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Community structure of benthic macroinvertebrates and
water quality assessment in the Songhua River, China
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Abstract; [ Aim] As one of the oldest industrial bases in China, the Songhua River has been seriously damaged, and environmental
protection is facing huge challenges. Therefore, it is urgent to carry out studies on water quality and the diversity of benthic macroin-
vertebrates. [ Method] In July 2016, the macroinvertebrate communities in the Songhua River were investigated, together with the
water quality indicators and biological indices. Furthermore, the relationship between community structure and environmental factors
was analyzed by redundancy analysis. [ Results] Three stream segments of the Songhua River showed different environment gradi-
ents. Based on the single factor water quality assessment, the southern Songhua River was in moderate pollution and the water in the
northern Songhua River was not seriously polluted. The water quality of a tributary branch, the Wutong River had the best water
quality. The geographical distribution of benthic macroinvertebrates varied greatly in the different zones. The species diversity of the
Wutong River was the highest, followed by the northern Songhua River, and it was the lowest in the southern Songhua River. The re-
dundancy analysis (RDA) showed that dissolved oxygen (DO) and potassium (K) concentrations were the leading factors driving
the patterns of benthic macroinvertebrates communities. Based on two biological indices, all three stream segments in the Songhua
River were slightly polluted. [ Conclusion] The water of the Songhua River had light-to-moderate pollution levels. Furthermore, or-
ganic pollution was the main environmental problem, which influenced the benthic macroinvertebrate communities. Therefore, further
efforts should be made to control the input of organic pollution in order to keep acceptable water quality in the Songhua River.
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Fig.1 Sampling sites along the Songhua River, China
SHIJ : ALIEAAAETT ; DSHY : B IRAAETT ; WTH : AR AT
SHJ: Northern section of the Songhua River; DSHJ: Southern section
of the Songhua River; WTH: Wutong River.
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Table 1 Results of Mann-Whitney U test based on environmental variations between the study regions of the Songhua River, China

p i p value

R
Sampling site Chla  EC DS pH ORP DO T N TP NO;-N  COD  NH,-N
SHJ-DSH]J 005 050 054 007 00l 054 003 000 000 000 003 0.0
SHJ-WTH 0.00 000 000 008 000 005 00l 000 000 000 044 042
DSHJ-WTH 003 000 000 041 000 010 095 000 056 000 010 0.0l
SRR p {8 p value
Sampling site SRP K Ca Na Mg Cr Mn Fe Cu Zn As Pb
SHJ-DSH]J 000 004 041 002 096 092 000 08 003 00l 011 068
SHJ-WTH 000 000 00l 000 000 008 00 021 032 008 042 002
DSHJ-WTH 000 000 00l 00l 000 024 091 013 08 08 072 008

SHI: ALIEFAETL ; DSHY « B IEFA AL ; WTH BT

SHJ: Northern section of the Songhua River; DSHJ: Southern section of the Songhua River; WTH: Wutong River.
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Fig.2 Results of non-metric multi-dimensional scaling ordination
(NMDS) based on the Euclidean distance of environmental
variables at each sampling site ( Stress=0.08)
SHJ : JLIEAATETT. s DSHI - B IEAAAE VT ; WTH - FE AT
SHJ: Northern section of the Songhua River; DSHJ: Southern section
of the Songhua River; WTH: Wutong River.
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(5 %) (F 4), XTIRMSIYIIE a- 2R 8L
THES R KR AR (9 ) b 22 R 1 B i, AL IR AN AE
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F2 BEFKRTEMEEIETRER
Table 2 Water quality evaluation by single factor and main pollution indicators
Ty eS| bR Szt . KB beE S iEtan r KB bR Szt
s Wat alit Pollution s Water qualit Pollution U Water qualit Pollution
Sampling site ater qualtty . Sampling site L \ 1 Sampling site P quatly .

classification indicator classification indicator classification indicator
SHJO1 Y COD SHJ12 m NH,-N DSHJ05 i} COD
SHJ02 Y COD SHJ13 \ NH,-N DSHJ06 | Cu
SHJ03 \Y (6(0)0] SHJ14 I NH,-N DSHJ07 v NH,-N
SHJ04 v COD SHJ15 m NH,-N DSHJ08 v COD
SHJ05 \Y COD SHJ16 I NH,-N DSHJ09 £V COD
SHJ06 I NH,-N SHJ17 I NH,-N WTHO1 i} COD
SHJO07 ] NH,-N SHJ18 ] NH,-N WTHO02 ] COD
SHJ08 | NH,-N DSHJO1 i} COD WTHO3 I NH,-N
SHJ09 | NH,-N DSHJ02 v COD WTHO4 Y COD
SHJ10 I NH,-N DSHJ03 I Cu WTHO5 1 NH,-N
SHJ11 5V NH,-N DSHJ04 5V COD WTHO6 1 NH,-N

SHJ . dLTEFAAETT ;s DSHJ ﬁ/ﬁ*’l}%{T. WTH:%/HE‘Hﬂo

SHJ: Northern section of the Songhua River; DSHJ: Southern section of the Songhua River; WTH: Wutong River.

JE AV B0 W D 3 b A A A8 VL e B R A A [] 1)
PO, ACIRAATETTA 5 BOLEDF, 2350k 1 Fh
KA R (B YE R Gomphus sp.) F1 4 FhEAK 5 %)
(|5 T ¥k B Nodularia douglasiae . 3 Y2 J& Radix
sp. BIEVIL S VAW Semisulcospira amurensis . <t H
Y2 Viviparus chui) ; FEUEFAAEITILA 4 FhOE SR 3
Y A 4Gk A B R (Wi SR ) BRIR S (D IR
J&) W5 s (/N ER Palaemonetes sinen-
sis) MR BN (A 4E Erpobdella japonica) £ 1 Fli;
FEARTTAT 3 R CHIRA S, 7301 1 Aok Az B
(HiBER ) 71 2 FPARAA S (BT BSR4 JL
) b HEE R SR 3 AN B i O B 3
Yy 5 AR N R A 2 B TR A VT I R A R ARG
HF(EK4)

2.3 KREVIBHITMER

FIIH 2 FAz P46 B FAAE VT I 38 3 ATl Bk
AT AP, 5 R R 3 A BOK s 4h TR
FEVGYORAS . Horh JUIEAA ALV | Fa IR AR AE VT RN AR
HRVA] 3 AT L ASPT 85022 A K, 43518 5.86
5.55 #15.89;{H BPI fF1E—E 122 5% , A5 Y BPI
(0.19) B ik T Hofth 2 4T B (0.33 F10.38) , i 7]
AR b IR AE VTR B Y5 A A6 YT i 52 35 Y% 1
WIS RSB H A X 5 %, PR3 Fh i G it 25
F(FR 4) WUESE 73X — a5, WAC PR A AL TLFN R A
FEATHER R B T 05 Yo K AR ) FR R P Fh A g, S Aok
B B 7K BRI e b, AL TEASAAE VTR 2, B A
PAAETTIK it 2% .
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mﬂgé Fig.4 Distribution ( Venn diagram) of benthic
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Fig3 Heat map showing the abundance of benthic macroinvertebrates SHJ . Northern section of the Songhua River; DSHJ: Southern section

at 33 sampling sites along the Songhua River, China of the Songhua River; WTH: Wutong River. The numbers outside

SH];jlﬁ?ﬁ*’&ﬂg‘(r;DSE'U;T‘ﬁ'{ﬁ*’[ﬂk‘{\T;WTH;*ﬁ*ﬁ]‘{qo brackets indicate the number of benthic macroinvertebrate species

Sp FRIRMBI RN,

SHJ: Northern section of the Songhua River; DSHJ: Southern
section of the Songhua River; WTH; Wutong River. species in the recorded 18 species from all sampling sites.

Sp indicates various benthic macroinvertebrate species.

R3 MITRE 3 MARIRESMEE YT SRR

Table 3 Biodiversity indices of the benthic macroinvertebrate communities in the Songhua River, China

macroinvertebrate species in three

detected, while the percentage describes the proportion of

STRE LY/Ly Ry HEYFRE Margalef 3= & i Pielou’s ¥5] T ARTEEL Simposon A= W48 4L
RAE ) L - - ) X o
Samoline sit Total species Total individuals Margalef richness ~ Pielou’s evenness Shannon-Wiener  Simposon biological

ampiing stie (S) (N) (d) ) diveristy (H) index (D)
SHJ 3.00 18.50 0.69 0.60 0.72 0.44

DSHJ 2.44 13.33 0.48 0.44 0.52 0.31
WTH 3.50 25.50 0.86 0.61 0.79 0.50

SHJ . dLTFEFAAETT ; DSHJ ﬁlﬁ*’&ﬂiﬁ, WTH:%/HE‘Hﬂo
SHJ: Northern section of the Songhua River; DSHJ: Southern section of the Songhua River; WTH; Wutong River.

R4 WMTTRE 3 MARKRENMRBEFZEITR

Table 4 Summary of the dominant species of three segments in the Songhua River, China

LB LB LB
YIR Species Relative abundance| YIF Species Relative abundance| YIF Species Relative abundance
SHJ DSHJ WTH SHJ DSHJ WTH SHJ DSHJ WTH
AL 0.00 0.00 0.00 || £ HL [ 2 0.00 0.00 0.00| Z<dtHR Viviparus chui ~ 0.10 0.00 0.27
Cheumatopsyche brevilineata Cipangopaludina ussuriensis
FEWCR} Chironomidae 0.00 0.00 0.00 || IN¥i Corbicula nitens 0.00 0.00 0.00 || #94F Gammarus salinus 0.00 0.01 0.00
HiE IR Gomphus sp. 0.02 0.02 0.04 | =AMLk 0.00 0.00 0.00 || Z4HKIF 0.00 0.01 0.00
Hyriopsis cumingii Neocaridina denticulate
L1WENY Labidura riparia 0.00 0.00 0.00 || [5T5 %k & 0.05 0.00 0.00| HAE/NEREFIR 0.00 0.08 0.00
Nodularia douglasiae Palaemonetes sinensts
piRlipid =3 0.00 0.00 0.00 || % MR Radix sp. 0.12 0.18 0.00 || T8 15 IF 0.00 0.00 0.00
Potamanthus luteus Alboglossiphonia lata
i ] [5] F R 0.00 0.00 0.00 || 2 JpyT % 0.08 0.00 0.31| {115 Erpobdella japonica  0.01 0.03 0.00
Cipangopaludina chinensis Semisulcospira amurensis

SHJ : JLIEARALTT s DSHI : B IEAAAEYT s WTH  ARAT , KL A B 2R AT s W 7E i BOR A (L HE>0.02) .
SHJ: Northern section of the Songhua River; DSHJ: Southern section of the Songhua River; WTH: Wutong River. The bold values indicated
dominant species (the dominance index was over 0.02).
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Fig.5 Biplots of sampling sites and environmental factors (A) and benthic macroinvertebrates and

environmental factors (B) based on RDA ordination
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