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Seasonal changes of diatom community structure in the Zhalong wetland and its

relationship with environmental conditions

DAI Cunfang, YI Yingtong, LIU Yan, BA Qiushuang, FAN Yawen"
College of Life Science and Technology, Harbin Normal University, Harbin 150025, China

Abstract: The Zhalong wetland is located in the western portion of the Heilongjiang Province, downstream of the Wuyuer
River, which is the most complete wetland in north China at similar latitudes. It is an important habitat for cherish cranes
and waterfowl. Recently, water in the Zhalong wetland became more saline. In 2012, algae samples were collected from six
sites in spring, summer, and autumn. In total, 140 diatom taxa were observed, including 121 species, 19 varieties
belonging to 2 classes, 6 orders, 9 families, and 30 genera. Pennatae diatoms were rich in species and accounted for 95%
of the total number. Diatom community showed seasonal succession, with the richness and relative abundance of diatom
species in autumn higher than during spring and summer. Most of the dominant species were freshwater, brackish, or weakly
alkaline water species. Dominant species occurred in response to salinity and pH of water; an obvious correlation with
environmental conditions. Navicula cryptocephala was the dominant species of the Zhalong wetland in spring, summer, and
autumn. Meanwhile, Amphipleura pellucida, Gomphonema micropus, and Niizschia palea were abundant in alkaline water.
This indicated that the Zhalong wetland was affected by soil salinization. Environmental parameters, including pH, water
temperature ( WT ), conductivity ( SpCond.), chemical oxygen demand ( COD_ ), permanganate index ( COD, ),
biochemical oxygen demand ( BODy ), dissolved oxygen ( DO ), total phosphorus (TP ), and total nitrogen ( TN ) were

measured. The relationships between environmental factors and the variation in diatom community structure were analyzed by
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canonical correspondence analysis( CCA). CCA showed that water temperature, conductivity, pH, and DO were the most
important factors influencing the structure of diatom communities. TN and TP were also important driving factors of the
seasonal succession of diatom communities. Combining the diversity index and diatom quotient, the Shannon Wiener
diversity index ranged from 2.70 to 5.65; Simpson dominance index ranged from 0.67 to 0.97; Pielou evenness index was
between 0.43 and 0.91, and Diatom Quotient ranged from 0.007 to 0.11. The water in the Zhalong wetland was

mesosaprobic—oligosaprobic; Some parts of the water were clear, but a few parts were slightly polluted by humans.

Key Words: diatom community structure; seasonal changes; environmental condition
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Table 1 The data of water quality factors in Zhalong wetland

ISR F Z19 Season # % Spring HZ Summer FkZ Autumn
Environmental factors AL Fl Range F-A4{E Mean F-HI{E Mean SEH{E Mean
WT/C 17.10—30.10 18.80 28.00 22.60
pH 6.90—9.57 7.65 8.40 8.46
SpCond./ ( ps/cm) 261.00—631.00 426.00 320.00 337.00
COD,/(mg/L) 30.11—61.23 41.83 42.00 55.50
CODy;,/(mg/L) 3.02—14.30 7.40 11.60 10.50
BODs/ (mg/L) 1.93—12.40 8.60 10.40 5.73
DO/ (mg/L) 3.30—7.10 6.47 4.68 5.53
TP/ (mg/L) 0.02—0.08 0.04 0.06 0.06
TN/ (mg/L) 0.78—1.83 0.89 1.84 1.02

. WT. /KR Water temperature; SpCond. ; 5 R Conductivity; CODg, : b2 #£ 4 & Chemical oxygen demand; COD,, : Bk R Eh I8 S
[}

.

Permanganate index; BODs: )7 % & Biochemical oxygen demand; DO ¥ ff# % Dissolved oxygen; TP: ELBf Total phosphorus; TN: &% Total

nitrogen.
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AR X Sl ek AR P A AR 5 L P R PO AP B 2 AR AL AN T TR | B33k FHE 3 ( Nawicula cryptocephala)
TE B Bk 3 A Z AT AL H R, £ 4055 R ( Diatoma tenuis Agardh) (1=0.11) AFZALHTN, 25 HEAT 5
( Rhopalodia gibba) (1=0.16) F145 [ 22/ ( Nitzschia palea) (1=0.10) I G R B BHEFP | Bk S HE#E (1=0.
21) WFERKZR (5 5 Y AL AL
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Table 2 The composition of major diatom species in Zhalong wetland

Fh # 7 Spring H 7 Summer BZE Autumn
Species I T m v vv i1 I mwv Vv vwI1iI o miwNvgV WV
Achnanthes impexa ++ T+

Achnanthes minutissima 4+ o+ 4+ ++
B XU 36 Amphipleura pellucida + o A A+ +H+ + o+ o+ + 4+ 4+ +
HEE/NAEE Cyclotella meneghiniana + ++ + o+

Cocconels placentula var. lineata + ++ ++ o+ 4+ A+ 4+ +
Cocconeis placentula var. placentula +++ 4+ e+

Cymbella cistula + o+ + ++ + + + +
Cymbella nedptoceroides + +4 +
LT 55 ¥ Diatoma tenuis ERTRIR + o+ o+ -

Encyonema minutum + + ++ +

A= % B0 Epithemia adnata + ++ o+ + o+ 4+ o+ o+ o+ + o+

Epithemia sorex + o+ o+ + 4+ o+ o+ o+ + o+ o+ +
Fragilaria biceps +++ + +

Fragilaria tenera ++ + + +

Gomphonema micropus + ++4+

Gyrosigma acuminatum ++ + + +
Mastogloia baltica + ++ o+ o+

WA ELBE ¥ Melosira granulata + ++ + + ++ + ++
Mastogloia smithii var. amphicephala + ++ o+ o+ +++ + o+ o+ o+ o+ o+ o+ o+ +
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Fhk # 2= Spring 7% Summer 2 Autumn
Species I T m v vvi 1 I mwv VvV v I1l 0o mwNv VvV WV
BRI HAESE Melosira italica + + o+ + +
Navicula atomus + 4+ + o+ o+t o+ o+ o+ +
[k FHE# Navicula cryptocephala e o+ b bR b
O FHE 8 Navicula radiosa + o+t o+ + o+ o+ + o+ + o+ o+
Nitzschia acicularis ++ + o+ o+ + + + o+ o+
Nitzschia amphibia Grumnow f. amphibia ++ + +
Nitzschia intermedia ++ o+ ++ + + + o+
Nitzschia palea ++ ++ + +++ ++ ++ ++ +++ + + +
Niizschia tubicola ++ + + o+ o+
Rhopalodia gibba L 2 A S R S S S S S S S 5 S o S S +
Tabellaria flocculosa ++ 4+ 4+ + + 4+ + o+ +

WL (+4+) S RREFR (+++)

2.4 BRSNS 4 R 8 B%E BEF O K%

TR A2 2 5 B2 s Ry A R AT — 5 1 22
SR 2) KBRS E TR E S, P
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FRERIVL, N 9 Bl HA R s 4% 22T W = ' BE AR 2 AR
XHJg Ty 18 FIZEAT, B BRI X 2 T 4 G : P ]
7R (T 3) B LR BEA X e, JO A A EHSH, Number of disor spcie
H%. A T RESATIRE SRS, 1%, RAEEA B2 pSEEREERE AT
7’: HXj‘E'EEHE’iffEE’j’g 11%, ﬁé)ﬁ I \mﬁké iffg* EX¢$E Fig.2 Temporal and spatial pattern of species richness for

HH B S 388 | O 2 T e A T B IR, o e 2R 4
A A —E 2 HERANEE, M
THEGEFRIHIX I /NS K I (R T ) RN (A A
T ) £ ek s A T = 5 B I8 v 1 Rl K AR (R A VD) 9 AH
XFFRE
2.5 REEEYIFD 2 REPERE B A R

ZREVEFRBE R T BEVE A RO A R %, BT
FHRAR KRR AR AL, — A 8 E (R =7, BF 5 45
PRI 2%, B s Tk e g, K SRR 4 R L 4 R]
Shannon Wiener ZFEPEFEEUEIRZE 2.70—5.65 Z [H], )
(B4 )t BRAE R O RE 5 T ARK S0 RE S T, OF3
4.09, Simpson FEEUS IR TE 0.67—0.97 Z [], B (& 43
I FHZAE S TS T T, 8573 0.89,
Pielou 3427 £ 38 BIE Hl 4 0.43—0.91, H AR (b Ml At 5

diatom in zhalong wetland
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Fig.3 Relative abundance of community structure for diatom in

zhalong wetland
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MRS Pielou $42) FEFREL(E) AN S5 R /R  WFFEOK AR RIS Qe sliein QoK T, 285 LA B4R B i
BB — BN ESE LRI DOK IR T {5 - ZET5 KR . 6 A REEFUKBHEFPAR I g T >T>VI> V>
>V, Ho I Ve {5k d AR UK B i
VPP WE A W R 28 10 15 45 B B — R A B R e B, BB 8 S A S T T K SRBE TR A
Thunmark H1 Nygard PABESER BN E A FEIR , RYEA [F) SR ACRE L0 5 A HLTS e i oG & SR R (EL, 32
GroRURE SRR Horh RESE R R H TR R 7 PR OR Fe K MR SRR L | BF 7 /K Sl o A2 Wy
0.007—0.110, 5-F34 0.023, Fes (L BAER TR I, U (L BUAE AR R LIV o AR R (ELAS R AR
el M>VI> T >VSIVs I, B FER L IV B TS 5 5 2R BOTN 45 R B0 — 2
6 -
— 1

I
—

2 R R BOR Rk B 0
The value of diversity index anddiatom quotient

H’ dSim E DQ H’ dSim

LRk SR EEER Diversity index and diatom quotient

B4 BREAERSHEGREBMEESR
Fig.4 Diatom diversity index and diatom quotient at different sampling sites

B s H'# /R Shannon Wiener =F & EEFE %L ; dSim /R Simpson (L E IR E 2R Pielou ¥ EHEE; DQ F/nr: iR

2.6 TEBERIYRETE S EREE N 0 B X R S A

TE IR B I RN ISR DR - A TAR OG0B AR TS A K/ N R B AR B Wl 5 TACEAE 0.32 [ ]
DA AHER P Bk 5 22 B R A5 iR e Ak, pHL (B LA SN T A7 BEAL BR300 AT L (a+1) Bedfe, RESREIR ST
HEAT DCA 43T ,4 AHERE il bk BE 4 BE 0 05 KB 3143, 28 P55 780 1 B UG A5 760 0 AT L A3 B B 355 70 o) Fick g A
YIRETE A 2, ASBIFSE SR 3 T LG AR AR () B X R A0 BT (CCA) X 3R 8 MRS Tl T Rk &
K556 (Monte Carlo permutation test) , & & PE P<0.05, 68 0 7 i Bk v )R M AU i R B A8 . KR (P =
0.0040) , % i# . (P=0.0230) ,pH(P=0.0120) FIHL F% (P =0.0370) H TR0, WA+ 8% (P>
0.05) MEHEDEMNIBR . 255 Won (B S) BTN A RRAE(E 53 3154 0.59 F10.48 , REBEREVE 4041 5 PREE R T4 ¢
ZHik5]0.985.0.997, HEFE— Wil LR 62.8% I WIFI 5 R 22 6] B4R E 4 FL AR G , Bk
R BEFP A 5 ISR e W AR DG | B X S I3 DR 1 e A R Rk B s P I 2, TR IR
[ AR A AE W v 22 57, e HE R B AP 07 B S B 1 45 W Rt T R TR B85 B R A AR R AR

CCA HEPE om 21 Fh (J&) rESEAEY) 5 A 58 7 00aE RS B0 . IR PR - Sk 5 ek AL 0 58— HE 7 i
SJEFA AT, AR AR RS HE T il — o R AR DG A OC R BT 0.97 10,71, HLS3 M pH SHE P H— 2 7
HHOE M R E0-0.46 F1-0.83, 55 —HE Pl S5 e T 4 Rh %t Bk bn 10 75 SRk 34, RIHE Sl 0 N 22 A Ay, ki
YIAE pH L SR A0 35 I A W R ARG, X 7R I8 At 4R O 346 7 (L T T 1

CCA HE7 B /KL A A4 FL 5% pH A s M Lo 108 b ek S5 0 75 0 A 1) R BB IR 7, P34 s 55
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Fig.5 Ordination diagram of dominant species and environment variables

Ach min =Achnanthes minutissima var. ; Amp pel =Amphipleur pellucida Kiitzing; Coc pla= Cocconeis placentula var. placentul; Cym ned = Cymbella
nedptocerotdes. ; Dia ten=Diatoma tenuis Agardh; Fra ten=Fragilaria tenera (W.Smith) Lange-Bertalot ; Gom mic = Gomphonema micropus Kiitzing ;
Gyr acu = Gyrosigma acuminatum ( kiitzing) Rabh; Mas bal = Mastogloia baltica ; Mas smi=Mastogloia smithit var. amphicephala; Nav ato =Navicula
atomus ; Nav cry=Navicula cryptocephala ; Nav rad = Navicula radiosa Kiitzing; Nit aci=Nitzschia acicularis (kiitzing) W.Smith; Nit amp = Nitzschia
amphibia Grumnow f. amphibia; Nit pal = Nitzschia palea ; Nit tub = Nitzschia tubicola Grunow; Rho gib = Rhopalodia gibba ( Ehr.) O.Miill; Sur=
Surirella sp.; Syn=Synedra sp.; Tab flo="Tebellaria flocculosa (Roth) Kiitzing.

FHE#E ( Navicula radiosa) A=K BEHE A2 Y0 FEF2 M), 107 55 A —BL ik B AT ) 0 DS 88 @ ( Surirella sp.) VEFFTF
)8 (Synedra sp.) .Cymbella nedptoceroides 17341 52 KR AN i S AL RS2 0, FLO R MK R38R pH (B 2 Al
PRAS FEWF T X I & B T — B85 A 70 Al A 1A v A 36 R R 2 L AT 2 B 4 i, BH i XU 3 ( Amphipleura
pellucida) ,Gomphonema micropus M4 ZZIL A pH 2 W35 IEAHCHE . 28R BRIV 7011 2 L R %50
Wi, 76 JE PP 5 ER BT HE P 1R I, 5 H R SR 5 v 1) X3, A1 5 — S8 b L R R AR 2, INEF 4056 38 LR
WiZ2 K 3 ( Nitzschia amphibia) S EFTHEESE

3 e

R H 38 HAR FISE IR P S A A1 2 S 2 o A IR BRI AR 2210 K IR BE | H 5 58 L SR
JEE S5 SR A IR A B AR ) pH R I W K SRR A W TR A0 B BB R T
REBOOHRLRE | FRUE FNE TR ER 15 1 S PR K R AR W BUEk , AN R PR R 7B 2l T 3 Bk AR M I T 45 A I s

LRI AR BRI A ST G 228 B TR R A W R BRI R A R pH R
M FL A b A AR 7 o0 A1 Y B IR EE IR - Ll bl & T e 205 B i > T SR b X AR AR R iy 2 7 A
b, 3 B Bk S Ao R AR A a3 Tk B ol i K AT 23 L /KR ) BB T R A ZE A AR AL 4L
N e A A R AR R A DR B B Rk e e, B R AP S O e 3 112 B X R
Tk s A TR R T, B (22.6°C) ik Bk 3 el A8 KR E, B B R 45 B2 32 B 3 . Gomphonema
micropus SFERKZE AR FAHAL . BROLFEFION , 25 WEE % (Surirella angusta) Achnanthes minutissima 55 2 i AP
RAEKEA NI, BERETE K P EFREE T B w5 MR i | Sk B, — T 5 ik e
PIFP 2Rt 25 IR SE YRR, D SR AT LR T 43 s B i HE O R AR AE R R R K A R ) R B R )
PP B B ARXS BRI, — B AL K BUBR G, WSS Fh B AR 7 4 A RS, 7 75 G /K AR v U AR
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B, 33X FEIE TG YK A R 2 USRI R B b SO % T TS BE T A S R A K B R R
TETR Y B PLRR R | e B S ) Pl B8 sl 2 | A B 285 B 38 0 L 22 R I AT, T A A ke e A 20 2 P ) i
BUY L IR E TR SR S AR A AT AN AR i, R IR A IR S B A 1 L A2
o B WD B AL B-rh TS AT AR AR R A BRI (R INF I A2 A HIL TS Bk Y 25 3 R e (5 DR 3
( Cocconeis placentula) A E ZBRFAMIE , E B Z S B EFIZE, BRIy - S5y @ AR

UTAER  ZR AU M XA AR AR IS N, B AR T £ O 20, 38 L e 1 b /K it £ B S AT, - b e A 75 B o
FLOE 0 b P 5 0 b TR B 2 7 B AR TR ) 49% ) Rk SR 1/ 22 8 v R 6 /K SR B FE AR AT HLARe e (W e AN 22
T (], REAR AT M4 7R /K IR 1 A8 Ak A RS MR AL A B 3 3Rk KA pH (E, JUHAE B 1 K A v | 2 5% i i
R AT A — A T RESET KR pH (B RN U FL e IR K U K pH {2 6.90—9.57 ,F
Pl 8.23, IR I X By i B ) =2 ATROK 2 280K B 595 0 A2 3 I AE 17 808 ( Epithemia
adnata) EEFFEE FCSLFHEEE U AR S . SR R B RCSK AR B LR R A Bk 3 DR
RN RSN AR AR K TE R GE B KR, 7R B R IR AR KR Pl A AR 0 ) A SiE A
TERF P 7K A A A 6 ELAR SR 3 v B FR 28, A BH BT SUT 5 . Gomphonema micropus (4% K¢ 32 T8 i S5t K& B,
AT LUE H A5 DX 35 5 7K AR B 3 B R A7 A — o I [0 0C 2R, T I LR 1 b 52 3 - b 2R i Ak 1Y 52
i B 4

T AR A 5 8 K R 2 TR R B 5 /AR R B 0 B R R Bl B 25 A DG A i R S SR Eh VR I
MBI R FEY], Redfield 5 1, A EBRRRELL 16 ¢ 1 0 LLGIBERESEAE D O, S B/ B> 16, fEBAE K
FEZ BRG], A/ B <16, W EZZ ARG, SRR E 2 k=0 A0 L5 3 22.27 .28.30,16.96,
FR AR R LU Bl 5 ke 1 AR BRI D | S BUK RS 9248 | B 324 o s 7 I [R)A Fr kg m 5% =
P B rE s A KR E, B B A EAS T 16, BIE L P0Z 19 /K A b ik B e AR i) 1 ke iy
A, FHNEA LEUEA AR L 5 Redfield H{EAH 2580 , W RE S D) Fh S0 D | ZREPEFR BUE AL . A
WFFERK T Ak e Ah 26 5 BRI AR AR BN s T8 B3 AW U1 (16.96) I3 Redfield LR, [FE5h
22 Terry KL Tett P Wynne D&Rhee G-Y 7EJ& T /KFREE h & LU 5 1R IWEAR ) 2B KOG R e b A5 1 1T A
Gl N S o

FLIE I b2 7E KU D Ml 1T B VR 1 e P AR B AT 2% K R PR 58 O T B, 5 ) S M )
JEER R, REE AR A1 R0 B R ) K AR 5 oA B i i o S B R AT R MOK AR B SR R AR
JE S R A B T e 5 B - SRR KRR A R RS X UK AR L T SR AR
261.00—631.00 ws/cm, MAKZ (337.20 ws/cm ) (I R RF SCA T8 R 5 77 35 00 B 25 (1 ik o b 26 = T 32 1 Bl e
f=i{H ., Potapora Ml Charles 78 A5 B 431 A9 LAt A RESETETS 19 AR fb 2 /K R L SR R 25 AR 25 B 30N 1Y
SEAR KR RS I S R ER R A 06 B SRR D i R R BT IR, A T F
VIS P SR A A TSR] R VSR R UR 22, AR B B TR IR 35 19 2 KK 3R
BB IR B R R AR A R AR M, A R VIEE SR AR SN B A | e s s T L e i, 32 1
B8 IRIT RS20 | AT Bl P L R BE S AR, AN T 0K 22 B0k 8 00 A A, (B eb o 20 % OB B 5 95 ( Melosira
granulata ) F) 8RS T R PRSI iR DLAR I | 5 R AT e LSS AR R, 5 DR 5 i B — 2 T
M TEAEF LR 2 B A U R i R A B RS e TP AR T RAF A AR5 R, FERLTT (VAR
TP TS SR G X RIS, S22 A B e s R PR i HE ) B 2 550 04 5 | NS840 BT 3 /K il v, 5 56
BRI KATE TR R TR, 5 D RS R 2R R AR U . i T3 (8 FR S R 3 3 R o ik
PERN AR KPR T AR A5, Gomphonema micropus (£F 40 45 Fr 8 55 1k e A S AE B8 I 5w 4 TR AR AR S5 e Jm i
K BERE (LRI U PR B Bk B B 28 e 55 B-rP i i dE /it 22 Hh I7E I SR A IX 0

Yrh ZAEEFE BAR R 1 REVE 2 U PR O AR, J2 T TR A5 F AMURR (4 2R ) 2 R AiE , AT IR F8 7R K BRBE
A, (B R ZREPERR BUE B0 7% T8 T RETR B AR A A, AN BRAR G (0 8 7= 7K A i) BAA 5 e A
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WA & FAL R AR AR T A A PP K BOIR G AR S0 10 ek 8 22 R PR AR DR H B H8 M0 35 50 4 BN e R
SRR AR XL MBI ST K FRRBEHEA T 40T AR K AR AR PR | 258 &% FR B 4L e 1R s 1
FEXIA =R BRSO AT B, AR I IV R s K 5 e s TS T TS 57 78 DX Fff
AT ST B AR A SRR M AR A i VA T35 s S AR AR BT AT, Hes2 A A 2 MK TR 7 T 5 B v
TS YOIRAL, RIS AL IV TN TPt T AR A AR 9 SMIA 8 3% 2 b ol L Rt B
SRR & R R R AT SOK AL T3 - P R B IR X 5 SRR UK RPN 2 R A AT . L 10 ik e A )
FB\ AT IS A 140 A3FEA, 5 2011 AR FRAT FL e 0 b i B7F 2 A0 L, Tk R b 2 50 Fr 44
AR SAF R B2 W B IIE | Gomphonema micropus SRR R R AL R I
FEBERNE A 6]  FE WM ZS W) 0 A0 B — s 922 51 2009 452 55 X0 1 R 3 77 05 AR 0 10 405 4 1)
FE b R BUBORL BRSO T2 E AT AT iz A by i DR 0 B, O L o A B KA B 45 Bl 4
FEHAE U2 PO A8 U828 5 U d ki 0 TR 10 | T 2009 45 X6 1 e 150l ) BFF 5 PP R A5 1 18
R 32 S RIS W A 38 52 B 25 I 5 | TR B S M), (LR /K R AL TRt sh RS B U e 70 19
IR G S I3, (AR IR SR R P R A S P R L B BB i B R WL 1 b AN [w]
(1] | DI P B R AR R 0 A A ) J 9 225 ) S P DA 2R A AN ) , 75 G 75 ol 8 7S 2 f L 88 v
IKIAEZ B —E R RT5 Y
SRR, FL IR e A Y ) R RS A AL B AR KA PR 32 A MRS 2R SR RE I 5 SRR N
BRI TE 3 (BRI KR T R BT Gk B, — Bl e KR 57 05 iR B —
i, KR A2 R G4 BT KR ZS Tl i ACIRZSHE AR 1 DRHOR s s A A il A Ry i %, DA 1k L IR
I A S R — 208k
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