ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)

ENVIRONMENTAL SCIENCE

Vol.37 No.7

2016

FE R R AR R L £
# 5 % KB o




3% f"& ﬁ‘ § 378 BT

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2016 4 7 A 15 H

H K

2015 4RV T PR IR 21 {5 T2 1y [a] PM“%?E B+ et
------------------------------------ BAR, KA, KF, FZE, D R ORE, T 20, EA0%, £5, E/(2409)
L HCTTA B R RVEIL 5 FE P, AR TR R Y - P, 0240, B % % U #, £ 540, T 4,(2419)
P AT LLUTE L e 225 by 13 E 3 2% RIS R REE, BT BFE,DAE, K ER(2428)
FRASTILABATE PM, | A BRI BRI - cvveveeveeosseecs KL, G, 74, EiR, EFI, 4 (2436)
TV A TN B T T B B FE T A AT LT BT oo eeeeeeeeemmmmmnmniiiin e e e eeeeeeeeeans X, B K| E AEFHE(2443)
B AN T PR T AR V5 e SRR oovveeeeeeeeenoe W& EEHRR R, RRE, BFH, 0%, L H(2453)
TP X RS Ik S B T ZAMEAE B G I TFRTEHYTETR  wevvevvrrvrenmnrmnereeeeeeretememmiiinns BHEE EE A (2462)

WK SR RV 2GS I ] 5 A A L SN TR oA «+cveeerenmmnmmmmmmmnnns e s et ettt ettt ettt
......................................................... e Hik, HBE, T, BEL, W, M, 2 E K, FHEHE(2470)

TR -H T KA ) 58 B A HBRAL AT . LLTE T E IR TG0+ ottt e e
................................................ kK GFE, FRESEEA, RS EXE FEE,KEH X S8, %0 (2478)
P FAHT BLRLA R K I CO, Sl 1o 28 fHad A B IR B oo FW, G, FAEME, TR, HIX, K (2487)

K 2R = DX SR LS BL DOM A : SEb-PT IO - evevsevessnmssssnssssnin s
........................................................................... ;@fﬁ\’ /I%E, )571:/&, ;%t}j;gi, FEH , %"E%’, 5%5(2496)

WK SR =il g 6 TR0 P 1 BRI DOM HYCIEARAE . BEIEIERE  eeeeeeeeeeee e
........................................................................... A LHG, )E;I;/A’ A E FEF JREFH, EFFE(2506)

AS L X H KB R 13 R AR 0 AT BT R AR BE KU Ty veveeverererrrerereeeemennmnmne
........................................................................ b%E EF HH BEN B FTER KE T, EKAE(2515)
L SOK IR U2 ROV KT - ooveeeeeeomeemcoeccc WA E MM, E5F, R EH(2522)
K] TR A P PSR AR F R AS 22 BRI SR I AT IR oo eeeeeemeeeeemeenens Bk, Bk AT F A, 1L F(2530)
AR B LE AR Tl KA T ) TR R BE S LG EARAIE -ovvoeeeemememe e Ok, 0 RN, E5# (2539)
AU IK TR AT HE | AR IR S A REIE ORI AT oo WIEZ INEN KU, EE ILEA, EH R, R AF K (2547)
W R IR KRB FEN B AR G TS UL «eveererrrrrmmmmmnrsereeeere e 3N E XA, T, % (2556)
[ K ST AT R ZK A T BAM e eeeeeeereernenmmmimiiiii et FESE ANE R, B (2563)
MBI IE R 55 A 38 1 A K 25 52 T S TR LR M I -+ eeeeeeeeeeereemmmmnnnnninan e e e e eeaeeeeeans TR, KU, B £32(2570)
38 RS A R R TIRHB A ) JBRAT R +oveveeeesoeeeeoos B, AT, ME A, AU, B (2577)
ACE BT IR AR B = SRR - eeveeneeseennesnenes KW B KI T, PN, Ke A, X B3, d 2 (2586)
TEHES AR Co, 0, TEALIT —BRIRERFEME A G vovveerereermee FEW MR R, KA, AT, R E(2591)
WAKATTE AL —BERRAR M A G AR LB 12 eeeeeeessee e R, B, $ XL, E AU, # R # (2601)
TR A I FE AT B AL R JET 2 [ R TK G S ZS v vvvrvvemnmrreeeeeeeeeeenneniniiiiian, R, EAN, KR R, XL (2610)

A FE-Fenton- 22 5E T. 2 % ekl A= 7= R 7k v AOX ERT TOC P ERBTMIFIT ovvvrvrerrrrrrrenne
.............................................................................. SN I, BRI 4k e, BT, X4 R B E (2618)
Fenton {6 23 B 25 Ml TG HET5 U8 AOX YRURISY +ovevereeremneenseienens BRI, BRI, X BE, 3 B 4 PR B K M (2625)
PRI RS YOI A I S T BB AT HEREITA e vevevvrrmrmmmrererereneeeeeennnn X\ &K R KA ETE(2632)
T CANON T 200350 HABR ST 5 W0 BEBRIIFGY  -rvvvvererrrrrrrr s AR AR , %ﬁ&@ﬁk( 2639)
SIS SRR R BB RFEIISE ovveeeeoeeeeeennens BH DAL E T, AT, R KT (2646)

T BRI ER ABR A G T 285 B 2 A BE TR ERAT AT v vvvvvermememereetteeeteee e
................................................................................. WEE kL, ERE bR, TEY IHEE(2652)
NUA-DAS AL ZS UMM BRI AR AERIETE ooeeeeeeeeeeeeens AR, BT, B, AN, I ROk, K BE(2659)
AT I B S TR 0 B T B K SRR PR R A eeeee e B, T, HMEB, WY, XK P(2666)
LRI sariO1 (0728 BOH R FRRALIFEUR R ILERTE oveveeerevesnessnncscs B, M, IR, & EF(2673)
g IR AL R AL 2 FRT B SLWX, HOFRIE MBLAREYE  ooveeeeeeeermeeeneeeens B, FAKT, S, KH(2681)
SR TSV P B L AL A BRI R IT - oveeeeeeeeeees RHAE, MR, F A, KER, FiEU,F 2Rk (2689)
TR OR AR A WV X L T R ACHE IR AR, oo R PBE T, W ie K B4 (2696 )
MM TR (PLFA ) A I 50y V02 AR TSR PRI A A oo G R, RFAL, B A REA(2705)
R 1 G Ll 0 g8 | N L VAR B, IR, s 22 RAFE M, SRR (2714)
WXV N, O HEBCSCHBZIA A ooeeeeeeeeeeeeeeees FE,FEANE,IKERTR, BY,EEMH, MR (2721)
ANTFL AR DR AR IS B SR HE KA IR R R S SN, OFETBIETE +ooeveeeeeeeeeeees B, R A IR TG, BAMK(2731)
AT PEHENL I B TR - eoeeeeeee e, 5 M BT KA, R, R L, AR B (2738)
SHUAR G (0 1L A DL AR 2 R TR U I S0 ORI - veveveeemseenseeneenns BHE KM, R (2745)
ST HTGE B RS AR B TR X A R - ooeeeveeoe RAE,BER, B, 3% B, K 4% 7 (2756)
IRBVIE AL =W T A S 60 AT LRI LRI - oevooeveeesees s TR, EH M, L, %, BERK(2763)
WA BLIEXT 58 (0 S ML AR -oovvvvveoeo e B0 WYL MR, ETF, KR (2770)

TR AR S AR BT R MR T A A T T R HIAE oo v eer et
................................................ MM B EE KT, FRE,HE A, A, R X B (2779)

ZHTE Pl AT ZAR TR Ph. Cd . Cu Fl Zn SliALZ ARG PR LEARE - v vvvvvrrrrermemeeereetteee e e e s s
................................................... EER B, BN A A kBRI AR, KT, A, A E(2791)
P (] AT 55 4 SR T A JUARE B AL AR «eevevvmmmmmmmmne e e oo ettt WE Rt BT R HA S (2799)
TAKE PR SRAE R ] 5 y-Fe, 0y JH NH,-SCR {EVERTE  -oooevveeeee WA, BRR R, X, R REE IR A B0 F 46 3 TH (2807 )

(PBIRAVEITIRF(2569)  (HRBERMAMIERIFIN(2576) {518 (2744, 2769, 2790)



5537 BT 7 1% 3 2 Vol. 317,1;18.12
2016 4E7 A ENVIRONMENTAL SCIENCE Jul,

B Bz E B e xS BT im HE 7K 18 R Y i

WO AT RIG R BEA

(1. FUWRFEWEE2ERE, TUE 3152115 2. WivLEIE U R R AFr oL, 550 315211)

FE . PR AE VR AR A 7 R S R KA Y AR E e R R R SR hlEAZ O AE . B, 5%
T U SO LA A G R HE 7 R TR 4 ) RO X ST ST A SR R L T M Y PR A N L R L. W I b 1 R HEK
TR REE R ZIKAE  FIH Nlumina 52 ARME 18S rDNA IS 07 UiF 08 FUAX AR W R VR 0. FURE TR TR A 0 i BB o 48
i HU ] ( Protalveolata) . £F B[] ( Ciliophora) . H %[ ] ( Dinoflagellata) F12£ & #1258 ( Cercozoa) . 22 70 ISR 23 # & PRI Uiff i 784
A Z R R R R A EURIELE (s il K i g 1 1 R A S 3 S AR T 9 A B A A ) I B A
(Global R, yospy =0.422, P <0.001) ; S Mk 2025 PR R | BB, MH4RE o R B RE MAE AL 51 2 H 1. FilE
TR ELAZ AR W (9 25 18] 5370 RS A 25 (] B S R I AR DM DB (R = - 0. 192, P =0.039) , %% % 0. 002. Ak, e 5] 15
A BURM FURZ A YR} ARG = B 3 R R B 0 AR DG, TR R — R R, AT 3 B R IR B A AR S T A A
BIREAHYI G, 7T LAE RPN RHE K 3G R T /R FPRE. ASBIFSR I B T IR HE /K 38 TR R B EL R VR it A W R 1) 25 () 0 A R,
I AP IR HEAON AR ARON HR AL T R A A5 4.

SKEBIA  H) RHK; MO ERAE RS s IRSIE T S 8RR

FESES. X172; X826 XEAHRIRAD. A XEHS . 0250-3301(2016)07-2696-09 DOI:; 10.13227/j. hjkx. 2016.07. 037

Responses of Plankton Microeukaryotic Community to Increasing Temperatures

Created by Power Plant Thermal Discharges

DAI Wen-fang' , YANG Shi-ye', QUE Zhi-jia' , XIONG Jin-bho'*"

(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China; 2. Collaborative Innovation Center for Zhejiang Marine
High-efficiency and Healthy Aquaculture, Ningbo 315211, China)

Abstract: Plankton microeukaryotes are primary producers, bacterial grazers and parasites in the ocean, thus contributing essential
roles in marine ecosystem stability. For this reason, understanding how the microeukaryotic community responds to increasing
temperature created by thermal discharges is key to evaluating the ecological and environmental consequences of a power plant. In this
study, using an Illumina sequencing based analysis of eukaryotic 18S rDNA gene, we investigated the compositions of microeukaryotic
community along a thermal gradient caused by the discharge from the Wusha Mountain power plant in Xiangshan Bay. The plankton
microeukaryotic communities were dominated by Protalveolata, Ciliophora, Dinoflagellata and Cercozoa. A multivariate regression tree
revealed that mircoeukaryotic diversity was primarily controlled by dissolved oxygen (DO), followed by nitrate and temperature.
Thermal discharge significantly altered the compositions of microeukaryotic community, evidenced by an analysis of similarity ( Global
R nosy =0.422, P<0.001). A forward selection procedure showed that the variations of microeukaryotic community were primarily
shaped by geographic distance, DO, chlorophyll a, and temperature. The spatial distribution of microeukaryotic community followed a
distance-decay for similarity relationship, with a turnover of 0. 002. In addition, 15 sensitive eukaryotic families were screened, the
relative abundances of which were significantly associated with the discharge-induced temperature gradient. For a given eukaryotic
family, the pattern of enrichment or decline was consistent with its known ecological function, which could be served as bio-indicators
for temperature anomalies. Collectively, this study demonstrates the spatial pattern of microeukaryotic community in responses to
increasing temperature, and provides sensitive bio-indicators for evaluating the ecological consequences of thermal discharge.

Key words : power plant thermal discharge; microeukaryotic community; driving factor; spatial distribution; bio-indicators
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FE 0 AN I R T o U A ) A B T 4
DABSER TR (1 A% 3y 2 ) S A W AR ) R
TR A Py A T K 3G TR T4 Pl R R s A
AU AW EY, TR Y RERS T 1T
B A T U AL R A0 B 1 T TR ISP SRy 2 R
AR IR P R R A W R
F1A) W) 7 XoF 9 Al £ 400 TN §18) S Al 28 G T2, D R I
WS ARG SRR 5 T ESY R
Alétﬁ. 10] .

H A, PN b2 35 X T 7K 398 3 X V7 Ui 7R
AP T T — S5y, R B T iR HE K 3
TR T PRI Sh i BEE R A R Rt
0.52°C MIRFHEIF U E S RE W RA =5 H
MR A FEME R T L2 Y MO T IR A
Wy RIS BB TS A A0 VR R R
P, BRI B S RGBT RERR S TR K. X st
FZE R PEA R HE K 3 TR X IR R A% PR A ) A
KREVE AL T e mt B | 3¢ B R it A% A ) X}
TRTHAR AR, SR, 3 BB AfF 5% 32 2L 1) FH B A6 A U
BRIITFRNESN | A ZFEVE R A S 8 R PF A
TR K B IR B B A Sk i A AERERS . FE ) HL
RGP ZZM B, BLAk, Bk el 2 A0 X 3=
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SRR LT B LR MR v (9 2 18] o A R ik A I3
YR 55 ORET i L B BUR Y FAZ U B R R R
FEZRSEURMRE . DX T M 0 i F) K A A A B, AR
WFFERENS VT L T HEZK R PR I58 8 52 i S LAk
iDjest7/E e L

1 #RE5FE
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17378-2007 ) HybxHE T 205 . BERER (PO, ) AL
IR IO 5H Wi 1k AR £k (NO, ) FHBR 4R ik 5t
5 WABEEL (NO, ) HE A AL, @A (NH,)
FUIRIR AL 5 A5 % 5 (COD) FImsE i il
FREFT: ;A Th 28T TS ) (Oil) Vi B 48 Mo et i
ik AR a( Chla) R EABIPOEEE 70
JEHEE T E 7E 647 nm #1665 nm [ WOGAH , AR 2
33 Chla = 12. 70A, — 2. T9A,, A M4 K a 1
g 22
1.3 DNA ff2Iomatifl

AR BRI Z 100 wm K 8 JE e i 28 il i 0k
EBRBORI TR EY) SR 42 0. 22 wm FLAR DR B
(Millipore, Boston, MA, USA) fhiyE LAY, 1
6 FH I 8Y J) B e J , Rl Power Soil®  DNA 2t 5]
£ (MO BIO Laboratories, Carlsbad, CA, USA) ¥ iR
PRAE U0 B 42 B AR 9 . DNA, 3F HH NanoDrop ND-
1000 43 )% Jt B 3t ( NanoDrop Technologies,
Wilmington, USA) ] %€ DNA ¥ i F4f . DNA
ft = 80CRAF A .
1.4 ERFA Y 18S rDNA FER P8 K lumina
I

WU B i 24K S5 19 DNA 50 ng 15 R BEAE,
PCR ¥ HAZIF WL W1 18S tDNA L. 519K
3NDF(5'-GGCAAGTCTGGTGCCAG-3") 1 V4 _euk _
R2(5’-ACGGTATCTRATCRTCTT CG-3"). H: 7%
A1 5 S A T Mlumina 075 193 35 F1 X 53
eGSR 6 BiEE Y Barcode ¥4, PCR . S %L
WF. 30 MEFR,95C A8 30 5,55C iRk 30 s,
72°C HEAH 30 s, FeJ 72°C ZEMH 10 min' P, EEANEE S
PCR H 4 3 RIS 1Y B iy 2. PCR 7
PBEI B DR IN , 45 3 5 9 18 P O/ — S H ek
FESPE ) 250 5, PCR R B 4li 4k ik 57 & 4 1k
(TaKaRa Biotech, Japan). #]H NanoDropND- 1000
W5 VR B2 I, A FE A ISR B ) PCR PR &, 1E
Miseq KR v I S & 0 ( llumina, San Diego,
USA).
1.5 [lumina %4 4b ¥

FHLIE W ECHE ) FLASH 5% 44 9F 48 — o )9
HI14 8K 5 F Qiime ( quantitative insights  into
microbial ecology ) Vit & 43 A1, 4 & [T 45 F1 X ik &
PR RS 2 B 3 AL S H RS T
/NT 20 MBS, PR B > 300 bp (9K Y S,
UCHIME 2 4 it & 18, J UCLUST ¥4 J¥ %1l 1&
97% 1) A L K S 2 25 A OTUs ( operational

taxonomic units, ﬁj\ééﬁ%1/|5$ﬁ) H Pkt 7EE OTU
B A e 0 8 o AR R A,
PyNAST 7% Silva 4k 5 1 HE X, 3845 OTUs 899 Fh
AHAERECT . ARAE T EZEMNTE. T
Fit v B 0 ] R S e A AR b AR ) 1
W F 3 ( Singleton ) |, [7] B 38 15 X 455 4B it Bl 11 B
FE27 100 7% (X LA R i P SR AR A I PP TR L ) 12571
TH IR ot TR 3000 1 8 2 3 ) v 22
1.6 St

SIBIFFE T iR HE K 3G X LA AR W RS R R
HZ 7t B A R 25 7 (multivariate regression tree,
MRT ) fif 356 5 Wi FLA% 4 ) 28 e I IR B PR 72
FIH] Bray-Curtis [ 25 b ELA% GlU2E W0 7 45 H 1
A1 TR FE R i 22 500 3E AR BLE (analysis of
similarity, ANOSIM) R 22 S 1 @ R0 s R
K2 7 2453 MT1 (one-way analysis of variance ) H AN
() b R 39 R 3 T Y 22 57 W 2 k. a3 &S Rl BR
B -REVE AR LIRS B DY LA (AR ) 1) 25 T 3 A7
fiE. ph TR PR 1 ] A S LA K 5 2 B) R B Y E
FHOGHE, F) 1 56 T FE B 19 2 JC 2 MR A Y ( distance-
based multivariate linear model, DistLM ) i ik 5 H A%
WA REE BB N 1. f 52, |5 el
21 BRA G ( marginal tests ) PEAl L — PR35 A8 8 19 5T
1k, SR A3 ( sequential tests ) S [ 2545 0 1k
5 E A IR S AR OGO R IR 140 5 S R 7%
R R AR R ). AE B 95 XF N 43 AT ( canonical
correspondence analysis, CCA ) WP 7 G Y B A% 17 JiF
YRR SR | AR R A EOCR.
H Pearson AHICHE 53 B Pk 2 =F B 55 14 15 0 B2 (0 35 A
CHMRE VR T8 R B IR A 7 .

2 HREH

2.1 JHE K IR X K A B AR S5 £ R )
LR ARZK 35 H (P < 0..001 ) 35 1 /R 3z K
IR (2% 1), 8 R 0 5 M B HE K 101 A S OE
K (R =0.529, P <0.001, FZ/RFRAEME) . S5XF
RSt A5 W8 AH L, i i E2 | E4 A1 R1 39 2 ~3C,
Vi L1, 14, R3 Ml RS A& 1 ~2°C, #i 45 E6., N1
FIN3 AR 0 ~1°C. BLAb, MR HE K 3G 6 i 25 e AIG
TR AR SR 2R 28 a WRBE; BN T A R
Eh AT R A B RS A i (R e
FE ) BB A B (R ).
2.2 EAZTRIEAE YRR S5 R 4R
JidE F R — P8 IS  7E 14 AR5 IR
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452 352 55T B RE 3432 311 4 558 4%
Feol. ¥I—Au ) FE 27 100 )5, 78 97% B9 AR
PEIKSE3151 8864 OTUs.  T* I 4 Lk 17 i HLAZ 1
YRR T SR A A R BE Y L] ( Protalveolata ) |
ZF B[] ( Ciliophora) . B ] ( Dinoflagellata) | F2t

#: H ( Cryptomonadales ) | J5 42 8I1%) ( Metazoa ) | £k
% (Chlorophyta) Fl 2 i 12 ( Cercozoa ) S L34S R
(FR2). PEEIFZ0MEEREAIPET, REEH
22 i HUIETE AN [R] 1 Uk i T ARG R 25 e B
(P<0.05, %£2).

®1 BEEFERFLRIEE THHELRK

Table 1  Comparison of the geochemical variables among different temperature increments

B HE bR Xif 18 AT 0 ~1C AT 1~2C AT 2 ~3C p

RE/C 12.2 +0.09 12.8+0. 15 13.3 +0.03 14.4 +0. 05 <0. 001
R/ %o 23.1 £0.04 23.1+0.26 22.920.21 23.4£0. 10 0.548
M5/ mg-L-! 0. 009 +0. 001 0.011 £0. 001 0.012 +0. 001 0.011 £0. 001 0. 004
pH 8.2+0.12 8.2+0.01 8.2 +0.01 8.2 +0.01 0. 985
HEfR4E/mg- 1! 8.7+0.13 8.3 +0.09 8.2 £0.27 8.0 +0.09 0. 034
b2/ mg - L 0. 622 =0. 009 0.745 +0. 003 0.71 £0.01 0.74 +0.01 <0.001
WifREh /mg- 1L~ 0. 040 +0. 001 0. 040 +0. 004 0. 038 +0. 003 0. 033 +0. 007 0. 653
W AEAREL/ mg-L~! 0. 005 +0. 001 0.007 0. 002 0. 008 +0. 001 0. 006 +0. 001 0.351
fitifREh/mg- L 0.779 =0.013 0.773 £0. 045 0.801 +0.012 0. 898 +0. 002 0. 041
A/ mg-L! 0. 028 +0. 001 0.016 =0. 005 0. 025 +0. 004 0. 020 +0. 001 0.202
242K a/pg-L7! 1.30 £0. 020 1.02 0. 131 1.00 +0. 017 1. 10 0. 004 0. 045

1) AR N M 22 5 B3 (P <0. 05, BRI 2253 0T) , TR IF

®2 FEMBEEZEVMHEESELREE THENFEEILR/ %

Table 2 Comparison of plankton microeukaryotic assemblages among different temperature increments/%

UES Control ATO~1°C AT 1 ~2C AT 2 ~3°C P

P 33.9+9.7 32.1=+4.2 38.2+2.4 32.0+2.7 0.911
LEF] 10.2 +2.5 10.5+£3.4 11.9+3.6 16.0 £0.7 0.642
] 14.1+2.1 14.7+1.3 7.7+3.9 10.6 +6 0. 046
K H 8.3+2.6 9.6+1.2 10.3+1.1 10.6 +2.3 0.009
Jad:shi 4.8+5.6 3.2+2.4 14.8 £3.5 4.5+3.3 0.505
SEEED] 5.0+0.8 6.3+2.1 5.1+1.9 6.7+1.2 0.043
AT 9.0+1.9 5.3+1.2 2.5+1.6 3.4+1.4 <0.001
R ATE 4.8+0.7 5.1+1.4 3.4%1.5 5.3£1.1 0.522
Ml 1.9+1.1 2.3+1.0 2.0+2.2 1.820.5 0.969
HE 5.8+1.1 8.3+1.5 3.3+0.8 7.4£2.1 0.006

2.3 JRHEAKIE IR X B IF U A ) 2o A AT U 4
s AlE
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Fig. 2 Multiple regression tree analysis for identification of

factors shaping the eukaryotic diversity
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Table 3 Community dissimilarity test based on analysis of similarity ( ANOSIM) using Bray-Curtis distance

Control AT 0 ~1C AT 1~2%C AT 2 ~3%C
Control
ATO ~1°C 0. 031
AT 1 ~2%C 0. 027 0. 030
AT 2 ~3%C 0. 037 0. 029 0. 196
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Fig. 4 Correlation between the eukaryotic community similarity

(1-Bray-Curtis distance) and geographic distances
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Table 4  Distance-based multivariate linear model for microeukaryotic
community showing the percentage of variation explained

by forward-selection of variables

IREE AR F r AR ml e BRG] %
BA— G

23 [ B 1.33  0.038 19.4

MR a 1.70  0.007 12. 4

R 1.56  0.023 11.5

T EE 1,51 0.035 11.2

iR 1.50 0.041 11.1

W ER 1.28 0.174 9.6

G 1.25 0.161 9.4

AR 1.24 0.170 9.4

BICHLA .22 0.175 9.3

pH 1.19 0.183 9.0

RS A S 1.17 0.190 8.9

REA 0.81 0.758 6.3

A 0.72 0.882 5.7

JR I

25 [a] R e 1.33  0.038 19. 4 19. 4
M2 a 1.99  0.041 13. 4 32.8
T4 0.64 0.045 10.6 43.4
R 1.37  0.049 8.9 52.3
G 1.37 0.168 8.6 60.9
BIHLA 1.15 0.299 7.0 67.9
RN 1.00 0.445 6.1 74.0
THAR 0.92 0.532 5.7 79.7
KA 0.76 0.577 4.9 84.6
WABAS A 0.86 0.494 4.5 89. 1
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Tk 22 & 1125 ( Cercozoa) . HEI HL ( Alveolata)
AR, Horp 13 ADRPHES IR GO OC  BINHY IR3 2
HARXF FRE AL 2 D HREEMC (K 6). RE



TE U O A A R X FiL Tl K 00 L P i

2701

7 W74
2 |
® Control I 2 B
O A7T0-1°C | °
¥ AT1-2°C :
I a ar2-3c !
| e
S v ! =
g an | — A
= 0 I A e
< v 1 [
S v — l \
“ I
| = : S B
3 Jg !
|
u] ! o
-2 ! ! : I 0
-5 -l0 05 0 0.5 1.0 15
CCA 1 (36.8%)
5 HEMEANBEIEGMENEEERS

RNERTF, THEBEMEEXR
Fig. 5 Canonical correspondence analysis (CCA) revealing
the relationship between eukaryotic communities and

environmental factors, the spatial distances

X 15 PR (A AF T 3 B (8 22 K, (HAE M K G IR
RS T AR Az b (| 6). [Hitk, ]
PIAE R 48 7~ T HE 7K 38 TR R B A 48 s Fh .
3 it

Bifi 5 ) 8 % U6 VR I B ) T AL, R R VTA VTR K
LB TIREE AR AR S R A TR HE

K I ERBR LS B RO B TR A W), e PR R
W LRV AN B0 A1 1Y), 39 B 88 I 5 Ml e

# JR i 45/45FL il Cercozoa; Thecofilosea

# )¢ 135/ Hi 43 % Gran-4 Cercozoa; Novel Clade Gran-4
# Jit s 2/ 4+ %2 Cercozoa; Novel Clade 2

4 Ji s 38/ CCW10 Cercozoa; CCW10

4 JiL sh 5 / ek B} Cercozoa; Vampyrellidae
A% PEHI . Unclassified Alveolata

Pk /IBHEE H Alveolata; Dinoflagellata
FE30 Hx / H1 340 Alveolata; Dinophyceae
WA/ ML Picozoa; Picomonadea

414 € i / 4} #i L Choanomonada; Clade L
B/ WiBa#E Cryptophyceae; Chroomonas

[ Mi 44 / 4T Cryptophyceae; Rhodomonas
SESEME ]/ 2 M43 H Haptophyta; Prymnesiales
SEMENE] ]/ 4 ¥E M Haptophyta; Phaeocystis
0]/ BB Chlorophyta; Hemiselmis

T EAZIRWE Y RIS AL, DR A T S BUE R L
SEAFREEIN T, R L3 T BE S48 75 1 i i R A
BRI FAZ AR R, 3 R PPN IR R KO A 2 R 8
ARSI S A 1T 4 M0 A 2 3R .
3.1 LU T RO AR A R v 2

R Tl A M N 1 A A Y K B
R K R B PR o, AU, A5, Pk
PR AE  THAS EURNI B S 5 ) A% O Ui A= ) 22
PER) EEN R (K 2) . IFH M sh Y3 o fhE =
A=, DRI it 3 P it A Ko AR BE A8 1 i S =2
FEVE. AL RS BN MK IR o EE TR,
REAE P lir e S PR L VIR, e ik R A . il
SR PE R AR AS RGN, D2 BE T 2RI AN ERoE FAH
XtE RN (& 2) , BEmisR 1RO A T i AR
VIRIRETR L. AWT R A B A | R BT
ANREHEE H 25 2 28 0 33 5 O A% A 1, AR DL
TR LR T B | R e
YA F B, TR I Y A% A W) A T B R A
A X RA — S W . A, YR 2 R
TEBIFI YRR (8 3) . KU, TER
Lo ) IRLHEK 15 R s T R A A R
Wesh¥ ™ RETE A, 5 b 7E e e IR AHEK
SR A RZ MR B L B R B 1 R i 2, I
PR TR R R I 1] RUBE b ) ] B e i B

r r
O O O O |09 o000
° o o o | 0.486 0.039
O O O O |-0s83 <0001
O O ©O o [-0502 0034
O O O O [-0s56 0019
@] (o] o o |-0742  0.001
o] o o o |[-0622 0009
O O |-os0s o013
O O -0.532 0025
O O O o |[-0643 0007
o . -0.487 0039
O o o o |-0534 0025
O O o] o |-0619 0009
° ° -0.660  0.005
o o o O |0453 0049
o
g 7 9 7
S g £ g
a4 & a

158 B LA R/ IN S A 2 B I A8, A0 0 P AR AN R 3 3l BE S5 AR A A = BE AR St 3 A
6 SBEIREREEXMN 15 N EZIETHE

Fig. 6 Identification of the 15 eukaryotic assemblages serving as bio-indicators along the temperature gradient
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