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Abstract: Periphyton and water samples were collected ten times from Gufu River in Xingshan
County, Hubei Province, from December 2010 to December 2011. A total of twenty-eight
genera were identified from the periphyton samples, and twelve water quality parameters were
tested. Factor analysis was performed on the twelve water quality factors, with four major
components, whose eigenvalues were greater than 1, selected. The first major component
was accounted by TN and NO;-N, the second by pH and CODg,, the third by PO} -P, TP
and NH; -N, and the fourth by Cond and TOC. The relationships between the nine extracted
dominant water quality parameters and the main genera of periphyton were analyzed by
CCA. According to CCA ordination, the sequencing of the correlations between the main water
quality parameters and periphyton distribution was: CODg, >pH >TN >NO,; -N >TOC > TP >
PO?~-P > Cond > NH;-N. Monte Carlo significance test showed that the distribution of the
periphyton taxa was most influenced by COD. and pH, and less by TN, NO;-N and
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TOC. Both pH and COD,, were strongly negatively correlated with each other. Most of the
periphyton taxa in Gufu River were strongly correlated with COD.,, while only Chaetophora
was fit for the low COD., and slightly alkaline environment. TN and NO;-N were strongly
correlated, but both of them were negatively correlated with TOC. These three factors roughly
classified the periphyton into two ecological groups: one preferring nitrogen, and the other
carbon. Though usually a limited nutrient factor for algae, TP was not a dominant influencer on

the distribution of periphyton in Gufu River.

Key words: Periphyton; Water quality factors; Canonical Correspondence Analysis (CCA);

Gufu River; Three Gorges Reservoir Area

EHBERMENMRESREN E B SR A
&, BRAEEMEMMEE, BAERERE, FEH
BEFA AL (WA epilithic) . KAMHY (ME
i) epiphytic) . JLER % (M I8 epipelic) . b
(FiEb i) epipsammic) . KA 30 (i3l i epizoic)
&2 RN SERAEPEEREEK
Thek: OTERRAEDRGE P TEFRE N BRI,
RKEESRGEYRBEARMEERIWEE -3,
QORMBRAESREPEBENIFATE, BRBUK
RS BELYITE; OERBA PRI
HAREERWIEM; @R KEEYRIEEER
HEFFINEMEE KRS, B, Bk
HARERPRE. WS TRE. MIREBR
BRRF AT, AHE RS A, BEERERK
BT, 5 A B2 VR I SR BB TR A AU S K
BEHPRGE AR AL, B oD i A A2 6 R B
gt 2Rk, BERSHEAE TR WL
XAHE RN REARE . AR KT =’
PEX—R X ARSI, IMRMREE N E
BOKER, HARRARE T MR X A IR R
B, S EBEEmE =mK ENAK R, FHi,
FrR i RAIMIRE & R ESHREANEAEREGH
BlEME, BFEENILSE RN FANE, K
BEPANE M A EERE b, BRATES E 7ot f s At
NiAHT, BRITE AN S EEKEE T
KER, DA H RKASEREIT s A SR
&%,

1 HEXE

HRFLART, AL THARARX Fr R
BIEELL, mitmBEREEE, YKk, B0
IR RAR, HE MRS IEFR (A T ) TA

FRW, (FILs 31°16%~31°41", &2 110°32'~
110°57 " 2 [6], BSR4 AR ZEAR DRI 4 1L B B AT
R, WHEEERATFXILGAFEI, LE(CEKS
DIE) fRBENS, WREA, ARiEE, AR
ALK KR, PiECEK S ZHROKE) L
B, hFEAOKERESE, WHEAER, KK
S48 FiCHE O ZmaE) R FRUE MK E
B, KB RRR A S,

2 MH5FE

2.1 HRRE

A 58 FE 5% T 3 9 L P A B 10 A RE R
(A1), SHRREMEEEZEL 100 m, M 2010 4
12 AZE 2011 42 8 A4 A Rk 1 (B 2011 48 1
A, KKEHIWTERAESL), 201429 AZ12 A%

w £ & B
GFO3 J PN == B 5

& FREO © 4 AT
: —t

BH1 GXTRKa6cEE
Fig. 1 Sampling sites in Gufu River



B3

FHWE: SR RAEE R SAERTFRRR 221

AR R, HRAE 10K,

IR EEFRBERP DR B W E IR
o, A RBEYLE S oAk, NEAak kit
BRI 22. 89 cm? (E4224 5. 40 om T8k
=) BFE, DEEETRIRIE, I3
K, AR IFILRER, RoEgE, BH
#1100 mL 2353 A 2 4~ 50 mL frAsii, FHT3E
Ky EME R, FH2 mL FEEHFTEE,

R IK R R A F I OK BR BB AR 7))
(HJ 494-2009) WHXB AR E . MIEHRIE, 81
BE R A 600 mL skEE, FHWBBRERILZE pH <2,
WL E T S8(TP) . BA(TN) | MR
BHA (NO;-N), Z& (NH;-N), — & b &t
(Si0,) . FETREE(COD)FMEFHEK(TOC),
2.2 BEEHEEESH

BEHPREWERAERLEAG T HEIRE
24 h, b BWEW, BAZE 20 mL&£H,

R CBIIA AR S TR AW 5 4047 ) P e %
EHE, WO 1 mLAME T 10 x40 528
TRk, 2HEEIRE, BoLes,
HESREEFESH (WA (FHRHE
FYIRCFEBRAKEE: RE. SREESI
4530k

¥20omL HFERAMTWEMESESSE,
WECO. 1 mL F 0. 1 mL g3 8AE+, 7810 x40
ERMET, MITEEE% EEWEE 100 MLEF, 200
MBS EER, WA IS, S8 MERE
P2 Fr, MR 2 AR EEHEZEE
+15% 245, THITHE 3 Fit#. &5, WIEL
HARTHUE, B REETE,

2.3 FEBNERPONE

P70 FE bR BT RS . VR R (JPB-
607) W E¥4E (DO) fiskig, pH L (PHB-1-S) Wl
& pH, B3HR{(HANNA HI 8733 ) Jij & H 3 %
(Cond),

i B R K Wi 4347 5 ) M CBE AR HLRE
MR E SO, WEEMEEE, HREMCICERE
WE TP, BRMEHREREI TN M- 2 S e B v I s
TN, 25 eeEkiie NO;-N, 44 Rl 46
JEEERE T E NHI-N, P 18 8% 2006 0t B Bk 0 2
COD, #Mpafb-Ae4r#asMR i E TOC,

2.4 HUERERSH
2.4.1 EBEFo9%H

HF o e—MEENEZ LRI s, ®
LR IR B AT MR, RN ERE SRR
HWMASEF, UL EN, MHBFOH
#:(SPSS 13. 0 for windows) X iy e Fi i Ay 12
KGR F AT, RIEFHEERT 1 RN %
BERS, ANATHEENERDEEETHRE
P, BXEMAWE, RATESEREEZTE, R
HIRAE T R REAFRERENERE T, &R
) BB R B ] RS K R B 7 5 R A 2 (R A
¥, B BRAFE | <0.30, FRFE AN
0.30 < | 778 | <0.50, RARFH WM KR
#; 0.50 < | |RATE | <0.75, BARWHEHXME—
B | RIFR | >0.75, FRFE MR R,
2.4.2 HBXEIH

CCA ZAEXT R 435 i Eehilf b & e i ok Y 29 3R
HHEF T, EATRIEREHR, HEARRKE
XN EREE T, BE KRBT
SRR F AT 2tk mE 5 2R HE P E,
RERATFT—RMWBERER, EERIINHETHE
SLRPERFH—FRELAE,

et CCA ZHT R 54T DCA 2rifr, LIk
Bz R BaE R AT CCA 47, DCA 3445
Ry 4 MNP ERKERRMERT 3 A&
& 347 CCA 2r#r, 7 W R FH 4R AR B 3EAT 434 o
HbEABRBEEERINBEMHENEENT
0. 30% WA B85 10 x 16 MR H-Y) Fh S
SEFE, ¥ 10 x16 HyREHL-)Fh4E %5 A Canoco for
windows 47 DCA, ZE4HTid B s EExT B i,
DMERERRA DR AR, THERAEXT = BEAR S B
HEFF= AR, 43T S8 G X log SCHF#E AT AR I,
A M PR E R ERRMERN 3. 139, B ZY
FhEE T #E4T CCA,

B F§ CCA( Canoco for windows 4. 5) %K+
SHTR KRR EREF 5 R RS
BERBBRHIATHN, LA RS A
KENHTEBEKFREREFHXER, 7£ CCA
SERNHFE S, SiERKKERBKEEF
EEEBEEEBSH MR RN, ERKE®
KHXRHBKR, RZB/D; FikERMHEr
ARFKEEFSHF AR R, Jefigk



202 MR EER

31 &

/MERYERR, RZBK, MK ER TR %L
M ROE MR T R TE LR R B b FAR X
L, BEMFAEREAR EBGEEE,

3 HRELW

KRN SELREELER

S ENLE MO, LR HEE R 28
B, RBTA4T17H, HbrEgEl &L, 158,
SEEITHWK, 9B, BE. WES 3B 1
B BN EEKRT 0.3%WEFI TR, KRiL
24, ®F Cyclotella, Stephanodiscus. Diatoma.

3.1

Diploneis., Gyrosigma, Cocconeis, Cyrnatopleura.,
Chlorella, Microspora, Klebsormidium. Closte-
rium #1 Euglena, %t 12 T 7K i B ¥ #4600 45 SR 57
T&2,
3.2 AFHHER

%t Cond., DO, pH. TN, PO~-P. TP, NH;-N,
Si0,. NO;-N, TOC, Ca-Mg #1 COD, % 12 i
KESHH SPSS 13. 0 # 17 R T4r 47, RIRIE
ERF 1 HWENERT 4 MERS, HERFER
BR#H 84. 86% , BEMESLBR 12 FUKFLE FHFRER
WEBAKIMERE(R 2, R3),

F1 HATEERXTERMENFEER(LIEWIE)

Table 1 Relative abundance matrix of the main genera of periphyton in Gufu River
WAEE ¥ & Sampling sites
Algae genera GFO1 GF02 GF03 GFo4 GF05 GF06 GFo7 GFO08 ZY01 GFo09
Navicula 9. 62 3.57 3.65 25.19 1.93 4,32 1. 60 9. 11 0.43 0.30
Achnanthes 4.12 0. 68 2.55 1.50 0.79 0.63 0. 63 0.20 0.12 0. 65
Fragilaria 1.65 1.21 1.82 16. 92 0.20 0.50 0.67 8.23 0.00 0.50
Cymbella 2.20 0.19 0.73 4. 51 0.00 0.25 0.67 5.23 0.12 0.00
Oscillatoria 0.00 0.00 9.85 0. 00 0.00 0.88 1.26 6. 81 2.92 2.25
Synedra 0.55 1.64 0.00 2.26 0.49 0.75 0.09 1.01 0.00 0.20
Gomphonema 1.65 0.00 0.73 0.00 0.20 0.13 0.04 1.52 0.00 0.00
Chaetophora 0.00 0.00 0.00 0.00 92.93 0.00 0.00 34.74 0.00 0.00
Stigeoclonium 0.00 17.95 57.30 17.29 2.87 82. 30 2.88 0. 00 31.23 91. 51
Melosira 12.09 8. 01 11.68 28. 57 0.40 10. 01 4. 47 17.03 20. 66 3.15
Pinnularia 0.00 0.00 1. 46 0.00 0.00 0.00 0.45 1.48 0.00 0.05
Spirogyra 0.00 0.00 0.00 0.00 0.00 0.00 1.35 0. 51 1.28 0.00
Ulothrix 0.00 66. 18 0.00 2.26 0.00 0. 00 82. 51 13. 42 39.73 1.25
Cladophora 0.00 0.00 0.00 0.00 0.00 0.00 1.08 0.00 2.79 0.00
Merismopedia 54.40 0.00 0.00 0.00 0.00 0.00 1.71 0.00 0.00 0.00
Synechocystis 12.64 0.00 6. 57 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F®2 HRAKREFRUER
Table 2 Values of water quality factors of Gufu River
KERETF B & Sampling sites
Water quality
factors GFO1 GF02 GFO3 GF04 GFO5 GFO6 GFO7 GFO8 ZY01 GF09
Cond 465. 31 396. 52 465. 31 450. 59 445, 39 448. 15 468. 39 469. 85 500. 95 444. 89
DO 8.99 8.98 8.99 8. 31 7.96 8.27 7.53 7.76 7.31 8. 02
pH 8.12 8. 49 8.12 8.40 8. 54 8.42 8. 36 8.55 7.98 8. 52
TN 1.05 0. 91 1.05 1.08 0.96 1.10 0. 61 0.96 1.05 1.32
POﬁ P 0. 01 0.01 0.01 0.01 0. 01 0.01 0.01 0.01 0. 01 0.01
TP 0. 01 0.01 0.01 0.01 0. 01 0.03 0.01 0.04 0.02 0. 02
NHZ-N 0. 11 0.13 0. 11 0. 11 0.14 0.17 0.09 0.19 0. 21 0.22
Si0, 1.96 2.19 1.96 2.16 2.05 2.45 2. 51 2.34 2.72 1. 81
NO3-N 0.87 0.73 0.87 0.82 0. 69 0.76 0.37 0.59 0. 64 0.76
TOC 14. 84 13.34 14. 84 15.98 16. 04 15. 85 15. 91 14.79 16. 67 15. 06
Ca-Mg 1.99 1.64 1.99 1.94 1.93 1.76 1.95 1.92 1.69 2.12
COD¢, 1. 31 1.27 1.31 1.19 1.04 1.19 1.44 1.34 1.57 1.19
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Table 3 Eigenvalues and contribution rates of waterquality factors in Gufu River

o FEFHERRT  Initial HEFiEss Rotated

Factors EIHE FETME(%) BEIEFME(®%) FRIEAE FETTRE(%) BERFTETRE(%)
Total Variance Cumulative Total Variance Cumulative

FA1 4,259 35. 493 35. 493 2. 683 22.359 22.359

F2 2.412 20. 099 55. 592 2. 661 22.178 44,538

F3 1.974 16. 449 72. 041 2. 437 20. 312 64. 850

Fa 1. 539 12. 822 84. 863 2. 402 20.013 84. 863

MNFEATUER, F—ERFEERE TN A
NO;-N, $F=F s FEMRRE pH #1COD,,, F=
ERSEEMRFE PO -P, TP I NHS-N, $puE
B4 FEMFE Cond #1 TOC, 9 Wi TR 4
SHEBKTF 0. 75, ULBIIX 9 TR FRAF f R K F
BRENEEHET.

F 4 HERAKREFEESHEFRETE
Table 4 Loadings of rotated water quality
factors in Gufu River

KA FEAEEFE5EEBELEWHEXRES R
R(COD,,) = -0.4926, R(pH) =0.4501, R(TN) =

-0.2029, R(TOC) =0.1781, R(NO;-N) =
-0.1813, R(TP) =0.0699, R (PO -P) =
-0.0528, R(Cond) =0.0419, R(NH;-N) =
0.0108, HiskAl%&, CODc Al pH X7 I 4 3
RYyFh B 2 A 3 A R IR R, FokOy TN,

WERE S S T RAT R
KEET Loadings of components
Water factors
F2 F3 Fa4

Cond -0. 329 0.263 0.171 0. 825
DO -0. 057 0.278 -0.282 -0.659
pH -0.185 —0. 831 0.185 -0.333
TN 0.933 0.020 0.297 -0.058
POZ-P —-0. 368 0.410 0.762 0.223
TP 0. 099 —-0.192 0. 863 0. 028
NH;-N 0.187 0.033 0. 866 0.227
SiO, -0.632 0.647 0.268 0. 209
NO3-N 0.900 0.132 -0.028 -0.287
TOC —0. 366 0.079 0.088 0.785
Ca-Mg 0. 368 —-0. 680 -0.226 0. 521
COD¢, 0. 087 0. 845 -0. 011 0.239
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Triangles represent algae genera; Arrows represent water quali-
ty factors; Dashed line circles represent algae; Numbers 1 to 5
represent algae groups.

Nav—Navicula; Ach—Achnanthes; Fra—Fragilaria; Cym—
Cymbella; Osc—Oscillatoria; Syn—Synedra; Gom—Gompho-
nema; Cha—Chaetophora; Sti—Stigeocionium; Mel—Melosira;
Pin—Pinnularia; Spi—Spirogyra; Ulo—Ulothrix; Cla—Cladopho-
ra; Mer—Merismopedia; Syn—Synechocystis.
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Fig. 2 Ordination diagram of dominant water quality
factors and dominant genera of periphytic algae in
Gufu River by CCA
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CCA 43178, CODc #1 pH Xy R H A4 B2k
Ko mmEmE R, HKA TN, NO;-N f1
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phora £ 5 pH & EIEM X,

(5) TN #1 NO; -N HR3RM IEAT &M, TR H
5TOC MFEIAHHARRR, BT RWELE
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