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Abstract To study the community structure characteristics and main influencing environment factors of
phytoplankton in the Shigu-Yibin section of Chin-sha River, six sites were set up in the autumn of 2014 to monitor
planktonic algae communities. A total of 52 species of 6 phyla, 30 genera of algaec were identified through
microscopy. Diatoms were dominant species, which accounted for 65.38%, 74.07%, and 80.65% by species
numbers, cell density, and biomass respectively. The total algal density and biomass of phytoplankton decreased at
the dam and gradually increased under the dam. They were the highest in Shigu and the lowest in Xiangjiaba. The
diversity of phytoplankton communities in Panzhihua was the highest, and that of Xiluodu and Xiangjiaba were
much lower. The redundancy analysis (RDA) showed that total nitrogen was the main factor affecting the
phytoplankton community structure. The correlation between the dominant species and the environmental factors
showed that six diatoms, including Synedra acus and Achnanthes sp., were positively correlated with water level
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and negatively correlated with water temperature, indicating that they were suitable for low temperatures, while

Cyclotella sp. was suitable for growing at high temperature. Coelastrum reticulatum, Scenedesmus sp.,

Chroomonas acuta and Cyclotella sp. were positively correlated with total nitrogen, while Cymbella Affinis and

Nitzschia palea were positively correlated with total phosphorus, which demonstrated that they could indicate

corresponding nutrients in water.
Key words

FE U B SR A AN R G P ) G R
#H, ATKESREEYHEN R, EEEd Y
RS AR B ) R A8 A 2, SR A A RE
AR AYEERR, R R A O BB R AR 1 SR )
B ARONE, PRI X 7K A A 25 2R G 1Y) Al RS E A B
B i U R TR K A K BT PPA
B PIRRZ —, AN [F) A 6200 o BA AN R A St
Tl o AT, X R A Al i G,
i)z, SSHRERE, FeLbiide HAehsE i 3hse b il
B, W DAE SRR AP BT, 8 e
I K B TS et e EANT I LR 2, %
T WK AR & &R . TRAIEREEE AL A B TS
YU A SRR A S WA L, S E
X EREE A Al T AU

BRI B B, 5 B TR LR AL
LIRSS P W o WS - R E i Y DR R S E
(RS TP 7 33 B T OVR = e o DX U0 G VbV R
B R VL5 LR X i A sl i, &
TR R EA B, VIR AL TR, Bi%
WL TSI, R A 5 2R I DR K R 3l 1 0 A 1
VLB ACBIF S 7 4 VD VIR WA sl R i A
BT BE 6 A R AEWT T, MBLAF & . ZRETE R
Tofr S5 D7 A e 1A M A B 9 AR v AR A S B
PR A A 306 Sl 0 7 1 5 DS AR 52 0

Chin-sha River; phytoplankton; diatom; community structure; environmental factors

1 R 5AH%E
1.1 FFRXIGHER

SUPVLAR RV B B TR 80018 B X —
B, 4K 3481 km, kAL 50.2 7 km®, )i K
T 380 ARG 26%, KA 9% 22 7] 15 3000m, 7K J1 %
VEEE o A VDT A T 5 5 T 2R 35 AR T L ik X
A EEAEE . ARG ENL%. RN
s Ak 3, B4R 5—10 H PG X AL, 52 1 rE
Z KU, KRR 3T, I A AR RS 1) PG G
kA B VST AKBE, WRBEIR, WK
S, JERVTH R UE TR TR A EEOR IR,
1.2 XEAHE

BT LU W SR MR 4, S BRI
K23 53 45 7K SR A 1 B4 TR SR FEAR K S0, e 420
VLTI E 6 1 RAEWTE, AR Ak, 28
AL . BIEVE . BRI, M R E (B 1), RFE
i) A 2014 4Rk 2R (10 H), — J& P9 58 BT A7 R B B
H Y [R5 AR K
1.3 EENE

S MR R FH 25#IF Ui A W AR K 1R R 2
5 o0 IV of 8] 2212 4 20 () N AN A5 A S B B, 24
3~5 4350, TN 4% R BARE 2, 25 SR T 10x40
fi WAL, PEATANE SR . S R A LB

N\

NEE "\

%7 i
24° A
100 km
% o )
99° 102° 105° E
1 RSN
Fig. 1 Distribution map of sampling sites

572



|

By sE b UL A B I 0 AV A A R i [ R AT

G5, TEE SRR GN E ] S0 00 % #E Il
JE A8 /IR, T e 45 2 30 mL, 7E Wi A
TR A R TR TR R T 40 2808, S bl &
ok (PERKEZ) . R Bbe 2E Gk X B
AT PR AT, ) AS ] 58 28 22 A [] i 4 B or
SeR 5 VO BRI 22 LR A B AN R A R,
IKEEPRESE . SREE . B MBRBEE AR . R
FH Y SI-85 7K J5t 43 A7 A B0 37 00 72 7K I (W) %5 i 4
(DO)F pHAH, EA(TN). B (TP)FI BODs 4 ¥4
i A e B b R K RN AR I 4 AR ) (HY/T—
2002) K M AE o

1.4 EHBESH

s T KR R B

Vv
N.:ix XN, (D

i i

N, 2R B Fh oK A e R R i A 9 %) 40 B (A4S /L),
A g EOHE (4 T FR (400 mm?), 4 3% i X (mm?),
V. oW 1 LAKEEZUTTE AR J5 I RE R FL(30 mL), V
RIFFEAIK B (1 L), n AR RIS B | Mk
B EL (). BT IR B AR B N O 2 2%
BORNWE B, MELL AR E, AR 8 I s 2 ) L
TR ARIN &, 2 HH L 388 25 A A RROB i o A
BN SEPRARAR, B E S 1 #EAT IR AR, 15 %)
AR

WP R AR B A R .

AR Z FEE 35 %X (Shannon-Wiener index):

H==3 (pnp); @)

R Z FEPEFE B(Simpson index):
D=1-3" pl; (3)

FOA% B % = 5 B A8 B (Marglef index):
D' =(S-1)InN; )

U1 4% —JR v5.45 5 (Berger-Parker index):
d=N,, /N. (5)

o, py 5 iAW R TE A R R R TP L
i, SN EECH, N AR BB, Nopa LS FD
AMREE

K H1 SPSS18.0 S R 5 F A X ¥ 1ife 5 28 F A
52 208 2517 RDA TUAY 43 #7 Fl Pearson A 56 14 43
Mr, % Origin2016 & R i A4 F .

2 R
21 BETEMEEER

L RN E ARG T, A TTL 64
Sl A I S 6 1] 30 @ 52 Fh, H b £ 4 Rk
16 )8 340, B YA 65.38%; LRI 6JE 9
Bl EIRELRY 17.30%; FEE 3 FP, 5 B AL
1) 5.77%; EEMBRBES 28, & & 8 REn
3.85%; G EAUCH 1M, AR 1.92%;
A Ve HAEAS R A, R 1.92%.
SE i RE A A2 A TR Ui T 2SR 2 B R AE DL
1,
2.2 BETESGEHOYHAE

A B RE AT, A5 B I I A A 0
2 f % B2 AR Wi A, K 2 BTR

P2 T, 4 VDV A B R B 1) R 3 400 i %
N 80x10°~552x10% 4~ /L, s 4= ¥ & 4 0.090~
1.240 mg/L, Ao, 1m KM, B dE
fiX, Wem TR, WA EERE, LM N
RESE PR /NERSE . ST . QBT BRI AR B, A
5 A B YO 2 H B R 23.96%, 22.46%,
5.25% Fl1 3.49%; e A 4R S R FR e 12.24%;
W B 7 4.57%; SR Y IR S R
8.70%. M FARMEIEMMP R/ NEREE, S
2 YR A R R NHE Y S A AN A — B
WA R, s aE s b i ih 7 . %
FRSE . /NIRBE . IR BE . BT A 5 R
B, o0 AR Y2 H D 20.61%, 12.84%,
11.58%, 8.71%7F1 4.08%; [t i vh iy 2 & i e e
7.99%, FH 3 H R T 3.75%; T T R4 8 A0
AEDRT Tk 38 R PR R S A i RS/, R 2R 9
i LI AR, 75 1%A 7 .
2.3 BRUSRITEUES Bbe KX EXTEE

A3 R B AR 50 5 Bbe 98 TR 1 £E
P OBRE L SREORT R B AN M % B AL 3 BT R . AT LA
F i, BT S Bbe 98O B XA BE 00 E 45
TEHET, 76 6 /3l s A R SRS 40 2 R
FEAEZE 50 8%~57%; BRIEIKZ, FEASIARKH,
FEHA S A3 3G K, R R IS I A 0 S A
Pkt BT 22, AR A 4 43l 2 Bbe K i A BR
BT 2 o PR T T gk B RTY 200 RE  U
WEFRK, BB BOE OB L5 H 2% 3,
I Bbe ZOGILFE AL . BRI . MERIMAEE 44

573



RO (A RFEAR) BB 558 B3 201945 A
F1 STABTERZHREAM
Table 1 Composition of phytoplankton of the typical section of Chin-sha River
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Fig. 2 Cell density and biomass of phytoplankton
of the typical section of Chin-sha River

2.5 BARENREEFHEXEST

ABEFE 6 4R AE AR KT N 13.0~22.0°C, pH
{H 4 8.27~8.40, ZKAA&Mw K, DO 1.2~2.4 mg/L,
TN 24 0.69~1.76 mg/L, TP >4 0.03~0.11 mg/L, BODs
4 0.5~1.2 mg/L, KAk 264.2~1820.9 m, i i RDA

600 -
I 5B T B0k
-
& 4001
@gﬁ 300 4
&
§ 200 4
-
# 100
0_
A A BRE B mxl BHE
400 -

_} I 5B T B0k
~ [ IBbe# )tk
2300
S_.

:E 200 -
#
2
§
# 100 A
&
— 1 =
A BRI BBE FL mxil AR

TOAR 3 B 0 2 e IS B ¥ 2 R 8 B3 TR 52 Tl 7
B, SR S R

RDA 43 H7 5 — il F1 55 — 5 23 5 RE T 39.93%
H126.41% 0 B T8 22 5, FLABBE 66.34% 1Y 25 5%,
AT DL DR %o 4 T TR o] B 7 i i 2 R U ) i
BEREARRT . NI S AT LA, TN RS ek 45
F R e K (R*=0.893, p<0.01). N T 3582558
S5HWEENFZ MBS R, ve BN M 2% B 5l A 4
B 15 > 1% 09 08 S A 5 20 5% 320 47 40 56 1 43
Mr, 25 6 iR

P &6 AT, AN [v] 178 986 28850 B 45 DXL 19 M) i
BAHTRR . REFFFSE . s, SR, thoti &
I 25 38 0 40 it 2 B S KA e S IR A O, KR
B E MG, KA, AR FKRBEEAL, it
XL PRI RS A AR A ALK, M, /IR
BESAKRIEA G, RS S B 2L S Bk
EIEA G, XTREE SRR B N A NEREE L 4R
2 T e e Vo o g DO PR s L RIS D0 5 R R
B E M IEACOCR, XAESRER MmN B 5s . b

60 -
I s
504 [ Bbe% ik
0
f_
=
=
&
=2
g
B
]
A BEL BEE BL mxIl ER
4000 + I ST
~ [ Bbe ik
-
& 3000 -
% 2000
2
b
000
G ! ﬂ

A BEAE BRE R Mzl HRE

3 EREEITEUES Bbe 3E3EiEXTLE

Fig.3 Comparison of cell density measured by microscopy and Bbe fluorescence

575



JERRZZ(ARBIARD) % 55% H3W 2019454

2.5
—e— Shannon-Wiener
—=— Simpson
2.0 —o— Marglef
—o— Berger-Parker
ﬁL&
=
i
& 1.0
0.5 1
0.0

FE OBHEIE WK Bl SN mE
B4 & hiT SR TR R SR

Fig. 4 Diversity index of phytoplankton of the
typical section of Chin-sha River

Hh, ISR TE B ke RO 4 AR S pH W IE A OE,
2 2 G A B X U i RN BODs R 1A B I 4 A
*tt .
3 it

F8 4L B ARV 4 Vb VT K E W I IR WA 1) R AT
Hﬁ,kﬂ@%hﬂﬁ A S U 4 YT K B B

TR, RPLTFIEREY) 201 B, FRUEAE D) 50
ﬂi%;ﬂ%%i¢&KWEfE%ﬂoﬂﬁ%m

21w 5 -
1 -
N *SG
0 ;
g PZH o
(9]
<Q: 1A DO TN
~ XIB
-2 4 WT
XLD*® pH
T T T
-1 0 1 2

RDA1 (39.93%)

B 5 FiFREEBEESHERTFHN RDA 547

Fig. 5 RDA analysis of phytoplankton community
and environment factors

RIS 52/, FRAXT R, 2010—2011 4F 4
TPVTK B B 2 A o0 0.11 mg/L, #2540
SEXEEEE R 31.4x10° AS/LUO ) ARHESE K PE 2014 4F
A - H BRSO A Yo 0.402 mg/L, 2l
YImE o 251x10° A~/L, 3 i T 2 B BT 45 1 .
2010—2011 4E Ay B HE VR b, REBE 1) A e 2% B2 RN

AEPRRIRUS, G (R, HT RO R
R 53 38 o VAR 274 A T e

1 75.83%F1 73.81%, SAHMEGE 45K (74.07%F1
80.65%)— . FEUA CARITAALZ R, &VITE
B BRI, ek, WL, @

2009 4E R BT WEAEY) 1107, 5 ZAAH, AR 4 EBR R, G D TLT T AR Y R R 2R A BT
- Nitzschia palea I
-- ---. Synedra acus 05

r

Z WT pH DOBODS TP TN

-- ---- Gomphonema spp.

=
- Melosira ambigua
=

Cymbella pusilla

s
---- - Cyclotella sp. I

--0.5
Cymbella minuta
Coelastrum reticulatum
W R
. Scenedesmus sp.
‘ C T
- Chroomonos ocuto
N
: [ cE
Glenodinium sp.
Melosira grantulata var. angutissima R
Cym.bella (‘Jﬁims % p<.01
Oscillatoria sp. ¥ p<0.05

El6 EAMBMMIEESIFEETHEXMERE

Fig. 6 Correlation between dominant algae species and environment factors

576



|

i

By sE b UL A B I 0 AV A A R i [ R AT

W, BUAFEA BT BTE, (BIRRE RS SRR K A W 1
Ak

Bbe 7£ 2k 5 25 43T AT XA 3 14 -4k R 26
AT HF CEAN W 2N e, SR A R A
M IR S TR A B, IR T R RE T 2
TRZ AR, SOEHE I —FPAE A SR PREE h P ]
W LI 2 2R 5 i T VR, X A 9 A A R
SR e BEAR e, JF BB S S Sk . W
AN . A MBS (B, Ik R
FREVEERE . SR BRI GO B B AR, T
AR RIEEER R A(E B, 15 T SRR BRI U
W, FHT, SRR E BT T R EK IR Y
WA,

UTARR, PR RRER A — R 2R
WFFEXT R, Rl HAE RS T BR ) T pse 4 52E K
AR BT R I, TRl RE Y E AR
TR N B BRI, R A
R )FIAE YU AR LA A0, i e ek B VA O
T fi A B ARG B AR A AR AR 228 SR K A
PR35 o SR R ) G 1 5 A P L A 4 Y VR
2010—2011 4F A9 Iy sLAF 5T, L3 A0 45 AR
FREE. SFR B, WECGEIRE. MAMSE. hEsE
Pt R AN I AT B U, AR R
PU/INERBE | e TR A0 2 R A A W o P ) TR TE
FEBE R R UL, DT VTR R B VR R R
A T AR A R AR

T B S R A KA A R S5 A i 1 sl i B 2
S PR R P20, I ELK IR A e R A1, PR TE
R LR A e U DX A R A R R 2 R
FEMGIR A5 R AR P, AR AR EAT3E . SR
SR RSO A/ D BRI R S S i
BESURE G BRI, /B  K R 3 IE A G (RP=
0.838, p<0.05). WF5ERM, /NAR#E Cyclotella rososs,
Cyclotella tripartita Fll Cyclotella bodanica var. &
FE18~21 CH AP Ik, 7ERKZ: 4 Y VL iR K IR
B BB R BRI, NIRETE S
ZOH, (EREE L

pH {E 52 WK A ) TR R, i 52 Wi 77 D 35 26
(1 THE V& 45 4 K o3 A B0 R B AR R U7E pH
N85S, HBE BN % B I B KRB, Liu
P2 R BUAE KRR A R e W B 6 5 pHLIE ARG,
ARSI R —2 B2, WANTEA gL
XFKAR pH AT R 22w RE ), 0D 4G pH A )%

B AR AR AN B

VA S T AR T R B FR IR, DR ek
A —E MY BB R, KR
ST RRAR, LR 2 A R et S A 2 i A
G, ARSREAR, BAYEhiE, Kikd
P18 5 it SRR o 50 v o ) 2% 58 VX 8 YR 9T I U e
DIRERERRIE R DF T 22 BH, FEMK I, 2200 i )8 Akt
FFEEJE SV R U2 IEAH G C R, R AE A K K A4
VA S R I 5 IR AR A28 T . AP &5
PR E SV E A A AR, IATE S
VA S T B, B AR AR i e K 2 e 2
IOIEER IV ZERTE S 18

R E IR SR W B EVR A, A VR AT
Vg SRR ot sE b, W IR ) )2 Redfield
oA, RI9sE 2856 38 % 0 T R W R R AR I e R CoNGP
=106:16:1 A AL 241 PO IR K b, N/P ECIE &
FF 161, WoR ok PRI T LT, &V a
G —H R BORUBE LA A SO B 51 5 R 6.3 FiT13.9,
fik T Redfield tt, Fofth 4 434 0w T obfE . #F5E
FEOH, Rk B E R R A U A R SRR 9 T
B e B B B AT R A A BV Winter 48P0 RE
BEAVE RIS . SRR R R R AR . TR
(1) Picentino 1], 7EVA] i 32 & 5 F4k A KA HLIE Y 1)
B, X8 % KA LTS G i B 0E% ) SO R 25T
RO ARG R BU/NABE S TN B35 B, A5
FER WA PR AR I Mo 5 /R K VT U & S SR
fery KB APz | H . MEESE RN
BRI B E SRR WA LA BRI e B2
G BT B 220 3 5 A A2 ) 3 A TE A DG G
F, KPR RE S A A T R PR B I Tk K
W TGRS RIS IR T R R Y, A
ELVH 1Y Gravatai 1] HL, 75 J¢ 220 3 RB 46 7R K ARG
BLY5 G A E B IR A0 f e i 5 3 ok 52 46 AF 5T
RBEXT A B 2R B s, & BB s & A B T
ZE K, HAURAE — a2 R E, SaEmfikER 0.5
mg/L.

V7 U e 2 B0 5 28 ) oy A ANZ B K . pH
FUE FRER SRR, AT AR 2 B K SCAE BRI .
KX PR B S A R S, AR g R,
SR E R E KSR R I BB E T
B, DLAsEFhasin . o2 pioR SR T = R4
TR B 2 R X S R R B, R IR B BT
T 9 B A IR AL AT 5 3 R S AR B A7 35 Z op

577



JERRZZ(ARBIARD) % 55% H3W 2019454

TR, B B AL . AR5
HP IR I I R 1) R 100 A SR AR 10 95 2 40 2 I 43 1
kg 149%10° 1 80x10° 4~/L, A= 4 43 5 4 0.119 Fl
0.090 mg/L, MIMLFHAUYE &5, #2E Shannon ZHE4
e #0 . Simpson 2 B T8 A Marglef £ £ 1 45 %L
WA XA, AT AN IS B I 2 45 e e L
FIUGE e AE P A E TR #0A AS R

4 it

2014 4FE Rk 2, A8 4 VT A B —H = MR B 6
ANl SRS 2 617 30 @ 52 R, ARG YRRV
g AN BERE, LR R /NEREE . ot
WOREMEE . FREE. REBIEREE . W MR
ZERE, NAEYRRE, EER ek bt
BLOREFFEE . NAEE . BT, BREER
L SR RREIE R OEF

OB RO I AN M R, SRR
T 986 > 5 8 > 4 B > AU BE , Bbe 2¢O vk I 5 45 R oM
P> TE PSR B> BREE, IRy vk R o A o 2 R i
PR, X RNk R I S5 R 2 R

B L, RN I ST VR 5 R T R e A
Koo ASTRIE SR B 8 S0 IR 358 IR B i O AS T), 2R
EEFFEE . SAREE. SR, M EMmAE SRS
KL IEARDG, 5K IR ARG, ZINEREE I 5 7K I A
Ko R TE FREE FSTR ELBE M S pH IEMI DG, /MR
W.ORBIEREE . MR B S B R IEM
K, IEGHEERMA L ZERES DU A, e
F& R IKAR B FRARDL

FIVURT 7 Ui 5 2 00 A 1t R 75 2 AR AN
FIEZmA, N A G SR 2 0 TR

£ % 3Lk

[1] Field B, Behrenfeld J, Randerson T, et al. Primary
production of the biosphere: integrating terrestrial and
oceanic components. Science, 1998, 281: 237-240

[2] Feio J, Almeida P, Craveiro C, et al. A comparison
between biotic indices and predictive models in
stream water quality assessment based on benthic dia-
tom communities. Ecological Indicators, 2009, 9(3):
497-507

[3] Gevrey M, Rimet F, Park S, et al. Water quality
assessment using diatom assemblages and advanced
modelling techniques. Freshwater Biology, 2004, 49
(2): 208-220

578

(4]

[5]

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Tan Xiang, Zhang Quanfa, Burford A, et al. Benthic
diatom based indices for water quality assessment in
two subtropical streams. Frontiers in Microbiology,
2017, 8: 1-10

Stevenson J. An introduction to algal ecology in
freshwater benthic habitats. Amsterdam: Elsevier,
1996

KR, R, SR, KL R IL I BT
WA A L AR . T EREERE S, 2005, 25(6):
695-699

W st HE PR VI 58 I VL VR U 9 288 0 AT R ATE B K BIR
BLFFE[D]. FER: FEPKKE, 2008

e, WY, R, F. o EILH OB
AR GEABAMCHE . L AREF A TR,
2008, 30(4): 125-128

oKL, WG, ARmeE, 4. 5BV B g
Yy REVE S5 1 BOK BT A . N AR 2R, 2012, 23
(9): 2573-2579

JATTA, WA, AR, AF. =R PR XY % ST
WK Z R TEAN Sk AR B IR . P E BRI R
2006, 26(3): 337-341

Je R, XA, SRR, LU =k X 5
e VL DS B B R A K S . BB RL BT AT,
2008, 21(4): 104-108

XUNI, R, Fhia, . SUILF URAR R ki I
&R DX B B IROT e 5 7k AT SR R . KR
B IS RS, 2007, 16(5): 565-570

TOREE. SVTIAESL. ARKIT, 1983(5): 72-74
AR B U VLIRS A AT O e D A R . eVt
7%, 1999(2): 46-49

A, BEN.L. R EROKER. Jhat: B
*t, 2006

SRIER, BfEb, (E, . UK E Bk AR
Py REVE AR KoK B K, 2014, 44(4):
25-34

R, KL EWEH . frfA R E R R AR R
X3 it L ) 0 I i S W R 26 0 A AR BT 5T (D).
HPK: VUK, 2008

XAk, B2, KBRS, . I KR E B IR
B 28 sr A PR 4. P E PR W, 2012, 28(5): 6-8
R0y, EFRAE. WSS WAL R oKL
K, 2017, 36(2): 7-9

NI, XUWEI, PhEEHE, SF. SRONIE IR R
KA 5 IR T 1 i 25 AR AR IS . TV BRI
B2, 2017, 36(5): 662-669

IR, AT, WAkis, . 7 S R X U
T 5 b S L 5 IR A 7 OC R A IFSE. VLR
WRIR S5 EE, 2017, 26(2): 282-288



< VD VT TR T B R 3 O A A Vi A B ) LN B O

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

[33]

[34]

[35]

R, BTG RNE, & T RWBNEIR YR
T LS R I 28 O3 A0 RO GBS R T I e &R KA
ZRik, 2017, 38(5): 46-54

Malviya S, Scalco E, Audic S, et al. Insights into
global diatom distribution and diversity in the world’s
ocean. Proceedings of the National Academy of Sci-
ences of the United States of America, 2016, 113(11):
1516-1525

Kireta R, Reavie D, Sgro V, et al. Planktonic and
periphytic diatoms as indicators of stress on great
rivers of the United States: testing water quality and
disturbance models. Ecological Indicators, 2012, 13
(1): 222-231

sk, W, ki, . REBAXEIOLE R T
i 5 A A R R MR m. £, 2010, 30
(24): 7087-7091

IRV, kg, EREh, . R SRR X I 2k
AR, LR FRF, 2010(2): 384-386
FER, REPE, WIET. 25 & R0 R R
WESEASHETR 00 3 A . MY BL 754k, 2008, 26(4):
373-378

Pienitz R, Smol P, Birks B. Assessment of freshwater
diatoms as quantitative indicators of past climatic
change in the Yukon and Northwest Territories, Ca-
nada. Journal of Paleolimnology, 1995, 13(1): 21-49
TR, ZEFISR, ARV, S TR RE IR I K A
FF 1 ZH R S S (R R E Y. op B SRR A,
2016, 36(12): 3766-3776

M, W, B, % BEEENERYLA
SRR DX K A o T T 4 i T FL S A R R AT
LR, 2017, 15(4): 546-551

EW®, W6, RESE, & SEESE T E 5
BEAR BRI, B AP F IR, 2010, 1(3): 220-223
Liu Hongbo, Li Yanhua, Leng Feng, et al. Stage
Variation of phytoplankton and environmental factors
in a large drinking water reservoir: from construction
to full operation. Water Air & Soil Pollution, 2016,
227(9): 352-357

VR, XK, 2, % pHXTLRRKERA K
B, AER2E SRR, 2009, 32(1): 27-30
E/NZL, FEERGR, XV, S 0T W KR
JERHLEE. fb T.244R, 2012, 63(5): 1492-1497
M2, I K, MRk, SF. YU VE U Ak O T AR A
FRIE B 5 BREE K 7 A OCHE M. T8 RE2, 2017,

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

38(8): 3290-3301

Plaxton C, Lambers H. Annual Plant reviews volume
48: phosphorus metabolism in plants. New York: John
Wiley and Sons, 2015

Pefiuelas J, Poulter B, Sardans J, et al. Human-
induced nitrogen-phosphorus imbalances alter natural
and managed ecosystems across the globe. Nature
Communications, 2013, 4(1): 2934-2944

Salomoni E, Rocha O, Callegaro L, et al. Epilithic
diatoms as indicators of water quality in the Gravatai
River, Rio Grande do Sul, Brazil. Hydrobiologia,
2006, 559(1): 233-246

Winter G, Duthie C. Epilithic diatoms as indicators of
stream total N and total P concentration. Journal of
the North American Benthological Society, 2000, 19
(1): 32-49

Giorgio A, Bonis D, Guida M. Macroinvertebrate and
diatom communities as indicators for the biological
assessment of river Picentino (Campania, Italy).
Ecological Indicators, 2016, 64: 85-91

Dong Xuhui, Yang Xiangdong, Wang Rong. Diatom
indicative species of eutrophication of the lakes in the
middle and lower reach regions of Yangtze River.
China Environmental Science, 2006, 26(5): 570-574
Bradshaw G, Anderson J. Validation of a diatom-
phosphorus calibration set for Sweden. Freshwater
Biology, 2001, 46(8): 1035-1048

Schonfelder I, Gelbrecht J, Schonfelder J, et al.
Relationships between littoral diatoms and their che-
mical environment in northeastern German lakes and
rivers. Journal of Phycology, 2002, 38(1): 66—89
Femmer R. Algal community characteristics and res-
ponse to nitrogen and phosphorus concentrations in
streams in the Ozark Plateaus, Southern Missouri,
1993-95 and 2006-07. American Journal of Medical
Genetics, 2011, 78(2): 155-159

W, BAEE, BT, L RE . G ABE
FEXT A BRI B AR s . IRK M, 2014, 44
(3): 39-44

FRE. SR E KN R 5 B UL 1 BORE R A R
(D] &K EKKE, 2010

TINR, BRdE, BROKLL, 4. =K R K R B X
TR LTRSS m. T EFER Y, 2014,
34(7): 1863-1871

579



