ISSN 1000-0933
CN 11-2031/Q



L J: / L E

XX 4
' 1) (SHENGTAI XUEBAO)
RS £33 F4H8 203F2 A (#FAT)
H Ve

ARt 5 2R G
BB R AR S RIE N i AL RGBT R ceereereeeeenenneenennnns Fu ek, EHRE % (1019)
Al € N iAo o e - T N b 4R A TR % (1031)
PR AL B IR G A AR R A FHE R coeeeeerrenereren s FRAI TR, IhR 4T, x| & (1042)
R A S AP ARG YA FOHE S cvveerrnneeri e £FE, L EE, % (1051)
B T B AL A G 2 S AL AT G0, v v ereernerne et e e et & EME, LT (1065)
MEEERES
EEARAR R AMY AT F A RFBEZIRGHIR e T o, A, RERA (1071)
FEEHT AM A B 3T £ K o L IE RSP BARG Frhyveeeeeenns rHEET,ZE E T E % (1080)
3 mapk B 4E RNA TRF K BARFRARIR LR m A SR ¥n - RESX B2, 32 2,4 (1091)
AR AR K L 77 e B AT BAL S E B B E e FHE,ETLE KR, % (1098)
FHERITRATERNEME SHEREIATEBE T A&, % &, EEMH,% (1106)
K5 S HE 5 A NI R B R B BN A GGG ceeeernerrrn e Bk, 2, 20T (1118)
N EZER BIRAEARATA 5 HAT B F T Ao B B R AE e XA N E L, (1126)
FACH X T B i 2 TR BE B B A BE B 7B PE B ) e vvememeneeneeeeeeeeeeeans ¥ B RAA FRE.Z (1134)
AR R H R OIFIEIER TS DR LS A EWHrm e REF,F f,FEE,F (1142)
et BHEMESRES
ABRGIRS SHELE FUS H— A FEEFE AT B—, B &8 HEA, % (1153)
R % AR TR A G £ R kA T B IR 8 RARD R A e

....................................................................................... %i?ﬂ,’g%?,%ﬁi%,% (1160)
AT HREFIET TR AR Y A S EARAN T % AL TR BTGB IR H ] e

....................................................................................... L ERT. R E, % (1172)
A BE AT B N KB R AR T e M AR AL AR, % (1186)
AP BE R IR KT E T ceeeemen et FEhm i, A a K, EERE (1195)
# A X 3 AR S A R B XA B S A A R T E KMAZR, AN 4% (1204)
AT Ak E A F LR IRACHE TR AU A B0 AL AR v WLk x| E 4 (1212)
R R AR K G 3 A A B 6 of R F A FAEAL e FkE, R N, THK,% (1219)
=N XFEFEIRES
Pei 3R AL R F LA % i R LRSI —— AR E T AH oo WEE AN, W (1230)
BAVERZGERITN PR A A4 SR £ 5 VAT J B 2R A AB] weeveeeeeneeieee

............................................................................................. JEAR R ADHOR, R L E (1240)

FiRRHEMEIRE LIE CO, o N,O BALAG TR oeerrnmerrnrrneniis BRFH A7, 240 F (1251)



i B T 1 =2 -l 3 2 1 A NE M AE (1260)

A T HEC-HMS BEA 69N\ — K R IB B FILBABET -ooeeeeeererreneneennnns AW AR BB SUR, % (1268)
KA T IE) Gash BEARAESL DN 2L 200 R4S LMK IE R B G FAR oovvvnnnnn S EER A, HER,E (1276)
K G LR FIARA LN R AR R LG AAR R TR Rovvverreeeeens WAL EER, K R, % (1285)
BRG=LES

TG A RGN EREREXRE-RRNE A RAARETRADFE oo Fm A TR BAKR,F (1292)
FoREI; FHAE A £ B EIERE A FEARB T BRI oo eereeeeeeeeeeennn F, A, R, % (1300)
HIE R e 3F LIE KA A AW AW BB T rf e W H TR, F B R, % (1308)
A Tt SPA SR S AN AT A SR AN oo WA, 7 AER,NFE, % (1317)
FAREG

HETFALS T EAELZMRL A ST AME FTEMA o 7k & (1326)
PEAEKFFAL0I3 FFRIFAFEFGITER coverereertiiii i (1)

BFIEARSECN 11-2031/Q # 1981 # m * 16 * 318 # zh * P * ¥90.00 * 1510 * 34 * 2013-02

EEEEEEEEEECEECEEEE

HEEW: A F—— A F RIS KRR T 2S00, SRR H SR RZER oKD 2R s STHE, AFE0
P AR L AR B 1T 2 LKA R 3 e v Rk sy . Bl A0 2 LU IX R K T, A 5 Ll ok R B MR , 2
T A K DR ANA L, e 20T P A SRR b, T B AT A 2 SR W, T e B, A 2 Tl B 31 G A A L v e
B A EI KR JE AR, K9 IR TT &R e E A B S H ke R A SR B &
MOEAL GRS R AT REAE A A B AT

FEREGRRA . PREFHEEE LMol k%% E-mail: cites. chenjw@ 163. com




5533 B 4 W) S = & il Vol. 33,No. 4
2013 42 H ACTA ECOLOGICA SINICA Feb. ,2013

DOI: 10. 5846/ stxb201205300790
PREZSC, MR AR , WHHR. I EARL T v X0 7 Pl /DK R (R B A 2524417 ,2013,33(4) :1186-1194.

Lin Z W,Lin S,Gu J G,Hu C. Responses of phytoplankton community to the construction of small hydropower stations in Hainan Province. Acta Ecologica

Sinica,2013,33(4) :1186-1194.

15 e 15 W0 B T X v /0N UK RS I Y i

WEX!, AL Mk, A

(1. WFEAERAITERE, O 5702062, R RSF KAWL, T 510632)

FEE R WEAE U 5 X R 48 /N K AL (4 I [, 43 AV T A R BT A Y i SR N K L 1 KK B T R
R (AR A /K HIT BOR AR IR AR RE S A T LUER A A o RS PR WA AN S 62 N8 178 i, 1 7 B (Achnanthaceae) | 54K
¥ ( Gomphonema) ZEIE ¥ ( Nitzschia) J5UI B 5E 5 ( Melosira granulat) | Ji 3 ( Phormidium ) | BR ¥ ( Oscillatoria)) ./NBREE ( Chlorella
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Responses of phytoplankton community to the construction of small hydropower

stations in Hainan Province

LIN Zhangwen' ,LIN Sheng'* ,GU Jiguang” ,HU Chao'
1 Hainan Research Academy of Environmental Sciences, Haikou 570206, China
2 Institute of the Hydrobiology, Jinan University, Guangzhou 510632, China

Abstract: Small hydropower stations ( SHS) not only play an important role in electricity generation and water resource
regulation in mountain areas, but also at the same time, impose ecological and environmental impacts. To study the
responses of phytoplankton community in rivers with construction of SHS, samples of phytoplankton from 7 rivers in Hainan
Province where SHS had been or will be built were taken and analyzed. According the results, a total of 178 phytoplankton
species belonging to 62 genera were identified, and the dominant species includes Achnanthaceae , Gomphonema , Nitzschia ,
Melosira granulat, Phormidium, Oscillatoria, Chlorella vulgaris, Merismopedia, and Navicula. Phytoplankton abundance
in rivers was from 5. 1x10*cells/L to 63.6X10*cells/L, the diversity index was from 2.73 to 4.53, and Desmids had been
found in most SHS. SHS had a great influence on phytoplankton biomass, species composition and dominant species in the
rivers. Comparing with thfe rivers with SHS, the rivers without SHS had higher Shannon-Wiener diversity index and the
composition of phytoplankton species were more balanced, Cyanobacterias and some Diatoms always dominated the

phytoplankton community in the rivers, such as in NDJ-JJ-9 ( Cyanophyta 25. 7% , Chlorophyta36. 9% , Bacillariophyta

E & :2009 4R 4 E AR E (KIXM20090002 )
5 B H#5:2012-05-30; f&iTHH3:2013-01-28
* MIRVESH Corresponding author. E-mail ; shengl01@ 163. com
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36.1% ), ZBJ-MMD-11 ( Cyanophyta 41. 8% , Chlorophyta 33. 2% , Bacillariophyta 23. 1% ), and WLH-SX-13
( Cyanophyta 29.1% , Chlorophyta 25.2% , Bacillariophyta 38.8% ). In the rivers with SHS, large diatom Achnanthacea,
Gomphonema and Niizschia becoming predominated were common, such as in CHJ-YJ-1 ( Bacillariophyta 91.3% ), CH]J-
YJ-2 ( Bacillariophyta 65. 9% ), and NDJ-GL-6 ( Bacillariophyta 56. 5% ). To phytoplankton abundance, most rivers
without SHS were 20—30x%10"cells/L, while the rivers with SHS were widely different 5—160x10"cells/L. The rivers with
SHS had higher average abundance and abundance difference index than the ones without SHS. The construction of SHS
had changed the hydrodynamic of the rivers, and the changed hydrodynamic might had played an important role in the
phytoplankton community. In mountain areas of Hainan province, most rivers were Shallow with less water flow. Stable
water environment was suitable for Cyanobacterias and some Diatoms in the river without any SHS. Once SHS had been
built, agitation of water body increased and lager Diatoms such as Achnanthaceae Gomphonema and Nitzschia might be
dominated. The construction of SHS would also promoted the biomass of the river, but weaken the stability and
proportionality of phytoplankton community by increasing fluctuation and agitation. Among cascade SHS, the barrier of the
stations, the phytoplankton community could still be some similar especially between adjacent SHS. The correlation

coefficient of phytoplankton community between adjacent SHS were all over 0. 9 with highly significant correlation ( P <

0.01).
Key Words: phytoplankton; community; small hydropower station; Hainan Province
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Fig.1 Sampling sites of phytoplankton in small rivers where SHS had been or will be built
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Table 1 The code of Sampling sites of phytoplankton in small rivers
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River Name of hydropower station Code River Name of hydropower station Code
constructer unconstructer

SY RN A I — 5k 3 CHJ-YJ-1 R A VLK Fa, il LR Ty B NDJ-JJ-9
)| e/ BB 1N} CHJ-YJ-2 T3 IR LA K ALk R0 T B WQH-HL-10
eI =k 3 CHJ-YJ-3 BRI, AR R Fb 3l R B ZBJ-MMD-11
b 22 5NN = Gk 22 1A Bt CHJ-QC-4 BRI = oKl L B ZBJ-ZB-12
b 2K L ST CHJ-QC-5 BbiT EEREI = B K H S R B WLH-SX-13

T F& 7K HL 3 NDJ-GL-6 SRR LA K b SRR T B WLH-ZGY-14

YiE 20 I BH K 3 WQH-ZY-7 T M LK H, s R T B TQH-NG-15

SCITL S MK L R WLJ-MM-8 R GoK HL T B TQH-NG-16

1.2 FIFEPINCRE E S5

FEMERE SR FHFLAE N 64 pum 427 R 400 IO 26 SR s A7 BRI AR ) D) 1 A7 46 19, BBt 38 e 4 O REAR | e
N 5% BIARE IR AR E E TR 2 BT BORE U 5 L RKZRBUK T AR 0.5—1.5 m /K#E 20 LIRS, BUH:
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BX41 AE4) B 100 1 400 £5 T SEAT VR AR D) A 40 MR, V7 WA A 2 4 o 2 AR S g 4y | i (AR

http ; //www. ecologica. cn



4 MEZIC A5 PR AR AT X g /N K R A ) I ) 1189

ERSEEEDS PECR A 0.1 mL A HEOHE . ARYEBURE R e AR 580 8 ST 450 h SR 25 0 T AR R sl 4528
WIIF PR Yy 4 % =5 8 M AHXT 2 #E 1 LA Shannon-Wiener 38 50 % 4 % FE i A W) 22 R EF TR, Shannon-
Wiener 848 H' T80 0F .
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2 EREHW
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Z YOS 21 B B A T TR A M EON B BRI T B, T 3 FR e S B es% 2 A, i rpagak
#: H ( Chlorococcales ) WIFPZEEUIR £ , 223K 74 Fh | (G ok P20 77% , Horp LIMS & ( Scenedesmus ) 35 5 35 )@
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SUBEZE 1 P S OB R TR R L, Hrh DU SE 48 B Y 28 U BE ((Niteschia ) | HL 5T 5% H 1Y 50 3
( Gomphonema) W 5c4% H W FHE B ( Navicula ) TSR % |

TEAYC A 85 20 10 & SO i 7K H 1) 8 B BEHE ( Desmids ) , FerboREIn — 2ok vl L 22 S5 =
Gl Z (BT B A 22K F I BHK FR Sl | 2T 08 7K Ll | = K R 1 R B 2 R Bk LRSS S A A R Bl
( Staurastrum sexangulare) 1A ffi FL 545 ( Staurastrum indentaium W. et G S) [/ 2283 ( Hyalotheca sp. ) \JT%%
1 B 859 ( Staurastrum connatum) JFE 538 ( Cosmarium moniliforme) 253 10 F, SRk i ] WA 4N
TR —REHE, E ARG TETE T A KA XA pH A | L S RVE IR A AR A BURR 2K IR Y T B R
R SR AR YRR AR (14 G A T R B, — R R L S T A XK A K AR R4

TRIFHE Y SR SRR (18] 2) |, F VDG FI R 80

BT = LR A R NER TR B 2, 5000 70 FIRL g0 | 7 .

72 Ff; BALTT-E 2 FT SOTLLIS TR AR R BORAR, £ o |

SR 28 BRI 23 Fh, Ol HARE R BLRIVK T B E ) | . i

RS AR R e ks R E5 | o 107

SRR TR B AR . Bk S| o .

RARUHUBTHIR O 41, e 13,05, 80 "5 A7 "

SRR AR T R AOY 40 B b &[] 11 g

1s.60, W U EE ks el (A7 A0 FA0T )07

MRS BN (L /K Hh 2 TR TR 2 77 IY33935% 23353358

HOPIFIAA 22 SR ALK R z22i2323 BIZ228:7

2.2 RN AR © o TTrEE ZENsgRe
M2 v IFE H, #5728 (Achnanthaceae ) 5 H% ¥ B AR

( Gomphonema ) . %2 W& ¥ ( Nitzschia ) . B0 B 5 ¥ e Sites

( Melosira granulat ) . % ¥ ( Phormidium ), i ¥ B2 HXRERZHEDFY

(OScillatoria ) . /J\ I;k 7;% ( Chlorella Uulgaris ) R ’TP %% Ecé’? Fig.2 Species number of phytoplankton at all sites

( Merismopedia) JFE ¥ ( Navicula) 7 F B B H 3,

AR L P (Pediastrum simplex var. clathratum) 223 ( Limnothrix sp. ) %3 X ZE ¥ ( Surirella robusta var.
splendida) WakT# ( Fragilaria sp. ) Bk AiEREE ( Gloeocapsa sp. ) ARHLIEEE ( Pseudanabaena sp. ) | Wi £ 4k
# ( Dactylococcopsis acicularis ) %5 R PLHEBE , PRI 2 BI040 22 530K, Hi 10 SRR S A ) 2L
DB TRERET], 5 ERFE Y 62.5% , 5 D RAE G FZNHAFE TR, 5 31.3% , 23 FZANHFh
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Table 2 Dominant species of phytoplankton at all sites

KRE S ft#Fh Dominant species
Sites 1 2 3 4
CHI-YJ-1 S Gomphonema sp. 5235 Achnanthaceae sp. ZZI W Nitzschia sp. FHE#E Navicula sp.
o (29.85% ) (27.72%) (14.93%) (9.60% )
CHJ-Y]-2 M 7E 3 Achnanthaceae sp. Z2IE 3 Nitzschia sp. JNERE Chlorella vulgaris & 4 12 % Pseudanabaena sp.
o (20.47%) (13.41%) (12.00% ) (11.29%)
CHI-Y]-3 #5235 Achnanthaceae sp. S Gomphonema sp. BRLLBE Limnothrix sp. R fa iR #E Pseudanabaena sp.
o (31.05% ) (13.07%) (11.44% ) (6.54% )
CHJ-QC-4 Z2IE 3 Nitzschia sp. bR i R G838 Micrasterias 75859 Staurastrum RS Cymbella laevis
e (+++) Joliacea( +++) sexangulare( ++) (++)
CHJ-QC-5 ZZIE B Nitzschia sp. Hh 5235 Achnanthaceae sp. SR B Gomphonema sp. FHE#: Navicula sp.
ha (33.35%) (18.94% ) (8.23%) (7.82%)
NDJ-CL-6 JINEREE Chlorella vulgaris KEER I Gloeocapsa sp. (B fA 5 Pseudanabaena TR Cladophora aegagrophila
e (18.67%) (14.69% ) sp. (11.94%) (9.18%)
- S0 I ” -
WOH-ZY-7 FHE# Navicula sp. f)l dﬂﬁt{ib JNERE Chlorella vulgaris WL YERE Dactylococcopsis
-ZY- na sp.
(12.71%) Sendanasaena sp (7.26% ) acicularis (6.66% )
(7.87% )
WLI-MM-8 AN EEREE Chroococcus HERINEEBE Microcysis JNERE Chlorella vulgaris
e Merismopedia sp. (29.34% )  (10.02% ) aeruginosa(9.78% ) (7.33%)
(3R Chroococcus /P22
NDJ-JJ-9 F2IE ¥ Nitzschia sp. KEER Gloeocapsa sp. Limnothrix sp. /FHE
e (9.34%) (8.30%) Navicula sp. /7B
Achnanthaceae sp. (7.27% )
N EE=E e
i Oscillatoria sp. Mot Fragilaria sp. Y 22 3 Lyngbya sp. T% e .
WQH-HL- 10 Surirella robusta var. splendida
(+++) (++) (++)
(++)
ZBJ-MM-11 i3 Oscillatoria sp. JNERME Chlorella vulgaris 35IB 9 Nitzschia sp. WS Gomphonema sp.
e (38.57%) (12.24% ) (7.11%) (4.34%)
- - ; RELEW JOkL B 78 18 Melosi 1
Uk L PELL3E Limnothrix sp. ikﬁﬁ:‘% il *ME B2 .e o.smz granulat
ZBJ-ZB-12 . Pediastrum simplex var. Ralfs var. angustissima Mull
Melosira granulat( +++) (+++)
clathratum ( +++) (+++)
. UKL BB B As S D I LT 4
¥ Phormidi . U] HE T Melosi
WLH-SX-13 Sk Phormidium sp Melosira. granulatavar. FURLELBER Melosira Dactylococcopsts acicularis(

WLH-ZGY- 14

TQH-NG- 15

TGH-NG- 16

(18.90% )

SR #E Gomphonema sp.
(+++)

ZZIE W Nitzschia sp.

(20.37%)

Bi#E Oscillatoria sp.
(++)

angustissima (16.54% )

EH B Stigeoclonium sp.
(+++)

i e JUE
Pseudanabaena sp.

(12.11%)

JNEREE Chlorella vulgaris
(++)

granulat(8.56% )

Hil# Oscillatoria sp.
(+++)

FHE#E Navicula sp.
(12.11% )

VELLEE Limnothrix sp.
(++)

7.97% )

WKL A5 AL Melosira granulat
Ralfs var. angustissima Mull

(++)

S35 Gomphonema sp.
(9.91%)

ZZIEWE Nitzschia sp.
(++)

CL S AL B4/ K i 2 R (B PR BIAA ) S5 Rl i AF 7 W 28 S . /K HUKEE T, A 6 A s B U
T CFATI N REBE T TR ZE L B (52, A 2 A UL 3Rl o350 D i o 1T -1 24088 e I T/ Nkt . LAl
ANKEKEE 5 AN AL H PF B A D DUt o W T A B, AR U e 3 B 0 35 f B D A IR BB o 38
I AR B B AN/ NER R AR T
HE—Zul e sk e =2l B2l oA T B AT SO B R i ol 31X 4 JE 2L /)y
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Table 3 Correlation of phytoplankton composition among cascade SHS

CHJ-YJ-1 CHJ-YJ-2 CHJ-YJ-3 CHJ-QC-5
CHJ-YJ-1 #H 5 R %L Correlation 1
e #E M Sig.
CHJ-YJ-2 HIEFR AL Correlation 0.958 1
=M Sig. 0.001
CHJ-YJ-3 HHIEFEU Correlation 0.946 0.994 1
BEM Sig. 0.001 0.000
CHJ-QC-5 IR EL Correlation 0.987 0.968 0.943 1
EYE Sig. 0.000 0. 000 0.001
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