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Abstract: In order to understand the stability of the phytoplankton species diversity structure of the Huaxi Reservoir on the Guizhou
Plateau after the ecological regulation of cyanobacteria blooms in March of 2017, the phytoplankton community structure of Huaxi
Reservoir was investigated in the four seasons from April 2017 to January 2018. The relationship between the main phytoplankton
communities was comprehensively analyzed using niche width, niche overlap, variance ratio method, Chi-square test, and connec-
tion coefficient. The results showed that there are 4 Phylum and 11 Genus in four seasons, among which Synedra acusva and Cylo-
tella meneghiniana were the dominant species in 4 seasons, which indicate the state of the water environment. The niche width of
each dominant species is quite different, the variation range is 0.120-0.814, mainly composed of wide niche species and narrow
niche species. Niche overlap between species pairs varies from 0.101 to 0.936, the more similar the habitat, the greater the overlap
value. Variance ratio method analysis shown that the dominant species pairs are generally positively correlated. The Chi-square test
shows that 9 pairs of 38 pairs of algae species are significantly connected, mainly distributed in summer and autumn, reflecting the
great influence of human disturbance and seasonal changes on the community structure of Huaxi Reservoir, showing a cross succes-
sion model of “unstable-stable-unstable” .

Keywords : Phytoplankton; dominant species; niche; interspecies association; Huaxi Reservoir

«  2020-06-23 Y ;2020-08-28 U &M F.
FE XK B RRHFRA T H (U1612442) Fsi A FRHE T H (B G F & AA[2020]6009 [ 2018]5805 FIEFHS X
$£[2020]4Y009 2 ) A1),
w MAEVESH ; E-mail ; qiuhua2002@ 126.com.



786 J. Lake Sci. (#3a#2) ,2021,33(3)

TR K AR S R G EE BRI GLE ) 3 AE WDBE 0AE , 7 J2E FIAT AE 25 R G ) T B2 A
G et DX A PR REE AT BB (0 s R, R G R R 10 I 2 e i S WK R 0, PR 1T
FAVETA WA AL ORI T B RR . MR TR IR P AR RE , O SARIHE (00 545 A A i 1 B s A A T
g EOVLI WK R 1 25 s 7

Az Z5A07 (niche ) A1 A A= 25 AP TS BAZ O PR Z — 0 TOFFE R AL OC 2R ETE 25 Wl Z RETE RIS 24
WS B EENSEME . A0 TE R e R AR B R R VRS B R A
AL AR PRI [R]— 23 [ 50 A b IE [ 58 4 SR IR B G, 1 P S R i B T ) — 8 % oy | 23 i) 2
VARSI , 2> tH B0 A SO BB I R P A 25 9 B R0 500 B 5 T O RIS VR R L TE AR IR A oK
DR AT R TV 2R 58 AT B R BCR. WEFERIE Y A 2507 5 AR A of (B I 285 1 , 30 BE S 4 M A UK AEZS &
GErh PRI Z I A RH LG R, X487 T2 AR W R A (A1 A AL 1) -5 7K AR BRIE 22 1] 4 ) 197 OC % AT+ 03
ERR

AT K 2 T T i TR F i B o S R KK, Ak 5 BT IR IXC, (52 T i )b T AE 39 B, 2 B P v
BRI K IR Z —. th TAEIR KT AL R e , S EOK BT LB AL, Wang 1% 52015 4 8 J1 4
AR IR EDURR M) Z2 3055 e A TR I e B, 3 o b R e vy, BT P A A A5 KUK 2017 4F 3 7 JEIR K
VB T A 30 d K 4R AT 22 8 (Aphanizomenon flosaquae ) B 7K A, A 38 izt (T FH JC8E w55 2804 25 Bk 5] (HP-1
) BREE AR F W) BRI B TR , SShtiRrEk 60 d BYAEZSIRTE IS  AK ARG B 1A R, (B o A5 3 e )
(REE S A TR Ol T ARG VR K PR A 25 R V7 U 0 00 o 2 R e 8 g B 3 , A% SR 7
BROK PEARAS AR R SE PEHEAT TOFTE , $a7s 1 — 4R AR A 245 2 AR % v 45 W b i 1) A ELARAE A
SR ZR LR B AR O AR T AR ML, S0 WY 2138 70K 2 3 T AL 00 A v 40 F AR 2 A R, S T30
TRUFRE IR T 5 AL AR i R S5 ER AR , 3 B BRI /K A8 AU R A 9 F Y.

106°35'50"E  106°36'40"E  106°37'30"E  106°38"20"E 1*1.*457?5%
L L L L

N 1.1 @87 %
} TERAK P T BT 37 46 SR T B, M 4 5
BRI IEIRIX AR IR 14.9°C , Hy B LW 315
km®, E# KA 1140 m, KT 33 m, F-HK
R 9.5 m, HIBLFEZ 5 2.3%10" m’. %5 TF
. 2017 4E4 A5 H(%%) 7 A 11 H(E%) .10 A
4 AkH 0 Tkm ok | 23 HOBKZE) FI2018 4E 1 H 15 H (4 7%) MHEIR
—— K P VR A B 7 % R 0T R R B I
P 1 AERAK SRR 254 HEFVA Y ) R IK K A K A
Fig.1 Distribution of sampling sites in Huaxi Reservoir — $&X (¥ S1~85 3 5 A RAEES (K 1) , 4%
FESSY 3 2, B2 (0.5 m) (P2 (5 m) L FJ2

26°27'N
1

26°26'N

(10 m) WA I e A 4 AN 7K B PR AR .
1.2 HRMRESHE

TP E R R RS RZ VR ERF ZA8 1.5 L AYKEE, STZImA 15 mL 45 [C R F &,
WS S F R 24~ 48 h 5 T W 48 2 30 mL, FEAH 0.1 mL 3R AE Wi S A e Al N b AT
28 MCERTHEL. B TSR EERRE N (P EMROK R — RS A8 1 Ko [ i Ak 38
UL ) 1 A

IRt B /KRG Y S0 7 7K Ui (WT) 5 M %0 (DO ) F1 pH 857K I 2850, R B 11 2000 2 3 BH
(SD). $iz B MR K A BT I & bn o) (GB 3838 — 2002 ) X 45 101 AL 48 A F 1790 22 , A0 48 LB (TP) L BLA
(TN) it 5 ( DIN, A5 A S A (NOS-N) (A S A (NO-N) VA (NH,-N) ) IE# Rt (POT-P)
HERRERTE S COD,, ) 45 4 2 a( Chl.a) ¥ JE (o P R A% ol 2



I — A% 300N B R AL E K B I LA R B A A A B R R 2 B S AT 787

1.3 HUEHHT
FAE TR (V) ' A e (B) T A E A (0,) 1Y 522 AR (VR) K 5 )
PRICIEME | X TR S5 M I 23 A0 (AL U HEA TR R S 10, A 43 51K

Y=Wlf[ (1)

&=1h-2ﬁ (2)
z(Pij'ij)

0y = (3)
Y PP

A0, = Zom - Zoik (4)

R = Aé. i = (5)

= S PP (6)

12
:WZ<Tj—t)2 (7)
m:é% (8)

A, n R R § R A RE, NV O RE R PR IR SR f A 2R AE 2SR R b IR R
H Y = 0.02 (W EIE R HEBER, Y > 0.1 X OLEFh; BRI AR SO TEE , Py =n,/ N TR YT i
TESR j AN BEEARAS (BIRAE £0) F A AE SR Ta ARB LU ). ny R RIEE ¢ R REROIRES j 94, N,
SRR i RO r TR TRR A BB ST F R MR L BUAE I A SRAE A TR 47 22, ST 3 SR BT BT 3R 1Y
T3 2% K IAE VR R PR AR 1 G 2.
e Je K Yates B SR E AR RIES AT RIS, AR N0
> _ nll ad = bel - 0.5n]7 (9)
(a+b)(a+c)(b+d)(c+d)
A XK RITRES 30 A RORAE B o g — KRR H B A SRR ASH b e S BB B AR AR B d R
BIR B RFE B 1T XG0 (1) = 3.841, X35 (1) = 6.635, T LAX">3.841 o5 Bt ] 5 205 1 | 355 X° >
6.635 F R AT R SE V) S35, T XO VAT FUME, R R DCHR A9 TE S MR R ad—be B8 , W1 ad—be>0, W)y
IEREK, L2 A 1 0K

ERS5H0H
15.69%
2.1 FiEEM LB MBS S E

2
e N g 4 ) “
RINES ey oab= \\
2,11 Fis A R BB A SRR, AR \ ///////.

K FERE e s VR S 1] 51 B, % ke i "I'I'f.’..“
\\ 0‘0
M (17 B, 35,330 ) SRS (19 R, B ////// // K
37.25% ) FNUEBET T (8 Fh, (5 15.69% ) , T 1] gt o \//
_ .

[738 7 B, 351 13.72% (] 2).
WM 1 PR ARIELEEITE LR (Y = 0.02) 3t 33.33%
W S B 4 50 W LA 4 1] 11 o A
1 Y5 R 4] .
(L3R AN L S 1 R R B A 25 5, %5 K Eﬂ. ZZ‘JC“ME,% ,‘*"“’ft,ﬁ%f%f' t’ﬂ’fﬁi{"”
5 ek A A R R K A T D 12 Lompostion TaTo 0 Phylopianion

EEHAR
BEEEEE

JJ333

species in Huaxi Reservoir



788 J. Lake Sci.(#3a#2) ,2021,33(3)

ISR BT TR DL F A o 32, T8 A I — = O U T, FA B i 230 i . HE P Rk e T 2R
ETFT3E (Synedra acusva) FIHJE /NREE ( Cylotella meneghiniana ) i 4-4F T BAGFR M Je /N IR 3 Ry 4R 48 %)
PRHFCY = 0.1) M/ NRFAEFE M HHEE (Y=0.573) Iy, AT ERE(D=1.068x 10" cells/L) f k.
R IRUHEY AR (D, x10° cells/L) RARHFE(Y)
Tab.1 Abundance (D, x10° cells/L) and dominance (Y) of dominant phytoplankton species

‘ ‘ 5% 5% e %%
P ] HeFHh
D Y D Y D Y D Y
1 FEFED] IS5 1.01 0.110 0.88 0.233 1.99 0.024 5.34 0.045
Synedra acusva
2 b TAER= - - - - - - 752 0.049
Melosira granulata
3 e /NFR 5 5.25 0.573 1.44 0.438 10.68  0.299 9.94 0.121
Cyclotella meneghiniana
4 EIE - - - - 3.43  0.089 — —
Nitzschia sp.
5 LRUE] VU Ff R R - - - - 211 0.029 - —
Staurastrum tetracerum
6 INERBE - - - - 3.05  0.073 436  0.041
Chlorella sp.
7 BRACHE - - 0.23  0.042 - — — -
Chlamydomonas globosa
8 W] T s £ 1t v - - - - - - 7.59  0.049
Pseudanabaena limnetica
9 Rk - - - - 2.80  0.028 — —
Chroococcus sp.
10 22 3 - — 0.19  0.027 — - — —
Limnothrix sp.
11 FH S8 R FC Al 22 F i 1.41 0.124 0.24 0.038 — — — —
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Tab.2 Niche width of dominant phytoplankton species (B;)

RFFN Fe=s JEES &S =
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W L — - — 0.371
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DU £ F AL T - — 0.310 —
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Tab.3 Niche overlap (AO,,) and ecological response rate (R) of dominant phytoplankton species

B ES e X
T

A0y R A0y, R A0y R A0y R
PR 1.002 0.487 0.079 5.712 -1.364 -0.267 -1.855 -0.273
UKL T A i - - - — — -0.56 -0.663
Mg e /NFR 3 0.06 13.52 -0.392 -1.249 -1.383 -0.379 -0.369 -1.74
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Tab.4 Overall association of dominant phytoplankton species

TFEIHR e g i X B AR !

i d S 4
Sl VR w ¥ [(XGosn(df) XGosn(df) ] FessioR
HZE 5 75 2 [0.103,5.991] ITE A3
" 2.541 38.12 4 [0.711,9.488] LTE NSRS
= 1.533 22.99 5 [1.145,11.07] TN
L& 2.786 41.79 4 [0.711,9.488] ITEASS'S

FhTRIR S PELE S ANTE] 6 BT/ | 76 38 MBI I, BRAS MR 235 (X* < 3.841( P> 0.05) ) By xS 47 29 X , Bk
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Tab.5 Average values of physical and chemical indexes of Huaxi Reservoir in each season

- WT/ DO/ . SD/ TN/ DIN/ TP/  POY-P/ CODy,/ Chla/
=73 .
T (mg) P mo (myL) (mg/L)  (mg/L)  (mgLl) (mg/L) (mg/m’)
52 17.15 10.98 7.84 1.86 2.54 2.18 0.01 0.01 2.10 5.44
ES 22.48 10.26 8.27 2.26 2.97 3.12 0.06 0.01 2.54 2.21
= 19.13 8.47 8.14 2.06 2.25 1.58 0.05 0.01 1.94 4.20
K7 9.29 5.92 8.31 2.48 1.31 1.82 0.01 0.01 1.57 2.83
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3) MR Pl IRLIPESE 28 R 7 < ALK PR i e A A DL R () AR b 22 S S8 TSGRk iR W i v 254
PR SE , & ZEREVE S5 0 32 SN AL BRE R T 5, (A TR A5 A b T AN TR 1Y R e B BL.

5 &%k

[ 1] Zhang X, Yi QT, Xie K et al. Nutrient kinetics of dominant species of phytoplankton in the artificial lakes formed from
land subsidence by mining activities in the Huainan coalmine subsidence areas. J Lake Sci, 2018, 30(3) : 713-722. DOI,
10.18307/2018.0313. [ 5K#E, 5%, WHILAE. I g R LR B 0 TF 2 0 st W 00 34 89 8 3R 3l 0 2. A RL7,
2018, 30(3) . 713-722.]

[ 2] WangZF, Zhang W, Yang L et al. Characteristics of phytoplankton community and its relationship with environmental fac-
tors in different regions of Yilong Lake, Yunnan Province, China. Environmental Science, 2019, 40 (5) . 2249-2257.
DOI: 10.13227/].hjkx.201810157. [ E4xT5, 5K, AENaF. S gl A1) P2 B Am A v R S O S 3R R R 1110
K. BB, 2019, 40(5) : 2249-2257. ]

[ 3] Li QH. Characteristics and evaluation ofeutrophication in Guizhou plateau reservoirs. Journal of Guizhou Normal University :
Natural Sciences, 2018, 36(2) ; 1-8. [ A5B4E. M s BOKFE R AT A AE RO, SO A 500 1 ARRL
fR, 2018, 36(2) : 1-8.]

[ 4] Qian KM, Chen YW, Song XL. Long-term development of phytoplankton dominant species related to eutrophication in
Lake Taihu. Ecological Science, 2008, 27(2) : 65-70. [ £%ZsMg, BRFM, KRB, KINTFIFH Y IL HFp KL 5
WERMERNCR. EERE, 2008, 27(2) : 65-70. ]

[ 5] LiuY,Zheng YY, Ao YY. Niche and interspecific association of dominant bryophytes on different substrates. Acta Ecologi-
ca Sinica, 2019, 39(1) : 286-293. DOI; 10.5846/stxh201711162042. [ X#, #R#%H , HofaH. AS[R] A R0 0 B
TP RS AL G RIS, 428254, 2019, 39(1) ; 286-293.]

[6] XiaT, ChenJ, Cao FY et al. Niche analysis of phytoplankton in an urban river connected with the Yangtze River, Zhen-
jiang, China. Resources and Environment in the Yangtze Basin, 2014, 23(3) ; 344-350 [ 5%, K&, W7y =4 V@
VLI T AL P A ) ST A S AL . RILRBR G IR 5 PR3 , 2014, 23(3) : 344-350]

[ 7] XuCY, YuQJ, Xu FJ et al. Niche analysis of phytoplankton’s dominant species in Dianshan Lake of East China. Chinese
Journal of Applied Ecology, 2012, 23(9) ; 2550-2558. DOI. 10.13287/j.1001-9332.2012.0358. [ e, arkkt:, &
R JE LT ) AR AR A L. N AR S 544R, 2012, 23(9) : 2550-2558. ]

[ 8] Wang ZC, Wu WJ, Zuo M et al. Niche analysis of phytoplankton community in Lake Chaohu. Resources and Environment
in the Yangize Basin, 2010, 19(6) : 685-691. [ {Ea5HY, 5 T34, AL WI4F. S RUFH Y & £ S ALY, KITH
WS PR, 2010, 19(6) : 685-691.]

[ 9] Wang X, Li LQ, Zheng BH et al. Composition and influential factors of algal function groups in Dongting Lake. China En-
vironmenial Science, 2016, 36(12) ; 3766-3776. [ TE&:, ZEFu , KRPIMEST. I 2 W1 V7 i 86 288 T AR 09 L JMURR AIE B2
S P, BEFRBERLE | 2016, 36(12) ; 3766-3776.]

[10] Wang L, Han MS, Li QH et al. Studies on polycyclic aromatic hydrocarbons in two sediment cores from the Huaxi reser-
voir, China: Assessment of levels, sources, and ecological risk. Environmental Forensics, 2018, 19(1) : 50-58. DOI. 10.
1080/15275922.2017.1408158.

[11] Ma XY, Li QH, Chen Q et al. Variation characteristics and influencing factors of the structure of a phytoplankton commu-
nity after an ecological regulation in Huaxi Reservoir, Guizhou Province. Research of Environmental Sciences, 2020, 33

(3): 589-598. [ Lhjkyt:, 2Rkt WRMEAE. A ZSURR G DL M AL B /K i e AE A0 A0 7 25 4 (V) 718 PR AIE RSy PR 3R



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

I — A% 300N B R AL E K B I LA R B A A A B R R 2 B S AT 795

WEERL2AAFSE, 2020, 33(3) ; 589-598.]

Jing XC, Tu QY eds. Standards for investigation of lake eutrophication; Second edition. Beijing: China Environmental
Press, 1990: 107-134. [ &AL, JEIEBE WA RS FRAL WA RN 55 00 dbat: P EFREERN i, 1990.
107-134.]

Hu HY, Wei YX eds. Freshwater algae in China—system, classification and ecology. Beijing: Science Press, 2006: 5-
1020. [ W15, BRENC. HERAKERE—FRG S IAES. U B EE, 2006: 5-1020. ]

Deng J ed. Atlas of common algae in inland waters of China. Wuhan; Yangtze Press, 2012 1-241. [ X, = [ Py fifi 7K 4
LS. DL KT AR, 2012 1-241.]

Lin SJ, He LJ, Hunag PS et al. Comparison and improvement on the extraction method for chlorophyll a in phytoplankton.
Ecologic Science, 2005, 24(1) : 9-11. [ARAF, BUSr#E, BOA . SRUPEY) it 4R a $EIR05 6 19 He B etk
AR, 2005, 24(1) : 9-11.]

Sun J, Liu DY, Ning XR et al. Phytoplankton in the Prydz Bay and the adjacent Indian sector of the southern ocean during
the Austral summer 2001/2002. Oceanologia et Limnologia Sinica, 2003, 34(5) : 519-532. [ N4, XUZ:#fi, T1&1 4.
2001/2002 45 3 2 R A HL 2%V KRR M U TR IR . TV ST, 2003, 34(5) : 519-532.]

Wan L, Zhu W. Study on phytoplankton predominant species niche in stagnation water of Suzhou City. Ecological Science,
2009, 28(2) : 152-157. [ JI78, M. FR M I ol ml 28 4 kK (A PR e AL o L) A A F 9. AR5, 2009, 28
(2): 152-157.]

Liang M, Jiang Q, Sun LY et al. Spatial niches of dominant macro-zooplankton and meso-zooplankton species in the coastal
area of Caofeidian. Ecology and Environmental Sciences, 2018, 27(7) : 1241-1250. [ #7%, 254&, P55, # 42 MmiE
RO B PR S O SR s (B AR A SY . A SRR AEAR , 2018, 27(7) ¢ 1241-1250. ]

Liu H, Guo PJ, Chen ZJ et al. Niche and interspecific association of main crustaceans in the nearshore waters of Zhoushan.
Acta Oceanologica Sinica,, 2019, 41(4) : 83-93. [ XHL, WA, BRNANSE. Sl 7 e 2 2 522 my AR A S OH
SFPERES P AR ROCRR, 2019, 41(4) : 83-93.]

Li X, Li JR, Li CY. Ecological niche analysis of dominant phytoplankton species in Wuliangsuhai Lake, Inner Mongolia.
Journal of Hydroecology, 2017, 38(6) : 40-47. DOI; 10.15928/j.1674-3075.2017.06.006. [ ZE3%, ZE3#t%h , 2z, N
5T S R TR IR I L AR 1 A= L4 BT, KAk, 2017, 38(6) : 40-47.]

Jiang WX, Fu XC, Tang T et al. Community structure and niche of macroinvertebrates in the Xiangxi River in Hubei, Chi-
na. Chinese Journal of Applied & Environmental Biology, 2009, 15(3) : 337-341. [ 7%, {8/, FEEGSE. FIEWIK
FRRAVCNG S W) B TEvE 450 B AR 2507 T SR A W24, 2009, 15(3) : 337-341.]

Yang WH, Shen H, Zhou ML et al. Seasonal variation analysis of the niche and interspecific association with respect to the
dominant phytoplankton species in Nanhai Lake. China Environmental Science, 2020, 40( 1) ; 383-391. [ ¥ 3CHe, HIH,
JAI B A6 S iV 7 DA 0 35 e A 2 R TR S5 245 437 Th I BABE AL, 2020, 40(1) : 383-391. ]
Kuang QJ, Ma PM, Hu ZY et al. Study on the evaluation and treatment of lake eutrophication by means of algae biology.
Journal of Safety and Environment, 2005, 5(2) . 87-91. [ %37, i, SAMEF5. WA S S AL E Y+
A SR ISR, 224 SRR, 2005, 5(2) ; 87-91.]

Wang CH, Zhang JT. Niche analysis of diatoms inFenhe River and Fenhe Reservoir. Chinese Journal of Ecology, 2004, 23
(3): 58-62. [ EARLL, KA. Uil 7K e B inl 8 rp (I ik e A= A BRI AT AR 75254k, 2004, 23(3) : 58-62. ]
Meng DP, Wang CH, Xin XY et al. Niche analysis of algae species in Taiyuan segment of Fenhe River. Environmental Sci-
ence & Technology, 2006, 29(10) : 95-97, 120-121. [ &4, F3RLL, FHEZEE. Y KIEBOK IR Rz B A S0
AT, FRER2E 5 H A, 2006, 29(10) : 95-97, 120-121.]

Liu SY, Yu XX, Chen LH. Interspecific association and niche research of natural forest in Beijing Mountainous Area. Jour-
nal of Northwest Forestry University, 2009, 24(5) : 26-30,81. [ X, AHe, BRIHAE. Jb 5Tl X RARPRTR AR Fif
TP EZE S5 AR S ALY, PEAbARAEBE =4, 2009, 24(5) : 26-30,81.]

Deng XY, Liu JG, Guo PJ et al. Niche and interspecific association of major nekton in Xiao Yangshan adjacent waters. Ac-
ta Oceanologica Sinica, 2018, 40(1): 96-105. [ X3/, XIEE, FRAHGEEE. /N LLAR I v 3= T ik s A= A0
KRS . PR OO, 2018, 40(1) : 96-105.]

Liao BW, Li M, Zheng SF et al. Niches of several mangrove species in Dongzhai Harbor of Hainan Island. Chinese Journal

of Applied Ecology, 2005, 16(3) : 403-407. [ BI53C, 223, AR, WGR & 7R 28Uk JURP LA ) ol ) A= 265 057 1F



796

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

J. Lake Sci.(#a#F3) ,2021,33(3)

8. WA, 2005, 16(3) : 403-407.]

Hu R, Lan YQ, Xiao LJ et al. The concepts, classification and application of freshwater phytoplankton functional groups. J
Lake Sci, 2015, 27(1) : 11-23. DOI: 10.18307/2015.0102. [#45), W T, M FIIASE. IROK 7 W A1) D) RE R ) 48
&Ry, AR, 2015, 27(1) ¢ 11-23.]

Qiu JJ, Wang YX, Li TJ et al. Study on the niche and differentiation of major nekton species in the Zhoushan Changbai sea
area. Acta Ecologica Sinica, 2018, 38(18) ; 6759-6767. DOI; 10.5846/stxb201803300680. [ sR4pH:, TkE , 254k
S5 S PR 3 2Rk S A AL B M IEE . A28 2%4i, 2018, 38(18) : 6759-6767. ]

Dai DX, Yu CG, Liu H et al. Niche and interspecific association of major nekton in the sea area to the east of the Nanji
Islands. Chinese Journal of Applied Ecology, 2019, 30(12) . 4249-4258. DOI. 10.13287/j.1001-9332.201912.033. [ #
AT, TP, XIS, RS B AR I M T2 S Uk B W A A L B R R A k. R TIZE 524, 2019, 30(12)
4249-4258. ]

Wu JM, Xu NN, Zhang W] e al. Seasonal analysis of the niche and interspecific association of dominant species of phyto-
plankton in the Dinghai Moat, Zhoushan City. J Lake Sci, 2019, 31(2) : 429-439. DOI; 10.18307/2019.0212. [ %4
A, ERUBHE, SKSCERAE. WL L M T i WA A DA A AR A L S A (e R 5 P 2R M oA IR AR, 2019,
31(2): 429-439.]

Li CN, Shui YY, Tian K et al. A study of niche and interspecific association and functional group of major nekton in the
spring of Wenzhou Bay. Acta Ecologica Sinica, 2017, 37(16) ; 5522-5530. DOI; 10.5846/stxh201605301035. [ 258 5,
KERR, MRS TN AT RNk A S O SR RS . 825k, 2017, 37(16) : 5522-5530.]

Zhang YF, Ren Z, Deng RY et al. Species diversity and inter-specific association between vertical layers in coastal natural
plant communities. Guangxi Sciences, 2019, 26(3) ; 324-334. [ k20, 1530, XBoRH4E. I H RV IR £
FEME KA T IR A, TR, 2019, 26(3) : 324-334. ]

Zhang XP, Wang MB, Zhang WF et al. Interspecific relationships among woody plants of forest communities in Pan-
gquangou National Nature Reserve at Mt. Guandi, Shanxi, China. Bulletin of Botanical Research, 2007, 27(3) . 350-
355, 371 [T, EA, oM. VRS 5E F R R D MR A AR I 7 4T, LT
2007, 27(3) : 350-355, 371.]

Xia P, Liu Q. Experience and enlightenment of protection and restoration of water ecosystem in foreign countries. Water Re-
sources Development Research, 2011, 11(6) . 72-78. [ B, X|1E. EIMKAEB RGP 5B E WA KRR, KF)
KIEWFSE, 2011, 11(6) : 72-78.]



