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Relationships between environmental variables and seasonal succession

inphytoplankton functional groups in the Hulan River Wetland

LU Xinxin, LIU Yan, FAN Yawen"
Heilongjiang Provincial Key Laboratory of Botany, Harbin Normal University, Harbin 150025, China

Abstract: The Hulan River Wetland (N 45°54'—45°51", E126°139'—127°14") is located in the northeastern part of
China, where climate conditions are similar to those in subtropical monsoon regions. The wetland, currently being restored ,
is China’s largest urban wetland. It has three distinct zones: an agricultural area, an industrial area and a reserve area. We
recently carried out a survey of phytoplankton in the wetland, during which we collected samples from 10 sites in these three
areas. In the survey, we identified 191 phytoplankton species that belonged to 69 genera, 17 families, 14 orders, 9 classes
and 7 phyla. Bacillariophyta was the dominant class, followed by Chlorophyta and then Euglenophyta. Quantitative analysis
showed that phytoplankton abundance increased from 1.23 x 10’ind/L in summer to 1.98 x 10’ind/L in autumn. The total
average phytoplankton abundance in summer and autumn was 1.60 X 10”ind/L. There were obvious seasonal changes in the
phytoplankton community structure, for example Anabaena azotica and Scenedesmus protuberans were the dominant species
in summer, while the most abundant species in autumn were Navicula radiosa and Trachelomonas volvocina.

The development of phytoplankton functional groups is an important achievement and has been a popular research topic
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in recent years. Phytoplankton functional groups simplify phytoplankton classification. They help us to arrange phytoplankton
into groups based on ecological function so that we can understand phytoplankton adaptability to the environment.
Phytoplankton functional groups may be based on classical taxonomy, morphological structure, physiological characteristics
and ecological attributes. Phytoplankton functional groups can help us successfully process and combine changes in habitat
and phytoplankton communities, and can explain how some habitat-specific phytoplankton taxa adapt to habitat change. This
paper therefore aims to demonstrate how recently developed phytoplankton functional group classifications can effectively
explain changes in phytoplankton in an urban wetland in response to environmental conditions.

We arranged the phytoplankton species data from the summer and autumn into 19 functional groups. The dominant
assemblages in summer and autumn were from the X1/W2/MP/Lo/]J functional groups. Groups such as X1/W2/MP/Lo/]
were abundant in summer and autumn, while H1/Y/W1 groups were only detected in certain seasons and habitats. While
groups D/P/TB appeared frequently, when compared with other groups, their relative abundance was lower. H1/MP/Lo/
TB/J/G were the dominant functional groups in summer, while MP/J/W1/W2/X1/Y were dominant in autumn.

We measured the following environmental variables: specific conductance ( SpCond) , total phosphorus ( TP), water
temperature, total nitrogen (TN), dissolved oxygen (DO), ammoniacal nitrogen ( NH;-N), turbidity and pH. Water
temperature ranged from 17.08 to 26.64 °C, and there were obvious differences between summer and autumn. pH was less
variable than water temperature, and ranged from 6.20 to 7.60, with an average of 6.63, which suggests that the Hulan
River wetland is neutral. TP concentrations ranged from 0.14 to 0.84 mg/L; TN concentrations ranged from 0.14 to 0.81
mg/L; SpCond was between 224.77 and 657.50 wS/cm; DO was in the range 3.88—9.46 mg/L; Turb ranged from 80.25
to 343.78 NTU and NH;-N concentrations were in the range 0.7—3.80 mg/L. Trophic status ranged from mesotrophic to
eutrophic.

Canonical correspondence analysis was used to analyze the relationships between environmental variables and the
seasonal succession of phytoplankton functional groups. Results showed that succession in the phytoplankton functional
groups was largely determined by interactions between SpCond, TP and water temperature. Data suggest that the Hulan
River Wetland may have been eutrophic during the study period. Nitrogen and phosphorus concentrations were above water

quality standard thresholds, so the dominant indicator species in the wetland were those that were tolerant of polluted water.

Key Words: phytoplankton functional groups; seasonal succession; environmental variables; Hulan River Wetland
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Table 1

were completed

The Frequency and Abundance of Seasonal variations of phytoplankton functional group in each of three areas where samples

o WA X WL W AL
Ihie4H A SRR Agriculture area Wetland reserve Industrial area
N Genus/Species Represent — — —
Groups | 5F  ®E  EE  %E  HE e
in the groups
Summer  Autumn Summer  Autumn Summer Autumn
B Cyclotella meneghiniana Kiitz. , Cyclotella comta Kiitz. 0 + + ++ 0 +
C Ankistrodesmus angustus Bernard. , Asterionella formosa Hass. + 0 0 ++ 0 0
D Synedra acus Aboal., Synedra ulna Ehr. + + + +++ 0 +
F Nephrocytium agardhianum Nageli. , Nephrocytium sp. 0 + + + 0 +
G Pandorina morum Bory. 0 0 ++ ++ 0 +
H1 Anabaena aoztica Ley., Anabaena circinalis Rab. + + ++ ++ ++++ ++
Scenedesmus protuberans Fritsch. ,
J ) 4+ + ++ 4+ 4+ ++
Coelastrum microporum Nig.
Ly Ceratium hirundine Schr., Microcystis spp. 0 0 0 0 0 +
Peridinium willei Huilfeld-Kaas. ,
Ly . o ++ ++ ++ ++ + +
Merismopedia minima Beck.
MP Navicula radiosa Kiitz. , Stauroneis anceps Kiitz. ++ ++ ++ ++++ + ++
Cosmarium  formosulum Hoff.,  Staurastrum leptocladum
N . 0 + + 0 + +
Teiling.
P Melosira granulata Ralfs., Staurastrum pingue Teiling. + + + ++ + +
TB Cymbella tumida Van Heurck., Gomphonema parvulum Kiitz. + + ++ + 0 +
W1 Euglena viridis Ehr., Euglena acus Ehr. + + + ++++ + +
w2 Trachelomonas volvocina Ehr., Trachelomonas oblonga Lemm. + ++ + ++++ 0 ++
X1 Chlt?rella vulgaris  Beijerinck.,  Schroederia  spiralis N o - it 0 o
(Printz) Korsh
X2 Chroomonas acuta Uterm. 0 0 + ++ 0 0
Y Cryptomonas ovata Ehr., Cryptomonas erosa Ehr. + + + ++++ ++ +
Neidium affine Pfitzer. , Urosolenia spp. 0 + + 0 0 +

+:1—1.0x10% , ++:1.0x10°—5.0x10% , +++:5.0x10°—1.0x 10° , ++++1.0x 10° L |-
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Fig.5 Representative functional groups in summer and autumn
Hrpe1”, BZFELRIX Agricultural area in summer; “2” ; FkZEAR X Agricultural area in autumn;“3” . HZRHILRPYX Wetland reserve in the
summer; “4” . FKZEIE AR X Wetland reserve in the autumn; “5” : B Z% Tl [X Industrial area in summer; “6” : £k 2= Tl [X. Industrial area

in autumn

R2 MZWEME MFFRERTF

Table 2 Water quality characteristics at Hulan River Wetland in summer and autumn

Al X TR PR X T Tk X
Agriculture area Wetland reserve Industrial area
Al BlEE i oy
KR WT/C B Summer  25.55—26.64 26.09 24.65—25.30 24.97 25.13 25.13
FZ Autumn 17.16—18.90 18.03 17.08—19.19 18.13 17.65—18.60 18.12
pH FES 6.20—6.51 6.35 6.18—6.46 6.31 7.54 7.54
& 6.41—6.56 6.49 7.25—7.60 6.50 7.25—7.60 7.42
AR = 249.93—260.15 255.04 272.07—312.70 284.89 657.50 657.50
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1270 £ OB ¥ I 34 &
T ARl X TR bR X ML Tk X
Agriculture area Wetland reserve Industrial area
AILRE AR F A iy
nterval Mean
SpCond/ ( uS/cm) ®ZE 248.43—253.05 250.74 224.77—269.20 239.66 245.25—599.14 422.20
4 DO/ (mg/L) ES 6.10—6.34 6.22 3.88—6.79 5.12 8.81 8.81
ZE 6.43—6.44 6.43 6.22—9.46 7.29 6.63—9.14 7.89
L Turb NTU " 167.50—205.35 186.43 125.40—543.78 236.27 112.80 112.80
e 127.95—131.53 129.74 80.25—343.25 168.89 137.13—337.14 237.13
A NH,-N/mg/L-N " 1.50—1.93 1.72 1.50—2.10 1.74 3.80 3.80
T 0.70—0.70 0.70 0.70—1.30 0.92 0.70—1.70 1.21
SR TN/ (mg/L) H7% 0.14—0.19 0.17 0.20—0.81 0.60 0.16 0.16
T 0.28—0.43 0.35 0.16—0.23 0.21 0.20—0.22 0.21
S TP/ (mg/L) H7% 0.14—0.21 0.18 0.13—0.26 0.20 0.50 0.50
e 0.30—0.40 0.35 0.20—0.40 0.31 0.24—0.84 0.54
UIBedL iR
7 E— AR 75 A TT LA AL S 7 AR 0 14 R 95 4
S scond | g TR A B T R S
T’jﬁb{%“\ v — HI AT EIK L 2% P , 0 9 0 3 XA T 2 7 0 T 4
2 PR TIRELAFTE T 2k, X st B UR A Dh e gl A4
- KRS S04, B (R 2D AR 4L H1/MP/
B & TP Lo/TB/1/G , 2 R A% i K MR S5 AR B AR A7 1 4L 0]
WG .J A HI 42 2 Z A KRR
MO 4 XA 2 22 b B A R TN AR Y 7 3 T
08 WT CRFER 3 4) BEFRY R, MRy ny kK42
0.6 1.0 BET M IS 3 1 UK AROG BRI, R S 47

6 RIS INEEA SR HEARE BE RS B 5 4

Fig.6 Ordination plots ofphytoplankton functional
classification respect to environmental variables based on
Canonical Correspondence Analysis ( CCA)

F=2.726 P=0.0010

3 it
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TR HELY) D) REZH AT 55 7K AR 3R 5 PR S A AR X
IS, S K R R L B TR ER K AR B Pl R AT 2
SEMRIT WAL DI RELL I T L 2 A R BT S AR A
b, BESEERE RENS d o 1 By 1% R v v T 4 15 2
B2 EE AR BT, VAR A X T R
R M AR AL BRI 22 3 S T TR AT FE K
RN NGRS P L NI B A IS RO RE R
Wy REZH T8 R 1) IR ) 1 2 S T I, KL R 7 R R A
PRI A 7 A kA LR KA Y e 3l 3 [ 9K 77 A )

el 52 ARG BRAR A 1 W2/ W1/ Y A KR Al
RIS, — L HEE A PRI, an Y ZH Y B
JE B ( Cryptomonas ovata) , BERSF ¥ B A K A
PEAT I ELAEAS , X IO HR A2 1 P i, T 7 = T L )
KRBT LA i i 38 v BRI, W2/ 1o/ G/ W/
VY GSER R A R A S, 8 T Ml P A X
FERE KSR CRFE R 5.6) , JGIEFE 2 |, B i K AR 3 2
B FRER AR A T B, R B IR T KR B AR
FEVE FEX GO T , — S [E 5 SR, i MP ZH Y
7 S B ( Gomphonema angustatum Kiitz.) 7] LLFEK
PRI Bl %) A 15 ¢ U8 5 4 v BRSO 38T g A 35 ol
i 1 2 O\ k) A B v S S R oo L
KR, Z IR IE AP AE 09 Lo 21 B Rl 7
Yy e B SR ER BRI S5 T, B A% 38 1 A [
R I B R 4 O SOk dEFE AR A e MP/D/
Lo/ W1 2 BRSO M IT RE /K A LR, RAE
HH TR, Wi R A DX A 38 A DX 38 I 7E R AT 3 S5 U 1)
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1B (CRAEAT 7.8) , BRI K MR 3 ¥ ik, 3 BUZ K 38k
BIRER AR, AL PRI AR, YR 2R
Z o P AUA T 32 TR S0 W1 20 3 ik b
T IRBE ) 7 A W NN A A SR

B IR TR WAL A 05 I B A TR R R
R A A e 5 7 % R 1 4 R A A
BARTA R py IR 22 YAl G K R A B
AV DX A TRT IR, A b FE A B, A R AR AR 3 A K A&
O SEOKMRE R R, BE KRR X
KRB, B IR R TH R, T I A P V5 2540 &
AT A VR R AR R KR AR AT R HAS g
I B A FEREE R PR B AR R Y ) RE 4L TE SRS A
P R U o G VUK B A IR R B R 47
RS FRERE A R IIRE A A K SR, flin, rg by
IKIRBAR A R 3 1] MP 2H LA R ) 15 MY Y
ZH PEFRTERK ZRIG ST I3 N e R AR 1R H 4
Fofo iy A A ) 2 0 400 ) Bl 8 g A0 76 9 6 K 3 fif
PRIRTE A RE ) BRI R AE A Kb UL o w2/
X1 20 AR Bk 2 e R 6 B, DRI, Bk 2 11 i b £
AR D RE 4 T B R LARE W (MP) A 3, W2/Y/
X1/W1/1/Lo/G FAFHITH M

AIXT TR AR B X, W8 st A b X 52 b 3% 3l Ko
AR | e 2 R B T B K TR X
F IR ARl DXL VR I T i, AR A i R AR
W X1/W2/) HARK AL T 7 A AR AR A, Hod X
2 1 L IR 3 A T B AT e & U 1 X 5
WP RE, EIEH Tl X, i T 75 Kl 5 2%
LA K I LA e v (R K IR RO IR DA B e 1Y
LS 238 DRLO R B T 7 0 U A N R 5 Pk b R
AbFOE Bt H1 2H 3 AR, [ & AR 3 (Anabaena
aoztica) (FE R 1.07x10°4/L) fE LB K K
I,
3.2 TRIEAEY DI RE ALY ERE 5 R BE A T A O

Gaxils

TR T BB A 0 2H A5 00 b 7K R 5 1 A S
AHEXE R, 6 HR B IR 3R PRI sh kT T 98 IR Y 58
A NBHB N KB 12 AE AR A i PR A A T RE 4H
AR FEARFR S B AESE A IR B PR A
YIRETE SE P RS R BT IR a0 5 RN 8 3R R L ]
ViR I IR ) D e A 4 & AR T T AR ST,
CCA HEF#l 1 5. %%£(0.903) S (0.901) (FIK

T (0.531) TEAHDC , 2R B W AE ) B B 73 20 (0 B 2
B h AR BRI 3 A BRI P 2 R 5K 5
45

M =2 VAT b 3 R ol DX 1) K U R Ml NE e e
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AR R, e BT e S R K Sk
CCA B RMERM i & R 5 X SE D REAL 1 B ARG
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WA S RELL AL A 3 s e s e s A1
B B2 R 2 IR AR R R A 1K, a0 HY A
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K, BT AR 78 Bk 22 K B IR B 1 O R, X1/ W2/
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IR T AR ) K B 0 i B T, — 1
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FiE FLAEAR RBAR MK IR A5 2R A 2 e 7
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KA RN HF 5 2 B R, v ¢ 4 PR 22 R b R IR AL B I S TR)

PR R N E Y 3.87x10° /L TR ZY
1.89x 10° A~/L, FEHETTH) MP/D/B 4 1F Ak %
Jo , B B AR 0 AR 3 B 5 5 2R R T
L, B ER KA A D ¥R Encyonema
silesiacum Bleisch.Fll MP ZH#Ff Gomphonema constrictum
var. robustum Mayer. £ FK Z5 10 b 7K 44 v i i PR 58 0
GEM, SR, D 4 o3 g b A K U A R R 4
Epithemia adnata Brébisson. N RE I N Ak 2= K IR R AR
7B AL, 2B Z B R, MP 21 R 1Y
EERE

TE N 22 T 58 bt B0 DL SR R 40 A 15 G4
TR ARFEVE R 0 T 4H A DU A B ( Scenedesmus
quadricauda) M B-ms (BB & S HFEA L EMIE, Y
ZH 1) 5 I 50358 ( Cryptomonas erosa ) (X1 2H B9 /N BR 35
( Chlorella vulgaris) ¥ a-ms (& E =) ¥g = 1
MR ARRPEDNREA, Lo (HH 8 ) /W1 (#R3%E) /W2 (HERR
BE) /Y (B ) /HL (FESE ) /X1 (/NEREE) /T (HIFBE
LPYEBE) /MP (FHE B BT ) th B i RER R
TUSYARRFN 0[] SR ALY TN TP P2k i
BRI SR AT Aok A, T LA
SR - 2% Y] 3 by 7 AT 5T 09 1) B AR AR T E R AR
/NN

MR FH AL R b Al B RE Y AL A K Tl 75
KRS | RS A ATE FR KT A 728 A 118 I 4 B ok ik
ZREA T AR X PR R RN
MP/J/X1/W2/L,, H o X1 41 i %k B 25 4 %%
(Ankistrodesmus falcatus) N a-ms (& S 38 F8RFR,
W2 4 1) i€ % #E #R 35 ( Trachelomonas volvecina) 4 B-
ms(HEE H IR ACRMEM A, WM Tk X hF
Tl 57K BYHEI, J&) R A A Ut 2 T v, v Y
FRKFAE H1 R BCIC , Hrb o 03 A R e £ 12
(Anabaena spiroides) i B-ms (R & E ) 5 R Fh
HT AT D Aol X Tl XA R T e 20 v 34 I 3 Aol
AT b PR A DR I SRR PR 1 75 e AR s AR HTBE
G, HL ] B PR B /K A 1Y B R AR B TT RE T

W 2 Y v 8 R R ) R 4 i 2k
PR A XA AE 3 2 F07 iF T A AR TS B OK
TEAMY XA AT A —E R B0 1 iR
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