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Analysis of phytoplankton structure based on different functional groups in
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Abstract: The Hulanhe Wetland is located in northeastern of China, and plays an important role in maintaining the
biodiversity and regulating the microclimate in Harbin city. Although phytoplankton functional group studies on wetlands in
northern China have increased recently, studies of the phytoplankton functional group in the Hulanhe Wetland are limited.
To better understand processes of phytoplankton community succession in relation to environmental parameters, the
functional mechanisms of biological communities may be better understood if species are pooled into groups with similar
characteristics. Therefore, a detailed survey of three phytoplankton functional groups in spring, summer, and autumn are
necessary. In this study, three different phytoplankton functional group methods were used to study phytoplankton
community structure. Phytoplankton was qualitatively and quantitatively collected from 11 sampling sites in four typical

habitats. The samples were collected in spring ( April, May), summer ( June, July, August), and autumn ( September,
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October). A total of eleven sample sites were selected. We explored the succession characteristics of FG ( Functional
Group) , MFG ( Morpho—Functional Group) and MBFG ( Morphology—Based Functional Group) functional groups by
applying ASNOSIM and SIMPER analysis. A total of 243 phytoplankton species were identified, belonging to 7 phyla, 9
classes, 18 orders, 32 families and 75 genera. The phytoplankton species composition was dominated by and Chlorophyta
(46.09% ) , followed by Euglenophyta (19.34% ), Bacillariophyta ( 18.52%) and Cyanophyta (11.11%). During the
study, the results showed that the average abundance of phytoplankton in the Hulanhe Wetland was significantly different
(P<0.05). According to the abundance of phytoplankton, B ( Cyclotella Kiitzing) , J ( Scenedesmus Meyen, Tetrasirum
Chodat) , D ( Nitzschia Hassall ), S1 ( Pseudanabaena limnetica ( Lemmermann ) Komdarek ), Y ( Cryptomonas erosa
Hering, Cryptomonas ovata Hering) and W1 ( Euglena Ehrenberg, Phacus Dujardin) were dominant in the functional
groups. 25 functional groups, 20 Morpho-Functional Groups and 6 Morphology-based Functional Groups were identified
during the study. The ANOSIM analysis showed significant differences in FG and MFG functional group structures between
seasons. The SIMPER analysis indicated that the primary contributing phytoplankton functional groups were S1/Lo
( Merismopedia Meyen )/W1/P ( Melosira granulata ( Ehrenberg) Ralfs)/J/Y, 9b ('small unicells-Chlorococcales )/5a
( thin fifilaments Oscillatoriales )/11b ( Chlorococcales-Gelatinous colonies )/6a ( large Centrics )/2¢ ( small
Euglenophytes) /2d ( Cryptophytes)/1c (large Euglenophytes) and I (large fifilaments)/ I ('small organisms with high
S/V). Redundancy Analysis (RDA) based on FG, MFG and MBFG and eleven environmental variables revealed that
COD,,, was the key factor driving the phytoplankton functional group succession, and Turbidity (Tur.) , BOD, and pH were
closely related to phytoplankton functional group patterns. We found that MBFG approach was not as sensitive as FG and
MFG approach in describing the variability of phytoplankton groups in the environment. We suggested that MBFG approach

was not suitable for indicating the temperate wetland water environment condition.

Key Words: Hulanhe Wetland; functional groups; phytoplankton; succession; RDA
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97.60mg/L Z 8] ; =1 WT 5 T8 P % (P<0.05) , =Z=FH{H N 19.45°C , AL JE FEI7E 9.89—31.23C 2
] ;COD,, I B A F 2 KT BB AR LA (P<0.01) , = Z=F34(Hh 5.49me/ L, 28 fb 3 I 7E
0.82—10.50mg/L Z [A] ; SpCond. Fl ORP 5 9 i # 2 dc iy, B F= e AR A LA, == V- 29ME 53 1) 402.57mS/ em
F1414.91mV , AL G HLE 161.13—1180.00mS/cm F1 340.00—511.00mV 22 [H]

F1 MR EFELEFETER

Table 1 Seasonal variation of physical and chemical factors in Hulanhe Wetland

i % 2% T MSAEA T A5

LS bR s . .
i | Spring Summer Autumn Independent-samples T test
“nvironmental . " S . RS . - 3 I 3 . :
. FHE GRE PHIE WERE TR WERE  EBEE ARG FENTE:

Average SD Average SD Average SD SpringXSummer  SpringX Autumn SummerXAutumn
KR WT/C 16.89 5.71 24.69 235 14.16 2.65 P<0.05 P<0.05 P<0.05
pH 8.10 0.50 8.76 0.70 9.31 0.55 P>0.05 P<0.05 P<0.05
i

2.03 0.73 251 1.08 3.59 1.01 P<0.05 P<0.05 P>0.05

DO/ (mg/L) < < >
R A
CODy, /(mg/L.) 7.33 1.56 5.73 2.73 3.28 1.10 P>0.05 P<0.05 P<0.05
R 0.75 0.42 1.58 0.42 1.21 0.55 P<0.05 P<0.05 P<0.05
BODy/ (mg/L) : ‘ ‘ ' ' : < < <
SAE TN/ (mg/L) 1.52 0.16 0.89 0.47 1.77 0.95 P>0.05 P<0.05 P<0.05
S8 TP/ (mg/L) 0.32 0.29 0.36 0.21 0.20 0.12 P>0.05 P>0.05 P>0.05
M Tur./(mg/L)  28.40 176 41.59 14.64 54.39 21.31 P<0.05 P<0.05 P<0.05
42
fi?ﬁ ! 17.42 12.68 10.88 5.25 24.58 19.96 P>0.05 P<0.05 P<0.05
Chl-a( pg/L)
= o »
SRR A

436.72 20.92 390.75 31.25 429.33 42.23 P<0.05 P>0.05 P<0.05
ORP/(U/mV) < > <
L 607.11 245.50 317.50 97.81 325.63 92.80 P>0.05 P>0.05 P>0.05
SpCond./ ( pS/cm) ’ ' ' ' ' ’ ' ' ’

P<0.05, 378 BEMK
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Bl d 11.11% ; B 3 1] ( Dinophyta) 28 7 Ff, (5 2.88% ; 3 '] ( Cryptophyta) #1338 3 Fl, (5 1.23%; 4 3%:1]
( Chrysophyta ) AL 2 Ff | 55 0.82% , FEas (AR |, S PG s AR 5 X 38 ( 188 A ) > A K 1 X3 (183 Filt) >

http ; //www.ecologica.cn



1046 JAE = 41 4

IR X3 (172 Bl ) >4 X8 (135 B ) AR ; ZER (] )RURE | S0 2% (198 Fi) > Bk (152 Fi) >H 2= (143
i) BORILEE
2.3 WA ] 1 M R R A o B s s AR Ak

TRUFAF ) 3 B A Ao (] RUBE 1 3R 53 287 35 de i, 28 163 B #E (0.67—26.26) x 10°4~/L Z (1] ; Foik oy
BT EARIERITE (0.39—20.15) x10°4/L Z [ s FFAR AR, AL I (0.50—27.78) x 10°4~/L Z [,

TRUFAE 24 3 B 5L B T PR DX A K 1T X8> 4 FE X s> 1 K T X3l R R, T8 M e DX 3k
PR 4 - 34 B B s, AR AR FEIAE (15.92—95.44) x 1084 /L 2 [) 5 A K E XS B At ) =F B vk =2, A4k
JEEITE (4.47—25.40) X 10°4~/ L 2 [8) ; 4 B DX 3507 i AT ) =F AR AL 7 Rl 7E ( 1.28—27.78) x10°4~/L Z [A] ; 7k
1 DX AT ) 7 B A A1, 728 A BRI (2.44—11.33) x10° /L Z [H] (&1 2) .

60 3 @R X 5 60 - 2 &%
7 OO e H X3 OREF
50 + B AKX 50 |
@ k0 X
40 + 7] 40

w
(=}
T
(3
(=]

FE
Abundance/(X 10°4~/L)
]
8

Ju—
S
T

0 W A I E
kS SI S2 S3 S4 S5 S6 S7 S8 S9 S10 S11
Z=45 Seasons At 5 Sample sites

[=}

2 PR CIR MR IR F B AT
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R2 MR MIZFEYINEER ANOSIM 547K SIMPER 5347
Table 2 One-way crossed ANOSIM and SIMPER for testing the season on different functional groups in Hulanhe wetland

Bl e e E IH I B 2% e S
Fun:(?tjis::ritoup S;;s:'ns Paljivllﬁze%:t R Jﬁﬁf (% ﬁﬁﬁkzﬁ i 20% )
Mam contrlbute species
FG HExHE 0.378 P<0.05 S1/Lo/W1/P/]
HExkE 0.178 P<0.05 Y/S1/Lo/W1/P
PESY/ES 0.400 P<0.05 Y/Lo/S1/W1
MFG HE}E 0.289 P<0.05 9b/5a/11b/6a/2¢
HExtkE 0.191 P<0.05 2d/9b/1¢/11b/2¢
PESS/ &S 0.283 P<0.05 2d/1¢/5a/9b
MBFG HExHE 0.378 P<0.05 m/1
HExTkE 0.105 P>0.05 m/1
ESSES 0.174 P>0.05 m/1

P<0.05, £/7R %57 B3 FG. FG JRE 2B Functional group; MFG: MFG 3 B 28 #f Morpho—Functional group; MBFG; MBFG L] fig 2 ¥

Morphology—Based functional group

*3 M=AOEM=FEFEYIEEENRREREM
Table 3 Representative species ( genera) of three phytoplankton functional groups in Hulanhe Wetland
&R/ IR A
FG MFG MBFG Genus/Species Habitats
Represent in the groups
B 6a/7a/1b/2d/6¢ V/VI INEEEE Cyclotella Kiitzing HE SR KT /N K, RS | BRI s
ALY AT EE Asterionella formosa Hassall o [ e
i o i) S5 AR
c 6a/Ta/6c il HIE/NFRSE Cyclotela meneghiniana Kiting R e OLTHERGS W7 =k 3
D 6a/6¢/Ta/Th Vi Z2 VIR Nitzschia Hassall A E IR A T KRR T 52 PR T
! Kirchneriella obesa (West) Schmidl T FRE R SR SRR A TR, TCHEE
¥ Sa/90/9b/11a/11b LNl W14 BRREE Oocystis Lacustris Chodat ES S NN
M58 Scenedesmus Meyen TRA T E R R KR 35 IS 25 /N TR, TE e
11a/11 ! N
] 9b/1a/11b I/ VU235 J& Tetrastrum Chodat BEIE S AN
) i ES] 1] ?_%’;" || & o YRR 35 K ,E;
Lo 1b/2¢/5d L/V/WU PR Merismopedia Meyen z ;EU@‘*W%Q BER BARIAMN, AR
b=l
\p 5a/5e/6b/8a/ LV Fi a5 3% Cymbella Agardh S S B TCHLRY KN, 2l R G
9b/10a FHY B8 Navicula Bory Ik
o ikl —3m EEERE SR A KR BB Lk
P 6a/6c/8a V/VI TR B S Melosira granulata ( Ehrenberg) Ralfs ﬁ(}?];;{;j]; FESCHE SR KR AL st
|1 5 /N WA fr i BRI A BRI, LRI 3, 38 0 RGEREE, %
a Pseudanabaena limnetica ( Lemmermann) Komérek Wkl /¢
: )R Euglena Fhrenberg - —_— ; 2
/ 2/ 2¢ I i 155 1 /Nl 5 Bl iy
Wl 1b/1¢/2¢/3h VAl R Phacus Dojardin WA BT R/ N S SR R KA
w2 2¢c \ BEYRBEIE Trachelomonas Ehrenberg FE R B TR K ST I b | R A S R
X1 2a/8a/9a/11a v AYEFEJE Ankistrodesmus Corda WIS E B TR
TBEA AT (s ' ;
v 1h/2d v RS Cptomonas rosa Hering KRS % I LS 50

YITE R Cryptomonas ovata Hering

FT FG MFG #l MBFG L REZSBERE IS AN BT ( ANOSIM ) |, 22 B 2575 728 Ak %o I Ui M 0 A v T IR S 4
FH . (P<0.05) , SIMPER 4302, B/SI/Y/W2/X1/D/Lo . 7a/5a/10a/2d/6b/2c/11a FIVI/ IV ZEEE, 535
ANFIZESS Z 8] FG MFG Fll MBFG ZE#E I 10 £ 5Tk .
24 Zoogitoth

Xof P22 3] 119 L A 11 b EREE A5 B (WT  pH , SpCond. . DO, ORP  Tur.  Chl-a TP /TN, COD,, 5 BOD,) 5
FG \MFG F1 MBFG DI REZEHEHEATHET 7347 , AN [ Tl G S A X A58 A8 Ak iy o o 482 =X E A7 R 3], = Rh D seSS i
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