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Functional group characteristics of benthic diatoms and its driving factors in the branch of
Three Gorges Reservoir: A case study of Ruxi River
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Abstract: The seasonal succession of function groups in benthic diatom and its relationship with environmental factors were investi-
gated in Ruxi River, an important branch of Three Gorges Reservoir. Results showed that 168 species of benthic diatoms belonging
to 27 genus, 8 families were found in this river, and these species were categorized to 8 functional groups including B, C, D, L,
MP, P, X3 and Ty during three different water periods for low, level and high water period, and MP was absolutely dominant. Re-
dundancy analysis suggested that seasonal succession of functional groups in the benthic diatom was mainly determined by nitrite ,
conductivity, phosphate, permanganate index and water temperature.
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PO PR IKIKJE  Crossetti 2518 %} Mangueira 1 Devercelli 25" X} Salado TA]  Xiao 25110 o 3 R 7K J3E Je 2
FHAE S BTG K PR ST R T RN BT S SRIAT, X R SE ) BE AR A ST AR R B R MR T )
Gk HA A AR SR S ELX K A ERA L PR 5 1 7 A SRR B AR A, B S AR
JENARESEEAT A )12 AT RAE RN K R A 25 AR A A SRR PSR (Y D0 50, 3 Bl A ok R iy

I =R BB /KR AR LT 8, AR BB R , K AR BIRE 3 0538 | SRt/ A o 8 R A e ™ 5, J) ik
DX K A A FoF 7K TR bR 250 7 A P U YR T e P X R SR — RN TR
SUR B G 2 S I AR, Atk A 720 km® | FHTE K 54.5 km, 76 B E TR AUA 272.9 km®
FIEK 25.4 km. EXE KR, EEE KB INEK 15 kn BYEGKX T BT, 6 TIOR8 A B T4
A XSGR A ik S T BT (R AIE LA B I 5 PR 2 ) 1 56 3R R WL AR SCHRTE, O T 4878 AN W T shi
T SISk S P 5 454 B T RE A Ak, AR F2 B T4 T L e XSS T o U G ki ) BB P 5 VRO BRI
VAR 7 VRS R 3R Bl PR AR BT, S 4033 BOAF N S 7K A 2R 28 R GU AR B R AR AL — 2 MR AR
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1.1 HEigE

ARSI VB BB (30°27 ~30°31'N, 108°1 ~ 108°6'E) IR IR I S UWE T 9 MER (B 1).
TR ARSI 2 A LW FAAAA R KR BRREMERES 4 A K. ST MR B B
A S IMEZK B SE 1000 m 2845 , JEAR R 3266 G FL S BB IR, B A S2.S4.,S6 S8 4 A ATk e Ak FEL 3G B K R
Sl | R K HL Sl A B B R IR K L R R TR S5 S3.S5.,57.89 K 4 AN L T RE I RE 5. AR R R Y
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Fig.1 Distribution of sampling sites in Ruxi River
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I8 % P SV FH T TR PR AR B R A DA SR 3R 1 0 2. 2 S 80K B4 HT4X DS5 (Hydrolab, 36 ) 3l
W E AARTAEFE AR (V) BWEE(SD) JEEE(T) K FOEIE (PAR) .pH SAALIBF HL A7 (ORP) | G 3R
(SPC) MR (DO) JHUEE (Tur) . ZKERAT BISLE 2, 2 HE KRR K W I 4307 75 i) 1) a8 SR 3R A . B
A (TN) FERRER (NOS-N) SEAEFRER (NOS-N) Bedh (NHG-N) B (TP) W fRPERERRER (POT -P) IV MEAE
FRER (Si0,) \FARMRER TSR (COD,, ) BB (Ca0).
1.3 HIFLER S

LI RERF 52252 IR Reynolds Fil Padisak' ™" S0 B AR R EFTRI 4. ] Excel S BUEMRE , SPSS 22.0 kAT
L0 AT, b IREE 7 AR B, SR DRSS R o AR & AR P SN F(EZ A5 0 i 1
FES M IREE T, A5 8 S T RFIAR DG 28k, R Canoco 5.0 B HEATHEF 2001122 . HEFS 400701, 544
FREARIEAT IR B 35X AT ( DCA) L4 ANl KRB R T 4.0, 38 FHILE T B 4347 (CCA) ISR/ T 3.0, 32 H
TUASHT(RDA) . ARSC 4 AR KA EEB/INT 3.0, Wi FH RDA 4307, bR pH AP H ARG B EAT 1g (ot 1) 5
e, HE1T RDA 43HTHT, H SPSS BRI R 34T Pearson AHIC /3T

2 £

2.1 R R AR R A B R A R Th e B

FEFIRII AR H K 3 AN R IR 9 AR s AR SR A TR A S5 SRR 9 MR s St S e
HEESETT 8 Bl 27 J&@ 168 B, oL RIS i L) 4330 R 6.55% i1 93.45% , FHIE BEE (28 Fh) (ZETB
PR (23 B FSRREEE (21 F) S EZOLHEE 435 i SR 16.7% (13.7% A 12.5% . AR A BE AN [A]
Xf 168 FhEEEEUEAT DI RERER 20, 45 & BH 168 R NI 430 8 NINREREE(E 1), 2918 B.C.D L, MP,
P T, X3. WAL (K 2) >k, i o AR L 481 B R A 2 MP 28 (62 Fl) , HIRCA D (29 F) , Bk C
(2 ) ATy (3 Fl) . FoKIVEAERE BE DI REEBE AR EL B 70 A S MP (53.45% ) ek, Hik A D(19.83% ) ,C
(0.86% ) Fe/IN 5 AR AN LU A5 5340 S MP (45.95% ) Bk, HIK A D(20.30% ) , C(1.35% ) Je/ v Ak Hi 19
LIRERERI S LA g MP (48.60% ) fit Kk, HoYR o D(27.10% ), 11 B L, (C(4% /5 1.87% ) it/ N ERTE , F

1 BRI A4 T RERE AL AL

Tab.1 Benthic diatom functional group composition in Ruxi River

Uiaet AR DA A SRR
B HE /N ( Cyclotalla stellifera) g 38 Hh N KA s X3 2 R

I8 /N ( Cyclotalla bodancia)
TR EBEBE ( Melosira italica)

C e/ N EE ( Cyclotella meneghiniana ) BB IR IR AR
D REFFF5 ( Synedra acus) Xt 2 H0R% R IR AY K AR
4 Wi 22 Y ¥ ( Nitzschia palea)
Lo VG 38 P) B ( Pinnularia tibetica) RER AR EFR PREREKA
MP YA SHE 3 ( Navicula lanceolata) B M KR

GRS 8 ( Cymbella affinis)

75 S B ( Gomphonema angustatum )
Jit 15 51 [53 3% ( Cocconeis placentula)
PEEFTE ph 52 ( Achnanthes lanceolata)
75 WZE #i ( Surirella angusta)

FlREAT 38 ( Fragilaria capucina)

P WAL 4% 9 ( Melosira granulata) LB LIRS R E TRk A
Ty A5 5 P4 3 ( Melosira varians ) R
JINIR S R 9 ( Gomphonema parvulum )
X3 RA[ LB ( Gyrosigma acuminatum ) & MRS TUE IR KR

TR I 2% 3% ( Cymatopleura solea)
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Fig.2 The functional groups composition of benthic diatoms in Ruxi River during different hydrological periods

K3 MP 27 (5 4 S {35 (7703.5 cells/em®) , Hk R €(2994.7 cells/em®) 5 Sk 3 MP 28T i 468 % £ #4
(2891.8 cells/cm®) , HoR o P(776.1 cells/cm®) s A7k MP 288E 5 4 XL 3 (12226.3 cells/em?®) , HK K D
(3107.5 cells/em”).

2.2 AEIRHIh LB SRE R FHZE S EEAS 1T

o T FARA R BT REEHE 5 BRI 2 ) 09 6 R, B B A5 1A 43 B AS W) K SR ARAE , 25 SR 3 B
(F2),FKH, Bk D LSk, AT AR I i 1 £ 22 A5 F. ¢ 5358 F (TN PO -P ,Ca0) P
H3WEREF(NO,-N,SD.COD,,) T, 5 pH MIFHIC R 5374 0.999.,0.978 ,0.891, P FJ/hF 0.005. MP 53
FHF(SD.Ca0) \B 5 NO,-N X3 5 Si0, AHSE R $5 714 0.875,0.710,0.676, P ¥J/hT 0.05. MP 5 C ¢
HEFL[R P EFE IR FoA CaO ,MP 5 P 28BS [R] 1) 22 BB I 4 SD, B 55 P 2R BEIL[RI i) = 2L5%
M) 2455 K724 NO;-N.

SEKIA, BR Ly T oh, AT BERE R 08 HH 2B WA A A BE [ . MP 5 3R8EHF (SPC TN TP \NO,-N |
Si0,) \B 5# A F(SD NH;-N) P 5# 55 F (DO NO;-N ,ORP) #1522 5043 34 1.000,0.990.,0.989,
P ¥/NT0.001. X3 53REEHF (Tur ,POT-P .COD,,, ) .C 5 PO -P (UAHE RE4M 514 0.958 .0.811, P ¥/ T
0.01. D 5T T AR RECN 0.735, P /NT 0.05. C 5 X3 FL[FEIAY B MRS H T PO -P (£ 2).

HiZKI, B8R Lo JB.C.P Ak, AT AR RS i v HH EZE A BB . T, 5355 H F (T,NO;-N PAR,
pH.SD.COD,, ) MP 5¥FEEH T NO;-N HIAH 3 R 437104 1.000,0.929, P #/hF 0.001. X3 538 H T
ORP .D 538 F PAR WAHXE R EH 0.729.0.750, P #9/NF 0.05. T, 5 D R By FE IR A TR
PAR(2).

D5 2200 R (3R 3) R ZEF/KI, B .C MP (P T, X3 ZEREM F{HIEHY 5.892~37.122,6 PNRRERZ
IREE R R MR A7k, B .C D MP P X3 ZEHERY F{HIEF R 8.229~795.697 , 52 31 35% K F 52 I 3%
K FER K], D MP T, X3 5B F{ETE RN 7.926~ 15589.766 ,4 S HEZ IREE [ 2 AU 4 K.

23 AR R HETESHERFHRHEXEST

BT A HT RS B TS AS [ Bt ) BE B 2B W i RS2, R RDA 4307 1A [ E6F 301 ) B B ol 4% B 5 T 5%
HFIAHDCHE. 25 R R, F/KIIRT , RDA 43 4s R Fh 28 5 5045 IR HE P Sl 0 AH D6 R B0h 1, mr s il ke
fE(E 55020 0.605 ,0.212, WIFh—IAEE X R BBE /P20 81.7% (£ 4) . fEHEF R (B 3) , 5%l 1 A
FRBYIEAH R T2 SPC, M 56 R BN 0.5657; Sl 1 A& MEf R Ay S SE I T2 NOS-N, #56 R ECh
-0.6202. 5%l 2 FHOCH IR R A IEAH DG R 72 TN, AHOC R4k 0.6368; Sfill 2 AHOCH IR R AR H T2V,
AR B -0.6519. TIRERE B.C D MP P T, X3 (% B 5 T NO,-N TN 2 iEAM X, 55 HE ¥
SPC.V 275 THAERE L, M3 5FREE KT SPC .V S IFASE, SHEER T NO;-N TN £ A%,

K, RDA 43Hrah B2 Fh 28 5 50855 R 7 HE 3 il i AH OC M R 80k 1, 1 PR RRAE 15 233 R 0.344
0.296, WIFi—ABE R M BAE 4350 64.0% . AEHEF B A Ll 1 AHSCHE S K IEA SC B F 2 POT -P, AH
KERBHN 0.6941; Sl 1 MISEHER KM FATER T CaO, MK R EN -0.6267. il 2 MM BRI IEH
KHFJ& COD,, ,AHRRECH 0.7741; 5l 2 AP K SAHSCHE FJ2& NH,-N, #HOC R £ -0.7329. Tifig
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2 NIRRT TRk 5 D) RS AR 2 S S PR 5 IR 1 3% 28 [l 23 A
Tab.2 Stepwise multiple regression between densities of benthic diatom functional classification and
environmental factors in Ruxi River during different water periods

KNG SHRERE G A AR SR B B A S 7 HXREHBR P

FKk B NO;-N y=-0.377+20.439x, 0.710 0.032
C TN,PO} -P . CaO y=-8.217+2.413x, +49.834x,+0.044x, 0.999 0.003
D _ _ _ _
Lo - - - -
MP SD,CaO y=2.584+0.221x,-0.115x, 0.875 0.040
P NO3-N.SD.CODy, y=-0.301+19.972x,-0.012x,+0.23x, 0.978 0.001
Ty pH y=-62.685+6.882x, 0.891 0.001
X3 Sio, y=2.492-0.64x, 0.676 0.046

Sk B SD \NH}-N y=-0.027+0.001+x,-0.153x, 0.990 <0.001
C PO -P y=0.978-7.456x, 0.811 0.008
D T y=-6.343+0.206x«, 0.735 0.024
Lo - - - -
MP SPC,TN.TP \NO3-N .Si0,  y=-5.735+0.027x,—8.09x, +14.634x;+32.221x,-0.079x5 1.000 <0.001
P DO NO3-N ORP y=-2.58+0.206x, —6.934x,+0.008x 0.989 <0.001
T, - - - -
X3 Tur.POY-P.COD,, y=-0.142+0.023x, +3.413x,-0. 1224, 0.958  0.004

iAKW B — - _ _
C — — — —
D PAR y=-2.808+0.033x, 0.750 0.020
Lo - - - -
MP  NO;-N y=-35.35+873.193x, 0929 <0.001
P _ _ _ _
T,  T.NO3-N PAR pH, y=8.855+0.418x, ~3.4394x, +0.004x, ~ 1.336x, + 1000 <0.001

SD,CODy,, 0.016x5—1.777x4

X3 ORP ¥=2.929-0.007x, 0.729  0.026

R 3 N[ I S T R G £k o ) RE Y 2 R A2 BRI

TR R R T7 22 0 Wit 4

Tab.3 ANOVA for effects of environmental factors on the densities of benthic diatom functional classifications

in Ruxi River during different hydrological periods

FK K MK
et

F P F P F P

B 7.120 0.032 148.454 0 — —

C 27.016 0.003 13.495 0.008 — —
D — — 8.229 0.024 9.016 0.020

Lo - - - - - -

MP 9.758 0.013 795.697 0 44.399 0

p 37.122 0.001 74.873 0 — —

Ty 26.833 0.001 — — 15589.766 0
X3 5.892 0.046 18.716 0.004 7.926 0.026

BT, X3 L, MEE%E S POT-P NH;-N R IEMX, 5SHEEH TR MAAHMHSE COD,, .CaO; TIRERE C MP 1Y#%
J£5 CaO \NH;-N 2IEM5E, 5 POT-P .COD,, R fAH. TIRERE D P B#EE S CaO . COD,, RIEMK, 5

PO} -P NH;-N S A%, ThiiE

2 0006 I RLEL YyN1T7—( A ARG

ap. e

B BEEE S PO -P .COD, BIEAHIR, 55 CaO NHI-N 2 ALK,
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Tab.4 The major environmental factors affecting densities of benthic diatom functional

classification by RDA analysis in Ruxi River during different water periods

KIEH  SEdER i1 2 i3 il 4
FKH R 0.605 0.212 0.095 0.046
FhZE—IRBE A S 1.000 1.000 1.000 1.000
YR EE SRR E %% 60.5 81.7 91.2 95.8
P —IRBE A St BRI E R/ % 60.5 81.7 91.2 95.8
FKHH RRE(E 0.344 0.296 0.220 0.098
R —IRBE A S 1.000 1.000 1.000 1.000
YR EE BBV E %/ % 34.4 64.0 86.1 95.9
YR —IREEAH M B TH 4%/ % 34.4 64.0 86.1 95.9
K RRAE(E 0.279 0.253 0.228 0.135
R —IRBE AR S 1.000 1.000 1.000 1.000
PR R BRI E R % 27.9 53.2 76.0 89.5
YIRh—IRBE A S BBV L H 50K/ % 27.9 53.2 76.0 89.5
0.81 0.8 0.81
P c W ihN (a)
4
o o o
Z T, \SPR(I’ Z Z
sio, ‘y / pH SD
08— — —ogl NHoN — 08l —
—0.8 Axis 1 0.8 —038 Axis 1 0.8 —0.8 Axis 1 0.8

Pl 3 AR BT Sl AR R 2% BE 5 A5 R F RDA HEJF ] (a) FK 5 (b) Pk (o) A7k )
Fig.3 The RDA diagrams between environmental factors and densities of benthic diatoms functional classifications

in Ruxi River during different water periods: (a) high water period; (b) level water period; (c¢) low water period

HiZK I, RDA 43045 S R R 2R S IR EE A FHE A AR S R0 1, BTPIAIRFE(E 4301 0.279,0.253,
PP —IA B R I BBUE 4330 53.2% . EHET T, S5l 1 MG B R 0 TEAH DG B F 2 SPC, M RECh
0.5880; 5%l 1 MR R M FARSEHE FJ& DO, M3 RECH -0.5515. 5% 2 A3 M: 55 K I AR ¢ B F 2
PO} -P MR ECH 0.4794; 5% 2 AHSCMER KA U SCH 7 /& SD, M C R 5 -0.5574. DhAEH#E B .MP X3
B 5 FE R T DO POy -P R IEAE, 5SHEEH T SPC.SD R FAE; DIAEHRF L, T, 3825 B 5 358
BF SPC .SD ZIEAHS, 5HEEH ¥ DO POT -P 2 FAAME; UifeHf C.D MEE%E 5B T DO.SD £IE
G, HIEEHF SPC PO -P R HAAHSE; TIAERF P M S U B 7 SPC PO} -P RIEHHG, 55T H T
DO .SD Z Ak,

3 itit

M TSRS —E B A TR, PN I TR e S o JE T A T KR AR S22 B S B 2 9k
Pz I R SR, S PR 0 BN A A AR b B PR BT S S M R AE , Kelly DA i b 3 A 55 s .
HF AL T B S B IF]  A Ff H BAR— RERO SR L 2 ) — W P A 25 8 R Tl 1 A SRR AR L
S TALG IS S RS TCRI K A AR A R G — HSZ B TCRE ™ 1T D R MW RS IE RE A% 2 it L5 1 2B A5 BT

2 0006 HHIARLEL Y0176 A FMAEE ke B E R 5 18 29%AN0 ! v ) A8 =2 AAd 4+  2°017/00 /990



1470 J. Lake Sci. (#ia#H3) ,2017,29(6)

S T AR AE EANK IR A S R G VR H 2 W B RGE N Passy $2 H i) “ guild” IRE e , Reynolds i (1
“function group” *'. “ guild” Fl* function group” J& ] i) , A It | #J23E T ol e MR 4 1 1 20 28 00, B X
ST T SRR RIS R R AR AT AL B T Blondel TA guild” BT £ R I AE B Jr 1
I, DIBERE function group™ ¥ 4 F #2524, Becker ) I IEAE ) T 8 A X b v i 7K P28 1) 327 D0 AT 40 0K B0
TEHEATHRSY  UESE T PR UAAE Y DI RE R A T AE i BB T A B 28 A8 R R SR 3 I NS 32 45 5 LA Bk
FETRIERE I S S A B D e T O AR AT o 32 B T TR A B A T TR 0 D B R M AR
DT IR  FRB R A S OIS, SR, A REBE A0 02 (8 TR AR, B P AR KR B oK
(AR Fp LA BRI 1478 b S TG | R R A0 0 S A AR R SR R A e G i Th R S R B
TSN, AR A K AR A 25 R GEmF 5 4 EL A AR 0 17 R A (" A SR FH Zh RERREXT IR ) JF e T 58,
KIRILR I A TG B ( Cymbella affinis) YEEHTEFHE 3 ( Navicula lanceolata ) 25 M HFh , ¥ )& F DI fg
BE Y MP JSBE BT ORI 3 AR RS T AR 2, B B EN 0.59 m JRHIIER 0.11 m/s,iX
55 MP 2B A BERHERIAE. Reynolds'™ WFFEREA , B T4 R Ay 2 B0k | b 3R i BRUOK L BB TR 52 I8 ' A 0 T
(ln MP 2SR BRI ) B AR IS FE K AR MR BT rp . A2 =i 128 DX ) 401 14 5 /K A8 Bl s i B IR S K A
BTSRRI S R VAT 3 AN OKAE R AR DD RERF P LA MP (R 1) XGRS T
I SR A 2 XA A AN [ B R AR 0 T RE R A S 453

P SR AR KR P R B TR BE R, S 5 0 SRS AV ok SR ARV 4B A0 A ) — AN L R AR
FER A A K BN [ D RERE I B 2 B S L S R B AR G (3R 2) , Horb AR 2 1) MP R 3 2%
JE 5 A R IR RS (] 3) . Leira SEMFSE & BLK M AL G 3R AR A0 5 SR IR 2 IE ARG BV RR  SR
1 B IR AR R R KA RV, MP SR AR K AR B UK FERE R S 3R T AR SR
FITF MP KB K X — 25 Rt 30F T I RERERE AL 1R 1 3 07 FH T IS W AU Stevenson 20 BF5E 45
IKAR pH 55 SR A B A — 8 I AH DG, AR SE I 3 AS/K IS AT pH 2R L IX [H]7E 7.93~10.11 2Z[A],
IR R A | 85 B AR AL AR X ], B 45 1 AT 2 IR K IR T 2888 5 pH RIEMSE, (£ 2) , X RWAILERE
TR PR RE BE T RERE T4 pH 2 5m UREERE  REE IN R Z — RBF S R B D T fig
TE(R 2) SKIRA G 2R 36 X BT K PR I TF 9 bt 2 3 D S RERF S5 1R A 06 #E— e TR YU iR
FEFE DGR AT A2 #E56G VR T, M T D DUREFE A K 90, N ORI P AL o 52 ik SRR VR R 2
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