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Correlation between phytoplankton community patterns and environmental

factors in Harbin section of the Songhua River
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Abstract: The Songhua River, the largest tributary of the Heilongjiang River, flows through Jilin and Heilongjiang
province. The Harbin section of the Songhua River starts from the upstream of Zhu Shuntun and ends at the Dadingzi
Mountain in the lower reaches. It is an important water resource for industrial, agricultural and domestic use in Harbin city.
Recent years, the intensively anthropogenic activities have resulted in water pollution. The water quality and biodiversity of
Harbin section of the Songhua river has been attracted wide attention. At present, more and more studies focused on
phytoplankton diversity and community structure. However, the study on phytoplankton in Harbin section of the Songhua
River is still in its infancy. To explore the phytoplankton community structure and its relationship with environmental factors
in Harbin section of the Songhua River, multivariate statistical analysis was conducted in this study. All sampling sites of
Harbin section of the Songhua River were divided into two parts, sampling sites under intense human disturbance and other

less polluted sites. A total of 14 sampling sites, the phytoplankton community and 10 environmental parameters were
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investigated in the spring (April) , summer (July), and autumn ( October) of 2018. The spatial and temporal distribution
differences of phytoplankton community were analyzed by analysis of similarity ( ANOSIM ). The key species with
contribution to the spatio-temporal patterns were identified by similarity percentage ( SIMPER) analysis. Additionally, the
redundancy analysis (RDA) based on dominant species and 10 environmental variables revealed the ecological distribution
of phytoplankton community and identified main factors. The results showed that a total of 136 species of phytoplankton were
detected, including 15 dominant species. The species composition was dominated by Bacillariophyta and Chlorophyta
(76%) , followed by Cyanobacteria ( 12%), Cryptophyta (7% ) and others. Compared with the past 10 years, the
community structure belonging to Bacillariophyta-Chlorophyta was relatively stable. Among the three seasons, except for the
physical and chemical indicators of specific conductivity ( SpCond.), oxidation-reduction potential ( ORP) and total
phosphate (TP ), others were significant differences ( P<0.05). During the study, the abundance of phytoplankton in
Harbin section of the Songhua River was 7.92X 10°—21.76x 10° ind./L, and the average was 15.27x10° ind./L. The
independent sample t-test showed that there were significant differences in total nitrogen (TN), chemical oxygen demand
(COD,,,) and chemical oxygen demand ( BOD) among the sampling sites affected by human disturbance and other sites
(P<0.01). Additionally, there was significant difference of SpCond. at the 0.01 level in different sites, while other physical
indicators such as pH did not change greatly (P>0.05). ANOSIM and SIMPER analysis showed that seasonal changes and
human-induced disturbances in Site 4 to Site 7 had effects on the spatial and temporal patterns of phytoplankton community.
The spatial distribution of Cyanobacteria species was significantly affected by human activity. The results of RDA analysis
found that the distribution characteristics of phytoplankton were closely related to the spatio-temporal heterogeneity of water
environment. SpCond., TP, turbidity (Tur.) and pH were the key driving factors of phytoplankton community in Harbin

section of the Songhua River.

Key Words: Harbin section of the Songhua River; phytoplankton; community structure; environmental factors;
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TR Ve K AR S R GBI A 7, SR T B Y B B 3R IR A E S 5 58
BRGNP TR AN RE I Sl T, [RIFEAG AR v PR A A 21 (3L RE R A% 22 iy ThT A AT B 2
MRS PRI A REE 1 R S UM B RAAE 5 ) A 25 R G454 S D AR 5 DIAH G, JUREVE O A% Jo 22
BRI AR S R G AR ST AR A S R G D, Z UK ORI B BRI R
LR Bt 23 3 A R HAT — 2 B SR | BB S et AN [ 38 SR RS R KR AR 25 25 PERVE FRR DL . L, T2 30
FE O SRR S E SRR IR A DGR AT RBOK IR B R IR 1A AR

Wi NI B T BRI AL K A S R GRS Y s B IR Uk, T SR K Ay
PRAPFINA BN A S A A2 S TR SR SR I BRI AR I S AR 3 [ R B/ MK o 2 Bt 0 35 R R
Fag RS2 N5 QAR WIS 2 . FAAETT IR D AR DX 28 5% R i e 9 A 2 AR, (405 i X Kk
HRE AN AT 15K HE . R 2005 AFFAFETIOK TS Ye P )m AR AE VT A W) 2 R S A 25 R e IR 55 )
REE 2 AR BE RO . ARHE (2017 4F v [l A2 A5 PR A ) it , WAV H i J T e ¥ kT, i dak
HIV 245 VORI 309% LA 1" FAETLIA IR I BEAE Ry i JRIE T DXCAR > AR 1 K 9 R BRI 2 — 3 Ts
KHERC 35 e I A0 B R AR IR A A5 TS e © 0 A AE VK MUK (A R B R — 5 SR 07 . FAT, B Tk
e HE T R IR S 7K B 5C FR R B K AR AR AR DL, 18 R AR B BT © ) 12 T T 9T 39 K %
SEPOKAS RGN RIEA SR R RHIE SR R R T i O R BEAY, AT T KR
SRR X TV S S 3k T B RIS A A TR R

ABEFEXIHAAETTIG IR I B PR AR MUV 0 A M Sy AT RS, 22 T 205t 20, LR AR AE VTG 2R U5
%)

Berp Ui A YIS A S S5 K AR BRI R IR L DG &R, 0 SRS o0 A 1) 2 BRI X 7 AT R0, 2 — 20 P ik

http ; //www.ecologica.cn



226 £ A ¥ W 41 %

MR AR A RGP IR YRR R S IR N T RS 5 DG 2, D e [l i T 0 AR 25 R UK AR R WA v
IKIRFR T ) DR 5548 52 2 BERE T 0 e A P R v B Bt A 2 Ml

1 #MRERFE

1.1 CREESIEE

ATRFEAERSAE T IR UE BB 14 A RAE S, AR 1 BT, DA 30 SR 9 e D7 1y 280 ¥ R T3~ L. o )
STCARMITE ) (S2(BEH L) (S3(BHBHMERMT ) (S4(f[KH) S5(H5E) S6(f5 i) ST(7KP) ) S8 (=L
M) (SO(6UsHaRT) S10( AR K) (SITCRIR) SI2(E ) (S13 (8 1) (S14CR T L If) o 2351 T
2018 44 H (FZ) .8 H(HEZ) .10 H (B F) X ILBoKIRIEAT T 3 I ERE A, Hrp S4—S7 #0523
15K Tl 5 KBRS AR 6 3T o A A X e

1.2 HmRESBLERNETZ

1.2.1  IFIEA IR i R AR
S R i P 2SHVR I 1K M9 A T oo™ TR B 3—5 min, JHT 49 RS VAREREA T 12, S0 P 3
B BB B R
A RERE A LE KPR RIZ (29 0.5 m) ARB 1 L ACKE, RS R 52 O AW FE S 1.59% , 5 LU - e
50 mL, 7E 10x40 5 S M R I7 P A0 1 HSOHE HE A 36 5 AV 1B, b O34 e s B0 R s
SHHSSCIR T, FEATRE T MR A0 A U RS IR A
1.2.2 JKURBRAEFE BRI E
J12 280K % 53 B ( Hydrolab DSSX) 5K 4 7k 0 pToE

HL(WT)  pH % f# % (DO) | HL 5 3 ( SpCond. ) | I Ji N
(Tur.) G AGIE LA (ORP) %idls ; 5250 2 24h X
A(TN) G (TP) AL %5 (CODy, ) F1 T H AE 4k 2 SI07, ey
TEE(BOD,) AT , 2% G FOKFE R iR ME) & gg“m%g@4
(GB3838—2002) . 1
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TP LS i TR AT S| SIS
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AU B MR BRI, P AR RIS o | TR RRE RS T
AMARBCE 1 F 5 S0 EE =0.02 B R A3 Fig.1 Sampling sites in Harbin section of the Songhua River
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(CCA) FZHEBIR (RDA) M ZE4E. ANOSIM SHHT A SIMPER S)47 {11 Primer 5.0 #CPF5E . R w922 11
RV A2 A3 A BT Google earth A1 Arcmap 10.2 #R1F5ERE,

2 ERE5S

2.1 KAEREALEE bR
PAAETTIG JRIEBE 2018 4EF (B Rk = KKK A8 b S 90— Wi s AR R (R 1) . FFF1 DO
(9.22 mg/L) . T H ZFFkZ (5.82 mg/L H17.54 mg/L) (P<0.05) , pH AL IE FEI1E 7.24—8.32 Z |i]
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BZVY pH fei , A HAK, SpCond. ,ORP F1 TN R IFfE — AR B Hi AL, F-34 SpCond. ,ORP
FTN 23914 331.33 wS/em 401.63 mV Fl 1.13 mg/L, 284k 3 43 $ 7 278.93—427.87 uS/cm  384.07—
414.33 mVAF1 0.85—1.49 mg/L ZI[d], WT TP 1 COD,, SFLE Fh i , FkZ AR R, H WT 76 215 7] 28 1k
ZHF B E(P<0.05), FH WT TP F1 COD,, 43514 16.99 C .0.41 mg/L 1 5.97 mg/L, 24k 75 FEI{E 10.84—
25.82 °C .0.29—0.56 mg/L 1 4.85—7.03 mg/L Z[0], Tur.7E =22k 22 54 8 % (P<0.01) , 5 BOD, 24k
HUAREDL FETER E R, B R, =2 P4 Tur. y 41.72 NTU, -2 BOD, 4 3.63 mg/L, 284k 5 Fl 43 31
1 19.42—62.27 NTU #13.23—3.93 mg/L, MSZAEA ¢ KU F0H  76 3 A~Z75 Z ], BR SpCond. ,ORP Al TP #p
PIHRACSE bR, 20 Z M AETE 1 35 25 7 (P<0.05) , TEZS ] b, 32 BT 3 TP 52 i i FE 4505 HA AR il 2
0], FAEAKMAE FRRAS B TN ,COD,, A1 BOD 5 & 25 S5 8 3 (P<0.01) , IEAh, SpCond. & i 7EAS [R) A 5 [B] B
JEARA 35 (P<0.01) , T H AR /K AR BRAE bR an pH 4525 (A1 R P AR AN B i

FR1 BWITIRRER 2018 £/KIFERFITRIER

Table 1 Environmental variables in Harbin section of the Songhua River in 2018

TR A e 4% Spring H 7 Summer 7 Autumn
Environmental variables HARE S4—S7 K HAAE RS S4—ST7 HERT HARE SA—S7 BT
WT/C 14.00+1.95 15.05+0.83 26.68+0.84 23.68+0.85 10.47+1.85 11.78+1.26
DO/ (mg/L) 9.05£0.98 9.65+0.94 5.69+0.34 6.15+0.38 7.48+0.68 7.68+0.44
SpCond./ ( wS/cm) 268.04x13.18 827.43+96.02 210.32+38.27 479.38+34.44 223.96+17.18 416.35+144.25
pH 8.47+0.48 7.95+0.67 7.28+0.31 7.15£0.21 7.59+0.26 7.33£0.48
ORP/mv 407.06+26.21 432.50+12.34 405.10£30.90 410.00£21.24 386.30+31.80 378.50+25.86
Tur./NTU 18.63+3.49 21.40+1.88 44.22+6.32 41.63+6.48 60.33+£2.69 67.13+£10.06
TN/ (mg/L) 1.29£0.15 1.98+0.27 0.85+0.13 1.56+0.58 0.64+0.06 1.37£0.41
TP/ (mg/L) 0.16+0.02 0.93+0.36 0.35+0.18 1.09+0.33 0.15£0.03 0.65+0.31
COD,,/(mg/L) 5.02£1.04 8.53+1.63 6.60+1.32 8.11+1.86 4.19+0.54 6.50+2.40
BOD;/ (mg/L) 2.96+0.52 3.89+1.15 3.29+0.30 4.83+0.61 3.46+0.83 5.11£0.93

WT. /K Water temperature; DO ; ¥ fift % Dissolved oxygen; SpCond. : Hi F % Specific conductivity; ORP; %8 b if J5 Hi ¥ Oxidation-reduction
potential ; Tur. ; JiU% Turbidity ; TN ; & % Total nitrogen; TP : B Total phosphate; CODy,, : 6257 %\ & Chemical oxygen demand;BODs . 4= {b 75 & &

Biochemical oxygen demand

2.2 FHIFEYIREE A5
2.2.1 IR RIS A A

WG A VTG SR I B LA IR 7 171 55 J@ 136 A, b e TR S i 2, o 22 J& 60 Filh; i
BETIRZ, O 12 J8 33 Fh BESET] 11 08 20 s 4RE1T 4 J& 15 A HIET] 3 U8 4 B Bl ] 2 )& 3 R &80T 1
J& 1 Fl, Horh B 2R & T IR RS BOh = F s R 2 RIS B TR R (S4—ST) 11
TR 25 T 1 2R 2B i T HABAE AL (181 2)

LR 3 PE WA TR 15 M SR T 4 T 13 Jm. GEBETTAER BT AR S A0 Hg JE /N3 3 ( Cyclotella
meneghiniana ) \%Qﬁ%%?%(]\[itzschia palea) Nt E%'?%( Cryptomonas erosa ) YR E%'j'?%( Cryptomonas ovata) N
AR IAD ; S P 1] FE B 1) B U0 HFh 2 0 B BRK P 2=, A 4% /N R ( Chlorella vulgaris ) | it TE £ 4 3
(Ankistrodesmus falcatus) HRIE£T Yk i &7 5228 # ( Ankistrodesmus falcatus var. mirabilis) VU M ( Scenedesmus
quadricauda) AR PR EE ( Pseudanabaena limnetica ) FVH/INMAEREE ( Chroococcus minutus ) o AN ] B9 0
R EAEEE (Melosira granulata ) FNSEEET T B0 DU 52 358 ( Tetrastrum staurogeniaeforme ) W SE AN AE VLG R I BE ) 32
BHF(E2),

PR 2840 1 Mg e N AR B K = ZE 0L 3 S & AR SR b dwe i 3 45 B 43 5 o
0.214.0.114 F10.229, = [A)284k b, 52 A NS B TP A (S4—ST7) S ) AR e 1Y 2SR e = Z= 1
PO m T HABRE S (R 2) .
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Fig.2 The composition and distribution of phytoplankton taxa in Harbin section of the Songhua River
F2 RWIKRERZFHFEDREMRAEE
Table 2 The dominance of dominant species phytoplankton in Harbin section of the Songhua River
- # 2 Spring K7 Summer #ZE Autumn
Dominant species Fopls S4—87 HAb S4—87 Hoft S4—S7
R R A= = = =

k% (] Bacillariophyta
IR /NRHE Cyclotella meneghiniana 0.225 0.186 0.122 0.094 0.210 0.275
B RS2 Nitzschia palea 0.063 0.080 0.032 0.060 0.045 0.032
REFFFEE Synedra acus — 0.021 — 0.032 0.020 0.044
LRI IZE B Surirella linearis 0.036 0.025 — — — —
FEHN EFT#E Asterionella formosa 0.048 0.060 — — —
WkE EL4%E 3 Melosira granulata — — 0.022 — 0.020 0.028
£¢3%17] Chlorophyta
JNER#EE Chlorella vulgaris — — 0.021 0.038 0.022 0.045
HRIZ LT HEE Ankistrodesmus falcatus — — 0.020 0.032 0.020 0.026
IV L7 4L 2T AL RN Ankistrodesmus falcatus var. mirabilis — — 0.027 — 0.024 —
DU EAIE Scenedesmus quadricauda — — 0.022 0.042 0.026 0.030
SN VY ¥ Tetrastrum staurogeniaeforme — 0.022 — — 0.020 0.026
JEHE] Cyanophyta
WAL NESE Pseudanabaena limnetica — 0.025 0.031 0.124 0.022 0.081
TM/INAEREE Chroococcus minutus — — 0.023 0.047 — 0.031
[E31] Cryptophyta
WGBS Cryptomonas erosa 0.022 0.020 — 0.040 0.021 0.025
YHIE B3 Cryptomonas ovata 0.024 — — 0.032 0.022 0.024

“ " RN TEFEA AT T UEA SRR AR 25 IR IR R B

222 TR EEA L

WEFEIAE] BB VMG IR BT A F B 0 25 A (bR L 2T > H B> BRI, = F 0F B
7.92x10°—21.76x10°4/L Z [ 284k S F 3 R 15.27x10°4 /LB 3) . Hrh fk a0 2 F R B, i 1.55%
10°4/L, B AL IEREITE 0.27x10°—7.23x10° /L Z[H) s E 22k Z PR 1.15x10°4>/L, 22 AL FEITE 0.51%
10°—3.22x10°4/L Z [ ; HZ R4 3 B A%, 0 0.57x10°4>/L, 284635 B AE 0.25%x10°—1.15% 10°4/L 2
6], IRIEA I REVE £ AREBE TSR BE 1 3 AT STlRIE WA P BRI B 76% , L UCH BT (12%) (B
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Fig.3  Spatial and temporal variations of phytoplankton abundance ( ind./L) and relative abundance in Harbin section of the

Songhua River
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DCA 3Bl R WIHE Pl B AR BE B B2 o 0.969 , 1T ZR PERT R RDA RE 57 45 1) i REAS UCHE T 431
RDA HEF o & R s (P 4) 55— HEFP AN SR —HE R 3l SRS T 79.3% 1 89.5% W 1T tH M v 5 90 5
N6 R AR, Ul URHE S 0T B MU B 1 RS SRR I G 2R

fiF Monte Carlo B35S 56 Xof 52 Wi 15 Ji A0 490 R v 3808 ) P 2 22 A L0 A O i, 45 SR 3R 1, SpCond.
(F=25.24, P=0.002) .TP(F =2.855, P=0.002) ,pH(F =6.091, P=0.004) ,Tur.(F =8.702, P=0.012) 25
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3.1 AMETLRG R IE B RE TS 6 SR 81k

TR RE I REVE 03 AT RAAE SRR G DR 7 S B B 00 AR A7 SR OC 2R 5 010, AN [ 2273 [ i 3 N 7K SC A8 AR s
I, PRI AR PR T 23 VR A R AL T AR5 A 7 1 A 25 P A, NP A I IR 25 TR AL HOGRE ) B FRER I
R R R T B R A5 R A ML P 2 2 iz 7 P B R TR TR P PR RO R A B, DR e /N 1 ok
ST O RESE R B TR SRR AR T R AVIRIR M B A HHR RS W R R e B
ZoYT (b 4l T A R T R RE TR KRR R R R R E K FE R S B A A W AE
VLIAZ R 22 WA, 25019 [ K PR R A5 AR I 2, AR URBIFSE v, B WA P A 7 1 B 25 28 A 2 0N R
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BT TSI 2T e /NERSFEET T AT Ml £ U2 3 S5 D AP IR, Sommer 412 HY 1) 757 105 25 49 2 55 P 5 R A
Al ( Plankton Ecology Group, PEG) AR, HViE S /K ke 18 W AR 2= IR 03 . REE IR RIHERS | PRUFAE )
TR [r) T 25 830 1T o P PO SR 2T TR PA AR VT JK i BV Ui R ) B 10 T R L R A o 1 SR s Al 1 5
PEG BRI &

WA ZEZE PRI (River Continuum Concept, RCC) AR 8 353 oA WL F T Y 3 S 2 e 2 1T
T S S — 5 14 25 (R R, e 22 3 A R Sk B AN Vil BRI . 28 ANOSIM 43T 2B
WFFE I 32 NG 3 TP o W (1 S4—S7 #F 5 HA AR G2 8], 305 9 1) b 28 25 8] 43 A AR 22 S o 35
(P<0.05) , HA I ) &P A A 25 18] 3 AR AESE AR E (P>0.05) o Sl {5 K HERICHT Sk 1) s s G AT I35 4
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