR
MIERE ., R 87 C <0.20%0, 8°N<0.30%o,
1.4 gitotr

1T SPSS 16.0 i Statistica 6.0 HCPERFS2 0 MR (746114 H7, R RFERE £ POM FIEHY 57C i
S N AT BN E 5 224347 (One way analysis of variance, ANOVA) | #5 & B4 KA vl 45 [0 477 i 2 25 5 )
DU/ 35 22802k (LSD) AT Z H LR, A SEiHE LIS E AR HEER (Mean + SE) R, BEIKFEHN
P<0.05,
2 HR
2.1 Bk AREE PR 3R H AL

T2 MR T 4 RERRIR A POM FIIH 98 5 b BUAe 8 WL R T HA L, WIE 3 87 C HAR IR K,
AR AR M B 535 -5 ( Alternanthera philoxeroides ) 8" C {H.—28. 43%0 2 4] 7 #3 ( Cynodon dactylon) ( C, FEH¥))
3 CH-11.20%0; 5HIHAF=E AN, M & 87 C (H AR AL Y0 FE AR X 45 /N, DO 3% i 01 £ ( Pelieobagrus nitilus )
3" C (H-28. 19%F 7R 8" C {H~17. 38%o,

F2 AREEWES 7 CE (37 CSE) %0 8N {E(3 NSE) %o

Table 2 The 8°C (3" C+SE) %0, 8" N(3 N+SE) %o value of different organisms
S22 Impact

A B

8" C./ %0 8N/ %e " 8 C./ %0 8N/ %e "
WA Primary producer
BB T Alternanthera philoxeroides -28.43 8.03 1 -28.28 9.29 1
IF3 Lemna minor -25.62 3.71 1 -24.93 9.69 1
T 4 AR Cynodon dactylon -11.2 1
M EE Setaria faberii -13.19 1
POM -24.77+0. 19 4.45:0.42 3 -25.74+0.20 8.84+0.94 3
[ % #25 Periphytic algae -23.01 5.15 1 -17.91 15.3 1
2% Consumers
A PR I Bellamya aeruginosa -21.13%1.09 9.52+0.27 3 -21.39+0. 19 16. 00+0. 60 3
& #7118 Pomacea canaliculata -17.38+1.34 8.30+0. 29 3 -20.31+1.01 17.75+3. 12 3
H%¥ MR Radiu auricularia
W4T Carassius auratus -21.39+0. 34 10. 87+0. 75 3 -21.39+0. 34 10. 87+0. 75 3
45 Cyprinus ( Cyprinus) carpio -20.23+0.28 9.24+0.27 3 -20.23+0.28 9.24+0.27 3
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M4 Impact
A B

8 C/ %0 81N/ %e " 8 /%0 8N/ %e "
R0 Squalulus argentatus -21.9+0.52 11. 00+0. 32 3 -21.9+0.52 11. 00+0. 32 3
FePFETEF A Pelteobagrus nitilus -28.18+0. 49 11. 69+0. 08 3 -28.18+0. 49 11. 69+0. 08 3
fif; Silurus asotus -22.20+0. 84 11.35+1.62 3 -22.20+0. 84 11.35+1.62 3

X REZH Control
C D

5" Co 515 NoGo " 5" o 5" NoGo "
V 144 Primary producer
B R T Alternanthera philoxeroides -28.41 5.02 1
VLB Potamogeton crispus -18.9 8.66 1
POM -23.37+0.65 3.09+0.67 3 -24.54+0.79 2.70+2.69 3
[l % #:2E Periphytic algae -19.44 4.48 1 -24.55 4.17 1
9% # Consumers
HBEIIRIR Bellamya aeruginosa -23.51+1.37 8.39+0. 48 3
FFIR Pomacea canaliculata —-22.96+0. 51 8.05 +0.37 3
H® N2 Radiu auricularia —19.37+0.22 6.82+0.09 3
W4T Carassius auratus -24.58+1. 18 10. 89+1. 01 3
i ft Cyprinus ( Cyprinus) carpio -23.07+0. 74 11.03+0. 87 3
A Squalulus argentatus -23.28+0. 80 11.56+0. 49 3
JGEEH I Pelteobagrus nitilus -20.960. 92 12.050. 37 3
fif; Silurus asotus -20.43+0.27 12.85+0.58 3

I A =35 1 POM 8 N HER TN 2% . WI9A =3 o N IR b 22 []— P R A AN R R A 1 8N (A
BAFFEBRIE S, N FPE T RERITE M (Lemna minor) (3R2) o WIZRAET=HH, 80 N S KA Al e/ ME R AP 2E Y
TETFHE(9.69%0,3.T1%0) , THBEHE T, N EVEMZE il ( Silurus asotus) 8N {H (£ 12%o0) AL #EHifh 8" N (H
(29 11%0) i THE M,

ARV ZH ] ORI A 7 3 POM I B i AU e 1R ) 0 3R LU 2H Iy 7 22 0 T i (R 3 ) o 1EK AR
Ytk 2 M R 22 FUAE A R T, B3 1 T 2% A ( Carassius auratus) Z AN, 52M 40 2B AR 2588 8 C HA
B X B2 AH L34 T B PR 2 R 25 55, WA 77 oK AR A ) (35 53 5L V7 L5 ( Potamogeton crispus )
TG B ) WIPOH P E IR N B P O el fn 6655 . 7K AR AR W) AR e PR AL &R LU E A Ry T, A
[FZH ] A POM FIERZE 3° N (HLH MAATE b E s Rl 25 5 HE R L EM 2R

®3 FWASHRBREATREFEYZ BRMELEARNATESH

Table 3 The different organisms Variance analysis of between in impact group and control group

3¢ 3N
S.S F P S.S F P
TR JKAAEY) Aquatic plant 11.37 0.67 0.440 19. 60 1.62 0.230
Food source POM Particulate organic matte 5.22 4.49 0. 060 32.83 5.51 0.047
HH 122 Snail 29.5 3.51 0.080  105.8 7.64 0.014
Consumers it Cyprinus ( Cyprinus) carpio 23.01 19.21 0.012 4.84 3.89 0.120
48 Carassius auratus 4.20 4.20 0.110 4.08 2.48 0. 191
ARA Squalulus argentatus 0.17 0.30 0.671 0.38 1.02 0.380
JERETEF Pelieobagrus nitilus 17.81 16.33 0.056 0.13 0.93 0.436
fih Silurus asotus 3.77 6.13 0.09 2.70 1.14 0.364

PARE T 2 s (B 2) , NEFEAE (A B.C A1 D) POM bikfa EtERIMV R HLE LB EH 2R (F=
3.75,P=0.068) , SRR mAE EVE R R HEEA T A 225 (F=4.34 ,P=0.023) ; AJRIFE 5 8] POM(F=
7.33,P=0.019) FIMZ(F=62.65,P=0.001) & &M FAL R W AHA R EA B 525, Hd B H 45 PoM
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FER R PE R 2 LB (435110 (8. 84+0.94) %o (16.99+1.90) %0) W15 T A .C Fl D FEA

2L R AN R
Impact group Control group Impact group Control group
f_J% f_}%
A B C D A B C D
0 0
-10 -10
S r o
w w
-20 =20 |-
- b
a b
| L= | _ |
b
30 L POM 30 L [-ES
18 21 —
a
- 18
15 POM % 'E3
15+
12 -
£ a £ 12h
Z or z b b
2] w 9 b
6 - b
b
T b oF
0 0
A B C D A B C D
—_— —
2 LE: XA FALE xR
Impact group Control group Impact group Control group

B2 AE#E#ERZE POM Fli §'°N & 6" C B CFHH=ArMER) S E
Fig. 2 Mean (+SE) 8"N%o, 3" C%ovalue for POM and Snail in different sampling sites; The data with the same superscript were not
significantly different ( P<0.05)
A B4R TR B BOR 7R 22 5 3 (P<0..05)

2.2 EHFRNE

BRRRZIBFE NS YRR Z MR EE KR 2T S RGBT 8 AL, R R 6 LA A7
FYFEA T 2 AR 2 I AR PR R AL 3R A R PR 2 5 TR I 8P N (B ASWTHE I, AS W] 95 FR 9] 1)
SN BAEMEAFIIME N 3. 4% 7', & 3 B/R T POM FIRIZY B & W2 AE A [ 2 o] £ I b () R e v
SEMAZE Y POM | [ %5 P 28 FNIR I E SR A0 5 WA b o 0 HEAL 5 1 L0 IS A0 3 R 7 B AN R L ) ) 25 5
AR,
3 iFig
3.1 EYEREERN E A S AR

KT N E Y Tt AT ) 1 25 K SR BT 2 i (I 5% 225 4G, 7RI 5 P9 257 Tl 22 1) DG 7 — Fil
T YL TR IR BT AR 2 SR, A A A T K S 1 A ) R Bt 22 s e R A PR A MERR PR 2 R
PP X KSR BE R I 5 =

ANTRISN K3 SR 0 s AKTAE 5 X3 POM. 145 A6 ) 2 B s RS e 1k TR 6 28 B ™ A s i AN ], AR DF
T, POM AT B 1825 87 C (H 2 AR AL AN A B, 17 8 N (AR LI BE A K, X — &5 1R 51 22 SCiik iR E
— 5002 R KA RS R G R SRR AR P TR A B, SRR R T R 3 R B A b R N T R
Wy () WS B S R (R Ll AR IR TS K TP B B R 8N T RERE S R IR AL B FE A POM
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Fig. 3 The trophic position of the different organisms in simple food web model
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