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Study on phytoplankton functional group succession and driving parameters in

the Jinhewan Urban Wetland

FAN Xiaochen, DAI Cunfang, LU Xinxin, FAN Yawen "
College of Life Science and Technology, Harbin Normal University, Harbin 150025, China

Abstract; The Jinhewan Wetland is located in northeastern China, and plays an important role in protecting the biodiversity
and regulating the microclimate in Harbin City. Although phytoplankton community studies on wetlands from northern China
have increased recently, studies of the phytoplankton community in the Jinhewan Wetland are limited. To better understand
processes of phytoplankton community succession in relation to environmental parameters, a detailed survey of phytoplankton
functional groups in spring, summer, and autumn are necessary. Therefore, we studied the phytoplankton functional groups
and 10 environmental parameters during spring (May) , summer ( August) , and autumn (July). The aim of this study was
to understand the succession process of phytoplankton functional groups between seasons, and furthermore explore the
dynamic parameters in the Jinhewan Wetland. In this study, phytoplankton were qualitatively and quantitatively collected
from 12 sampling sites in four typical habitats. A total of 376 phytoplankton species were identified, belonging to 8 families,
10 classes, 19 orders, 19 families, and 101 genera. The phytoplankton species composition was dominated by
Bacillariophyta (39.62% ) and Chlorophyta (35.64% ), followed by Euglenophyta (10.11%) and Cyanobacteria (9.
84%) , and the proportions of Pyrrophyta, Cryptophyta, Chrysophyta, and Xanthophyceae were relatively low. Our study
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showed that the average abundance of phytoplankton in the Jinhewan Wetland was significantly different ( P<0.05). The
average abundance in summer was the highest (12.90 x 10° ind/L) , followed by autumn (5.95 x 10° ind/L) , and spring
(2.55 x 10° ind/L). The range of change was 0.97—14.83 x 106 ind/L, ranging between 0.47—30.17 x 10°, 5.95 x
10°, and 2.55 X 10° ind/L, respectively. We arranged phytoplankion taxa data from spring, summer, and autumn into 20
functional groups. Groups B/D/F/H1/]/MP/S2/X1 were predominant in spring, groups B/D/H1/Lo/S1/S2/SN/MP/Y
were predominant in summer, and groups B/D/F/H1/]J/MP/S2/X1 were predominant in autumn. A two-way ANOVA and
single-factor cross-similarity test ( one-way ANOSIM ) showed that there were significant differences in representative
functional groups between spring, summer, and autumn (P<0.05), the representative functional group succession was
obvious (P<0.05), and functional group assemblages were significantly different (P<0.01). In addition, a SIMPER
analysis indicated that the primary contributing phytoplankton functional groups were S2/H1/B/D/Lo/X1/MP in the
Jinhewan Wetland. A Canonical Correspondence Analysis ( CCA ) based on representative functional groups of 10
environmental variables revealed that total nitrogen (TN) was the primary factor affecting the phytoplankton functional group
succession in this wetland, and conductivity ( SpCond) and pH were closely related to phytoplankton functional group

distribution.

Key Words:; Jinhewan Wetland; Phytoplankton; Functional groups; Succession; Driving factors
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Fig.1 Map and sampling sites in Jin Hewan wetland
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Fig.2 The composition of phytoplankton taxa in Jin Hewan Fig.3 The abundance of phytoplankton in Jin Hewan wetland
wetland sites
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Table 1 Representative species ( genera) of phytoplankton functional groups in Jin Hewan wetland

TREAERE fREEMEEEM (R) iiif 521 B
Groups Genus/Species Represent in the groups Tolerance Sensitive
B INASETR Cyelotella Kiitz. o pH T RETRELZ JKIAs)Z
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Lo EERBEE Chroococcus Niig. B R KSR R RS
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LM HH B Gymnodinium aeruginosum AR AR 75 B KRR A MG
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P F BB Stawrastrum Meyen Fp R B A AR HERIMEC B 75 KIS Z RETCR =
UKL B 55 3 Melosira granulata
S1 B8 Oedogonium Link AR A IR )
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W1 BREE Euglena sp. TR A E HErEH
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INRERME ) FEARWAGTH, R0 4) 12 MU FEThRERRE, 2094 B/D/F/H1/]/Lo/MP/SN/S1/S2/X1/Y
HERFYENEEREA 74,035 B/D/HL/ Lo/MP/X1/Y ; BB FESHEERTER 9 4, 43910 B/D/H1/ Lo/
S1/S2/SN/MP/Y ; Bk AR RNE T RESSRELL 8 4>, 20514 B/D/F/H1/J/MP/S2/X1 (L 5)
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Fig.5 Relative abundance of representative functional groups in different sites
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JEEITE 7.40—9.82 ZJA], Mk (TP) M MNEFFNF T TR, F1 K 0.19 me/L, 254k 10 FI7E 0.08—
0.36 mg /L Z[0], M2t a(Chl-a) FIWE H 19.82ug/L, AL B 1E 5.98—39.77 we/L Z [0, #tE
(DO) LB 5 HLAL (ORP) N BE (Tur) 22 BLBEE & E Bk =R HERS B W7 T i B, 724 DO ORP F1
Tur 535124 7.42 mg/L 344.28 U/mV Fl1 14.06 NTU, ZE b5 73 BI7E 5.15—10.51 mg/L,173.00—548.00 U/mV
12.30—38.50 NTU zZ[a], A (TN) Aifb2AT A (COD) M AE T iR, B B R, SF1 TN fi1 coD
5390 0.99 mg/L 1 21.81 mg/L, B4k Fl 43 HI7E 0.13—2.00 mg/L Al 7.00—35.00 mg/L Z[d],

R3 SUEEMINERBREBEENNART (FT) XXAUES T
Table 3 One-way crossed ANOSIM for testing the season on phytoplankton functional groups in Jin Hewan Wetland

& BES 4 ] 2 5+ K F R TTER I AR A

Seasons Global test R Pairwise test R P value Main contribute groups
0.384

#HZ+H 7 Spring + Aummer 0.5 0.001 $2/X1/B/D/Lo/HI

B+ ZE Spring + Autumn 0.335 0.001 X1/H1/B/D/S2/Lo

B %+ % Summer + Autumn 0.303 0.005 S2/H1/B/D/Lo/X1/MP

2.4 IFIFREY) D RESS R E R 1 B ) (A 1
X4 VS WT pH  SpCond \DO ,ORP ,Tur Chl-a TP TN F1 COD 3t 10 FpEfkEAs

w5 R REI
BT HER M7 , S48 4 T TS IR I e SR A 27 [A) AN as i) L A9 40 A B , TR R UK 3h T AE 28 B B 1) 32 2234
Bkt BRI REE BT H AT (DCA ), DCA 25 5 58 7% HE P Sl i K6 B8 K (M 6.466 , A I &
T LI AR TR f) B G R A AT (CCA) |, AT B A A9 23 AT 40 VT T 08 b V2 T AL 4 D) RE B O o) 25 A A, 25 2R
YR, CCA HEFFSh 1 Akl 2 AOEREE 2 51 0.738 F1 0.512, T REZEBE 5 PR 5 725 40 56 R BGA %) 0.955 i 0.
878, B U™ HE 7 i LA B 88.5% 11 ST FP IS IREE AR i H 4 He . UEHAARIR CCA HEF 45 AT 58 | LA S e 1 A
FEIAIE] A VS IR AR RN E DI BB SR AR R Z RIS R, SRR RIEKE:, TN pH 1 SpCond 5 17 i
YD RES R 25 h AR R E VI (K 6)

1.0 1.0

S\ S\
B B
< <

-1.0 -1.0
A BERER - WBER & FIHENBHRAER ¢ ATRHREER
O ZFERHES X REHHE O MRANBHRMER X IHRERHE
O HMFERFER O WEFEBH RN > B

6 RF{MZFHEMINEXRFESHETEN CCA 517

Fig.6 CCA of representative functional groups and environmental variables in Jin Hewan wetland
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Eild 38 &

3 e

3.1 IR D RE S R AR

TR P D RE SRR R 2R /K S SRR R e SR (T A4S A IS W R AIE BV LA L5 57
AR IR IR D BRERFRAE 7 LA 15k 8 36 S5 A0 AR A 4t SR> 3 2 IR 38 L ] e o 2 V7 i AR 4 %o L
FE AR FRBE I BE B ML, BOR T A A /K PR EE rp AR A7 B T 2 ) PR AR R R

STV AR M PR A ) DD REZE R RRAE S, R R0 B (Mg Je /NI e ) /X1 (BRIE L 4 ) 8 N H 5
S2 (MRTREFE ) /Lo (P23 ) /SN ( hAE/NRSLHE ) | e e SRk 2R 1Y HI OK AR 2235 ) /B (VNI EEJE ) Tt . &l
VS T Ml A 2 SR R VR B AR T A v, 't SR BE R K AR B2 AR X AR (23°C ), DRSS HE B AR AN /N IR
J& , AR BE AT VR M ) B SRR RUKAR I 32 S5 550 AR . S UL IR B 28 N SR IR A
FIF AR A0 s/v HUE, R B S il Y ae 71, B I 7 B RO IR AR M A8 R A9 SE S flL #.
S2 ST I MR e i o0 B ZR 2 X FA FI I IS D 2 B K AR IR R v 2 EL S b (9 /K (A v XYl 3 e
RO, B V4K 29.3°C , 34 pH (E 9.1, FLIIIA AR Hb 32 TR /K0T 300 I sl 2 i /0N, Sk bR i 2 i 2
KA TIE R A5, B 2R WAl ) AR B IR T /K AR TR R 1 CO, % pH TR B HEAE FH , 3 28 i i O
() B ZRBEXT KR pH THE U, IX T RE R B 2R HETE = R S5 3E Iy rp b T ARG 25 34 R P 22— T S2 2R (IR
EHE) A T E R HIEHE, H1 SR (B AR 3 KRR 22350 ) 38 5 38 B AR AR B R KO3 i K A | T
AT TR A2 AR A S A A EY . —LBFgEd i K N P B3RS | KAk 2298 (H1 258E) i i 5y 4 B
P14 T 25 0 SR AL w2 2 R AR RSO T , DTG 2 1 B 2 A T A i 30 0 o 200 YT 5 A T 5 3 e 7 A A
R ENEZE DB A T G F TSR (p<0.05) , B HAR M E IR &8 T, HI 288 BRI X =F
FERAR, B T AR IR AR 00 NP e AR S AR IT Gl — e L, BT Rk E SRR T HL 25RE
(kAR 22388 ) TR SRR ST, O AR A X R SHE . ALY B SR (/NI B8 ) Bl A B KA IR B
K pH FEASARLE T 1 2L S5 b

WATAT 375 50 35 7 AR ) S BE SR BT, 2R DL X1/B/D AR I E R B, HAR S Fh 2 I £ 4 g
Je/NREE RGEIE iR . B AR S2/B/H1 RSP IR e i KR 2238, S2/H1 JERE TR AT 1 38 hy s
IR, BRI ARAE R KRS B R KR (28.4 °C) & TN &= RE% (0.15 mg/L) (75 15 5% 1 1% i
FE) (R e KRR 22358 TEREVE P T R AR KRB, B KR R AR, K AR 35 ER VR B TH 0, B (/NI 3
J& ) /X1 (BT A4 ) A0 T J B R AR KRBT TR Horh BONABE)R ) o 3 20 LSRR, /1N
INEEJE R ( Cyclotella sp.) HA B3 GRE S, L rT LIEA T RAFIC AR AL H SR K 2.

MBI Y D RE AL R R IE 2= D/MP/Y , 22 MP/Y/S1/D, %2 MP/D/B , i i
i D(EREIR ) /MP (FHEBE 7238 ) Az KR b — B TR, TEF R R A A KA
OB AT | it Z RS D RE SR A KL, T LA D/MP AT 3 A Z BE VR PR IB M D) RERBE R AL St ir
Y A (M B ) REAS R HE B A K R R Bl 3 N T A R KR ARG IR B B ZR VR KR R mk ik ke
R B Z AR SR R e RIS SRR R B AR 3 B FR R A5 R, D/MP/ Y — B A A
Fr AR /N A 2 A S IR A A — e R L PR T AR AR A A K I D/MP/Y ZEER
B85 3 8 R AR A7 25 (] 5 4 P b T2 X B3, i DLIZ 28 R e b = B BE AR AR, D b e i

MATIRHRTF , P 2 B /2 D, 52 B/D, B I/B/F, FEARHABER N D FF5E)R
ZIVHIR) /B (MJE/NAEE) o B/D ZBEI B 20T i 32 A A3 sl 3 il e i 6k 2 LUK A il T F 285
ST T A2 AR AR A B FR K IR O A T AT 1 B9 B K, KA i R A /N, K AR 2 AR T 4 s
B IRIREFRERIKT Ry 4 FoKAREAR, It Dy BB 1 S R Re e AN B . PRI AB P P2 3 8 A LTI
TR 5 b ] AT 0 B S R AT

TEARRBEGE T, T UK K RS R 24 AR RIS A e i s AR AR A S B . VR A A 2 s T D RE S
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TR L AR, B 1 Yl V5 V0 b 7 VA A A T 5 P Xt 21 ) PR B A A I MR 1, 6 T e T v 5 A TR 1 2
REZRHEAN S2/H1/B/D/Lo/X1/MP , AT # ok 4 nT V5 0 1 2545 (] /K AR AR AR AL I HE /R SR
3.2 TRURAEY) DI RE SR 15 e A

TEIEAE P (A A A RN 52 Z Fh A5 AR S L RIVE A, Qi G 3Rk & i (A ) 45 TE AN R PR A8
SRBN, vl IR D RE A R AR A AR Y AE CCA HEFE B R SRR ST HE T S A 1
TRBL T I2RE s P T R A B R S O B A B 4 i Py A R T AR R T VS T A [ T A B
SRAESIR A CCA HEF 5/ A FRE B 0, SEAS S e 1 V7 e AE 40 D) B8 S B 76 VRS o Bt v S R AR i A A
2T A B 7

TN SE PG TR A & 5 TR B Z 8 Ar M TR A ) A AR Tl I R T R 22—, MoKk TN
i I A, T 2 B R B W) T TR A T R B G BRI R TR AR S A], S TS VR TN
FrEAE 0.12—2.00 mg/L Z [A12540 , e/ IME H BU7E L MmN AR . WO R, A B B A S Bk, %%
1 A T A T 4 T VS b R K A SR R R B A AR 32 ok AR T I v A s S SR S R R A, T
W2 K M R A K 1 H1/S2/ Lo W S ([ 20 R e /K A £ R i SO S 5 ) X B e /e L
by — e 5E AR EIAARI 2516 Y 5B BT LARE A AR & AR AR HL A 3 b, — O i 5 [ 5 A PR AR A
5%, IR A I SERI S E SRR RTRE ST, 53— 5 R G B A 2B R AR A G, 15 e R
FI B RO AR, e e A S ORI R IR AR K b R S5 e A B A B A AR P A 6, A<
BT ER AN AG T I RE S, DA 388 G 1 I 2 i ol BRUR 2R 0, 00 7 7 2R e I 1) 5 2R K IR Hp Ak T 1 4
B2 JEE XL/)/F/BAREEN B TN 2 5 i T i =2 B L TR 3, I ELSCA 75 Bk 2 Tl 0 R 11 Y
TR AKEE (B 6) , HEMIYER BKPIZE TN S X A K R RS v, X B S« e Al vl 7 W R
e SRR T A v v B I B SRRt T LA T A 1 9 A M e R e g Y R PR [ ik
JE TN 385, ST A AR R B REERE A A2, 53 A, AU v R0 LU 0 45 B2 230 W) 7 U ol A0 R B 197 %
TR BEAEOT , TRIFRLY N 8 37 3R A BOR FH R BGSAE N/P HE 16 2 1 1 Redfield 28, 400 1L
KF 161 B, FICABEIRS] 0 NP ANF 161 0, R EBRE Y F B 2000, £ R i 7 2 AU R
5.96 )& T ARSI . P, 38 X AR TN B s A I8, R RT 40 Vel 2 0l b 5 D0 AV A0 A s Vi A 31— 1 PR )
YEH,

SpCond J& 5 7K A PR IEARL ) A K 3 VAR DG R PR AR o, 8 S WK IR & 8 SR R B I T B AR FR AR 2
— LB F RIS AR RK S R B A SRR 2 IR G 8 K AR Sl v B R, W) SpCond AR RS
IT], VY SpCond FA{E R 208 ws/em , 7E PUFPAS [ 5 () 1 SpCond 22 57 18 3 (p<0.05) , CCA HE
JFER7R ,D/MP/Y/S1 4341 5 SpCond & it A8 A% U], I B SpCond Fhmr, FFE LAy # X L ) he
R FBAE TR K R T R B i A (1] 6b) o TR K AR08, A R a4 HOK IR B 5 52 1 ot 72
JE ANSZ AT v A RN S B2 I T DA TR PRI MBS 35 SpCond Fe g A 385 ws/em, /KAAH SpCond Y 11K, 7E
—EFEPE b2 L FRER R BE K TR PRIB K R A SpCond P B %5 FH X 45 8 A 7 FR R & |, D
X SRR I = MU B R A SR A A e TR R TR A AR IR SR Sy RS PR A K A
JERB AR, P L T it 32 TGS 0 S1/Y ZRBEAE S 28R 96 T A e 34> . 2&43#r, B SpCond 7254k
FIT S WIS S Al v B A Rl AR, 5200 T VPRI e D/MP/Y /ST 2B BRI A TR RN A0 Al . X S 7EMG
JRUE R 26 BE 1 55— Yk Tl s ( IR 2 el b ) A 9 45t 46— 207 L pH ST BEIE AR S 0 fi % )
AR, o R — SRk TRIE Y CCA HEF R, MP/B 2585 pH S IUGA 6, 258 MP (SHE IR ) H#5
Bl R, JSEHE B XF pH Fhim AU, S 1R UK pH 8 7.40—9.82 Z [i], ¥I{H 8.78, AR,
It MP/B ZEBFFEIREEE W M P A T4 3, H1/J ZRBETEHET Sl b R0 pH IEAHDC R 3 (0 240 A bl J5
SRR, 253 HT 38 BE Y pH AT DU R A e 2 i A 1 (R0 /K PR R B 32 2o w3 B, A 7T B 2 PR R 40
WA GEAORE TN RO SN 40TV 1 i V7 VAR 4 T e S T AR R e B ML 19 S RS AR i i K A4
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SpCond e pH {151 A FE U B5 B VARG

KA 2 B TR R A K AT IR — K B ol P M 22 5, 2T SE
KA SRR £ SR 11 K BB 2 A MW R K PP DS, AERO TR SE Ay Ak A
S5 A KPR BRI 7T AR S B MY 1981 47 5 2 YRR A He , AR BF 5 K
ke 24 S BB (P25 TN VRHE>0.2 mig/ L TP VR FE>0.02 myg/L B K U 5% th BB 296, S T, 4T
MK KR AT REAE R TR SR TRIO 5 B A T 8 T4, S ORI K TR e 2 R 25
SRR, PRI SRS B B SR UL T VR RO A A R 2
THIREAOFRHTRHED , ELR LIRS T 95 1 A0 R 10/ A5 2 S e e WA AT 5 R e 20
ELAEARBRSE 4 T M VT 5 R0 RSO 34 A 5 57K ML MEFR 5525 B (41 SpCond ,pH 1 TN) 25
S AP | DR 7 9 170 70 L0 ) 2SI 2815 0 7 T LA 20 W A 1
25 3R G 1 0 25 X KRB AS A SO0, 308 e SR SR 25l it — 2 T
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