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The effects of petroleum exploitation on water quality bio-assessment and
benthic macro-invertebrate communities in the Yellow River Delta wetland ,
Dongying

CHEN Kai', XIAO Nengwen’, WANG Beixin', LI Junsheng®*

1 Laboratory of Aquatic Insects and Stream Ecology, Department of Entomology, Nanjing Agricultural University, Nanjing 210095, China
2 Chinese Research Academy of Environmental Sciences, Betjing 100012, China

Abstract; The major environmental risks associated with petroleum extraction (e. g. oil spills and leaks) are well known.
There is a lot of information on the impacts of petroleum exploration on benthic communities in foreign studies. In this
study, we probed the effects of petroleum exploration on macro-invertebrate assemblages, which are important components of
benthic communities in this wetland ecosystem. The object of the investigation was to provide scientific data to guide the
management, ecological restoration, conservation of biodiversity, and sustainable development of aquatic ecosystems.
Physicochemical variables were measured at 34 sites in the Yellow River Delta wetland, Dongying, China, in October
2009, and benthic macro-invertebrate assemblages were collected using a D-frame net and a Peterson grab. The water body
in the study area was oligohaline, its salinity ranging between 0. 05 and 5 ppt. A total of 84 macro-invertebrate taxa,
belonging to 70 genera, 41 families, 12 orders, 6 classes, and 3 phyla, were collected. Insecta comprised 52.4% of all

benthic invertebrate taxa, of which Odonata and Diptera accounted for 23% and 24% , respectively. The structure and
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diversity of macro-invertebrate assemblages were expressed using the Shannon-Wiener index, the Margalef index and the
dominance index. Water quality was assessed by the Shannon-Wiener index and the biotic index. The dominant species at
most of the sites were either Chironomus spp. or Glyptotendipes spp. with overall dominance indices of 0. 0315 and 0. 0522,
respectively. Pearson correlation analysis showed that the Shannon-Wiener index was negatively correlated with total
nitrogen (TN) (r=-0.446, P=0.02) but was not correlated with any of the other physicochemical variables measured.
The biotic index was not correlated with any of the physicochemical variables. The numbers of molluscan taxa were
negatively correlated with salinity (r=-0.422, P=0.028) and positively correlated with pH (r=0.435, P=0.023).
Likewise, the percentages of individual Mollusca at the sites were negatively correlated with salinity (r=-0.395, P=
0.041) and positively correlated with pH (r=0.565, P=0.002). The numbers of oligochaete taxa were significantly
positively correlated with TN (r=0.524, P=0.005). The petroleum content of the water was not correlated with any of the
biological indices and was not considered to be a major stressor. Canonical correspondence ordination analysis ( CCA)
showed that TN, pH, and salinity were the major contributors to the macro-invertebrate community structure, with 12. 18%
of species variation explained by these three variables. The substrate and hydrophytes also had effects on the structure of the
macro-invertebrate communities. Cluster analysis and MDS ordination of sampling sites showed that all sites could be
divided into 11 separate groups at the similarity level of 30% . Oligochaeta and Mollusca were the two main taxa responsive
to environmental variables. The bio-assessment indicated that the Shannon-Wiener diversity index was a better indicator of
water quality than the biotic index. Bio-assessment using the Shannon-Wiener index showed that the water quality of the
Yihong River tributary, the Guangli River upstream, the Tiao River upstream, and the Dongzhang reservoir were clean, that
nine sites were slightly polluted, and that the remaining sites were moderately to heavily polluted. We proposed that a
comprehensive evaluation of water quality should ideally combine the Shannon-Wiener index, the biotic index, and
physicochemical measurements. Additionally, other evaluation methods could be developed based on the biological indices

for this region, taking into account the special characteristics of this native ecological environment.

Key Words: Yellow River Delta Wetland; benthic macro-invertebrate; community structure; petroleum; water quality

bio-assessment
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Table 1 GPS of Sampling sites in Dongying Wetland

{214 Code £ FK Name LA GPS %15 Code  #FK Name L B GPS
St i) 37°26.755'N,118°32.902'E S18 Byt O A 37°53.882'N,118°35.663'E
S2 KIGH 37°22.744'N,118°47.410'E S19 il i 37°58.604'N,118°35.269'F
S3 Thit P AT 37°28.436'N,118°45.346'E $20 A ) 38°20.482'N,118°36.290'E
S4 i LA S 37°28.436’N,118°45.346'E 21 ALK S 3 38°01.122'N,118°49. 888'E
S5 i ) 37°24.625'N,118°45. 124", S22 HAlE U 37°58.360'N,118°53.045'E
S6 I RE 37°27.312'N,118°23.072'E S23 A i 37°54.546'N,118°48.396'E
s7 AR 37°30.070’N,118°23.681'E S24 PAE AR 37°52.940'N,118°48. 192'E
S8 J RN L i 37°31.853’N,118°24.319'E 825 DI Wi B 3 37°52.367'N,118°44.893'E
$9 i B AT 37°33.986'N,118°34.434'F, $26 Py - i 37°47.399'N,118°35. 154'E
S10 RAEO 37°36.205’N,118°31.905'E S27 B HGE 37°53.267'N,118°43.977'E
s11 S 37°38.689'N,118°30. 286'E $28 5% 1] 37°25.033'N,118°13.699'E
S12 VR 37°45.917'N,118°31.458'F $29 LT 37°40.015'N,118°23. 136'E
S13 LR i) 37°53.559'N,118°28.413'E S$30 T 37°35.683'N,118°18.438'E
S14 SR 37°53.237'N,118°26.580'E S31 ZRkKE 37°35.517'N,118°30. 135'E
S15 WAL L g 37°53.292'N,118°23.640'E $32 3 <0l wbiia 37°16.764'N,118°36.947'E
S16 TR 37°57.554'N,118°24.012'E $33 SRR i 37°15.432'N,118°23.342'FE
S17 THETH 37°56.203’N,118°27.569'E S34 WAL 22 A 37°26.368'N,118°36.295'E

1.2 FEFCRESE
1.2.1 KiEHEALEbR

L8 4-Star X pH /1% 2/ H8 FAL ( F2[ Thermo Orion ) Il € BRBHE (pH {H) A f#E(DO)
SRMELE, Hie GB38383—2002 R SR ALK FE, A 525 = v A Ok A R A, 55 A0 43 D B R I R R
(TN) , SHBRE& 43 6O G RE VAN 2 SV (TP ) FNZLAM 3 G EE I A 2k
1.2.2  KREEHTCHE MY

FIFH E A% 30cm .60 HFLEE R 2D D M (D-net) Fl Peterson RIE#F 1/40 m” B 1/16 m® R4 KA FEHI G
BHESHIRE S . AR S AR B S B AEMRAE T B, D B RRER B NEE S AE 100 m K ATE RN, &
PR KA — M (KN T 1.5 m) SRR 3—10 m, R 0.9—3 m*, F AR 8
AR 3—5 I PATHRE R RE R URR S AR, T 109% i H ISR TR A IS s S8 e, T
KA B ORI S S e Jm bl s 2 B 28 BB E R B BOR 10 RS 4 2B IT I A AR |
1.3 Bt

JEEA S BEVE FEAE 43 MR ] Shannon-Wiener ZEEMEFEEL ) Margalef #)Fh F & BEFE AL R4y b 3485 45
Y = (n/N) fi, (BLY>0.02 VENPESF, Horf o, M5 @ FAG MRS, N BTG R EELf W5 i Fl
BB R . W BI Fe ROV HI Shannon-Wiener $850TEA 7K i .

A A5 Bh 0y Rl B B 260 HT ( Cluster) FZ2 48 RUEZ /3 M (MDS) 5K A PRIMERG! 5 25 4 15 37 55
S Z 4T HT I FH LS X R 447 ( CCA ) 5 5 5 Excel #E4T3ERE S8 114047 HoAtb G 13155 F SPSS 16. 0, Seit4r#r
B 202 B0 ) A AR e o B i B B A T AR AL AR B O T B AT DL X o A 4 SR A R2 e, MDS 43 BT
Z UK A BN 1% MR 5 55 A0 bk A S5 e R ™ 1 DA K AR B R T 30PPT 1 8547
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2 ER55H
2.1 JKIRFEABFEAE

34 MFE UK IR AR A5V 1 | B KA A /ME
W2, pH (A EX9.72, TN f ik 22. 143 mg/L, h
FE ik 36.9 PPT, DO & /T 3.83—15.42 mg/
L, TP FK 4 3 7 5t 19 53 45 43 51 4 0. 043—1. 295
mg/L F10.005—0. 09 mg/L, HH TP 1 TN 195 K MH
KT E ZR b FAK T EARE V IEKARMEE, TN fe/ME
it 10 2K ARIEE . AR 56 I RO/ 5% (EPA)
G 5 R LA TN SRR R$E T ) ((Estuarine
and Coastal Marine Waters: Bioassessment and Biocriteria
Technical Guidance) )", £k BESE-(E MR | % Hb IX N 35
R (ERENT 0.05—5 PPT) /KK,

2.2 JKWESIYIRETE AL S 4

PHA LARAT 84 A KR ICAT TG B HESh ) 4 25 0T,
FET31164912 H41 FL70 J&, Hrh®dkahy 7 #
8 J& 18 A, B i R AR S ALl ; 311 s W 3 6
M1F4JE 6 F, ZEHN6 F; HFZHN L 10 8, B i
NG H 5 FL20 &, i H 10 B 19 &

EL R BT B 7 o R T 52. 4% , H
I ERTSGH B 43 5 B B 40 4 2 T RO 23% M
24% ARSI i AT ISR ITEN 21. 4% ; 2 BN IS
BN 7. 1% ;TN 11.9% . $IUE ( Chironomus )

S20
A

0 20 40km

L L

1 RERBMRERATEE

Fig. 1 Locations of Sampling sites in Dongying wetland

FIRER R U ( Glyptotendipes ) AR FEF (PLFEEE 73514 0. 0315 F10.0522)
34 A SRS HITEUN T 1—25 Z[1] ; Shannon-Wiener Z2 548 Margalef =F & FE 5 50F BI 845
A3 A5 3 BB 43 91 :0. 00—3. 58 ,0. 00—4. 09 F1 0. 00—8. 58 (3¢ 3) . FerfHAMEIW] (S5) FI R FIPE 11 (S10) A

KAERNERAShY)
*2 METEEILCE
Table 2 Statistical summary of environmental variables
Bt Environmental variables He/ME Min R AH Max -4 Mean FrifE2 SD
FRERE pH 7.11 9.72 7.60 1.57
R4 DO/ (mg/L) 3.83 15.42 8.13 2.80
B TP/ (mg/L) 0.043 1.295 0.182 0.260
B TN/ (mg/L) 0.755 22.143 4.181 3.910
HL 53 Conductivity/ (us/cm) 934 57100 6220 9961
4R Salinity/PPT 0.5 36.9 3.7 6.4
FKARAT I i petroleum/ ( mg/L) 0.005 0.090 0.026 0.020

YRl hAY Cluster F1 MDS (stress value=0. 15) Z5 53208 (& 2 FIE 3) |, WA A (S13) S AL A7 AH L
HRE/IN BT (S3) AL AT L 37 (S16) s AR DURE 5 R, ST PN 28 (S34) g H— I3 2, 341 (S11)
ERNE R (S22) A (S28) AH AT, LT, 813 FUREER 2 IR Tt oy ot D 1Y
JE;S3 5 S16 P A R AL B AR S W5 S34 HEAK FNTT/KAE Y 46, $8 O 1A B 7 4 G 3l P A 1R 8
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90. 6% ;S11 5 S22 . S28 A IS LA A 43 B AT

*3 BRERBSHZEHETH TNT, Shannon-Wiener ZHEEIEE H' . Margalef #1751 EE E5H D 70 BI #55
Table 3 The total taxa richness( TNT), Shannon-Wiener index (/') , Margalef index (D) and BI index of sampling sites

e WK BRI REE R MK s R S
Code FTHUINT  5ECH ¥ D " Code JEELINT SEH &% D "
S1 7 1.53 1.11 8.46 S18 4 1.43 1.14 6.00
S2 2 1.00 1.44 8.25 S19 5 2.07 0.76 5.71
S3 5 0.28 0.75 7.45 S20 3 1.55 0.48 5.00
S4 8 1.58 1.47 7.58 S21 12 2.48 2.63 6.02
S5 0 0 0 0 S22 6 0.87 0.88 8.06
S6 25 3.43 3.95 6.54 S23 12 2.18 2.03 6.31
S7 18 2.46 3.02 5.53 S24 7 2.00 1.84 6.66
S8 22 3.28 4.09 6.94 S25 4 1.42 1.21 6.67
S9 1 0.00 0.00 5.00 S26 4 1.54 0.82 7.47
S10 0 0 0 0 S27 18 3.20 3.47 7.17
S11 11 2.45 2.42 7.28 S28 2 0.65 0.65 8.58
S12 1 0.00 0.00 6.50 S29 13 0.42 1.68 5.06
S13 2 0.92 0.56 7.00 S30 16 2.27 2.30 7.36
S14 8 2.23 1.76 6.10 S31 18 3.58 3.47 7.33
S15 6 1.32 1.00 8.02 S32 6 0.99 1.44 7.89
S16 3 1.12 0.72 5.16 S33 7 2.30 1.61 7.64
S17 7 1.26 1.21 7.85 S34 11 1.83 1.67 7.32
2 F3J Group average
of 1
1 |
I [
20 [
2
E 40f
£
%
H |
= 60
=
80 [
100 e en CN g ISR AT IS TEANSY SR AR
7B 7 R R BN 7R T B AR B B B CR S  B

#55 Sampling sites

B2 RESMEEREE

Fig. 2 Cluster analysis of sampling sites

2.3 YRR BUREREE AR E R OE R

VIR L BRI BE AR 8 1Y Pearson AHCME T BN AR S 0 2 e B 5 508 (r=-0. 422, P=0.028) &
FHAHXE, 5 pH A (r=0.435, P=0.023) & 3 IEAHC; FAR S MR E 3 5 mAE 5 R (r=-0.395, P=
0.041) 2 WFE AR, 5 pH {H(r=0.565, P=0.002) S % FIEAH; FEEIILPITES TN(r=0.524,
P=0.005) % i E A pH (5 5432885050 (r=0. 450, P=0.019) 5 W E 1EAHE; TP 54 W5 bR AT fi]
A S s AK R A I B i 5 A P A IR JCAT o] 8 3 A O

T BRI AR T A SRR R I KL B0 ( Monte Carlo) ik , #351] pH {E TN FIEhJE 3 N8 T CCA ¥, CCA
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3 RS EEE R MDS fRF B
Fig. 3 MDS ordination of sampling sites
HEFP A (1 4) 0 AT RIS R ko P 0
0.2920 ;TN 555 T HliEAR X, #HOC R E0H 0.7291 ;pH Pl
B 5 1R EAR G, MO R ECh 0. 9172 £R 8 555 111 ;
WA MR R A R BN -0. 5867, AT 3 Al ARRNFAE m%A
R AEELAY 12, 18% , BEHIX 3 PRI X 1 RE e B¢ 43,
12. 18% WA S Wy e T 250 21k, 1 3 A HEP 3l 17
R 5 3R B 9 A 56 B 43 93K B 0. 8407 0. 9199 i [ %3(}9:? ™
0.7972 DLV ERe
’ . 127 2848 419 L1 15a
ME 4 o] LLE 5 K1 & (Aulodrilus Bretscher) 54 " 337(?3?8 s 223
(15) s P A K 2285 ( Limnodrilus claparedeianus) (16 13" i€ 75?5‘%%752962 >
FIEAE Rl sp ( Tubificidae sp) (19) 5 TN AYFHRMER K 06 558, 4?)33 Salinity
PEW) VA% ( Tylorrhynchus heterochaeta) (22) .22 B2 spl -1.0 1.0
( Polychaeta spl) (23) Ff i % J& ( Corophium) (26) 5 B4 B CCA M E

ERFE AR S ME R R IR 2 ( Bithynia fuchsiana) (1) (&
H W& ( Parafossarulus striatulus ) (2) , 22 K i 12

( Hippeutis cantori) (8) VG TR ( Stenothyra glabra) (10) F1EFF R BUR ( Eukierfferiella) (42) 5 pH {HHY
AR ; T TE KR ( Bellamya quadrata) (13) (BLFEFF K 22 05| ( Limnodrilus udekemianus) (18) | Parapoynx

Fig.4 CCA ordination of macroinvertebrates taxa

(47) . Platycnemis(54) .Sympeca(55)5 TN .pH {EFIEL EAR R FAH KL RD,
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