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Abstract: The thermal discharge of coastal power plants has resulted in serious environmental problems, such as the
increasing frequency of disease in marine biota and red tides at a global scale. For this reason, previous studies have largely

focused on the effects of thermal discharge on the diversity of zooplankton and phytoplankton species, whereas the study of
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the response and feedback of ecologically important planktonic microorganisms to thermal discharge is lacking. The
ecosystem feedback response to elevated seawater temperature is dependent on the balance between primary production and
heterotopic bacterial respiration. Therefore, we integrated Illumina sequencing technique and geochemical variables of
seawater to investigate the spatial pattern of bacterioplankton communities, and identify the key factors shaping the pattern
along a thermal gradient caused by the discharge from a power plant at Xiangshan Bay, Ningbo. Elevated temperature was
significantly related to increased nitrate concentration ( NO;, P=0.041, one—way analysis of variance ), chemical oxygen
demand (COD, P < 0.001), oil (P=0.004), and residual chlorine (Cl", P < 0.003), whereas the levels of dissolved
oxygen (DO, P=0.034) and chlorophylla (Chl a, P=0.045) significantly decreased along the temperature gradient. In
addition, an analysis of similarity (ANOSIM) revealed that thermal discharge significantly (r=0.338, P=0.042) altered
the structure of bacterioplankton communities, whereas the spatial distribution of the bacterioplankton communities followed
a distance—similarity decay relationship in that the similarity between the bacterioplankton communities linearly decreased
(r=-0.582, P=0.026) with increasing geographic distances, with a turnover rate of 0.0013. Multivariate regression tree
showed that bacterial diversity was primarily affected by the levels of DO, COD, and seawater temperature, which
respectively constrained 34.6%, 20.1%, and 10.0% of variation in bacterial diversity. A redundancy analysis ( RDA)
revealed that the environmental variables (including seawater temperature, oil, DO, and Chl a) explained 55.6% of the
variation in the bacterioplankton communities. Thus, it appeared that the diversity and structure of bacterial communities
were shaped by different factors. Notably, the direct effect of temperature only explained 4.8% of the variation. This is
consistent with the premise that temperature increases have a moderate direct impact on bacterial community structure;
however, water temperature indirectly affects water properties and causes a shift in the phytoplankton communities. By
contrast, a smaller proportion of the community variation (7.1%) was constrained by geographic distance. In particular, we
screened 11 bacterial families, whose relative abundances were significantly associated with the discharge — induced
temperature gradient. For a given bacterial family, the pattern of enrichment or decline was consistent with its known
function. For example, bacterial species affiliated with Oceanospirillaceae have the ability to degrade and utilize petroleum
hydrocarbons, whose relative abundance increased at higher oil content sites ( seawater oil contents linearly increased along
the temperature gradient, r=0.558; P=0.030) ; whereas the relative abundance of the thermophilic Vibrionaceae species
was positively associated with seawater temperature. Collectively, these results provide essential information on how the
bacterioplankton community responds to thermal discharge, and identified sensitive bacterial families, which could be used

to evaluate and predict the effects of thermal discharge on ecosystem function.

Key Words:; thermal discharge; bacterioplankton community structure; spatial distribution; bacterial bio-indicator family
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Table 1 Comparison of the geochemical variables among temperature gradient
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Fig.2 Multivariate regression tree analysis to identify the factors in shaping the bacterial diversity
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WIERI A 7= 7 (AR ER a WRBESRAE 3R 1) &5 [RIHER2 MR e 20 o O R v 2B, DALY, g Tl 3 25l
Ao 4 L 8007 20 20 B A0 (9 2L ORI I RE S A 20 e A, B 2 1) B 88 F 1 RV R AR i, i
) 23 ] R RS RE 1 7.1 9% HOREVS 728 53 , R REE T PR 0 40 11 B FSOR S3AR T #0058 DX X e A e g, 1D
i S )RR $E (Species sorting ) Ui HE1d N BRI (14 240 B A , 38 AR BERILAC) 25 18] 20 A1, 2 B B8 X 1 1 245 i
BT R LU (55.6% ) BRI AR R ARV A8 5 (18 5) o PRI, RIVRE 7 e i sl ke 8 a0 T ik - A A A 00 81 it
IR R A P Ui 20 R v AR, DA 4 AR P D 200 R v A AR A WL X SR A 2 4 1 1R 30
3.3 AR BHE 723 1l 0

DI 7007 200 TR 0 T 7K 885 305 ) ey AR, e 2 01 S R A% A1) P 0 A 200 T R DR 8 7 R vl Tl K X
PRI AN . AWTFEIH LR 11 VEAE R AR BRHR /8 BE, HORS 2 B2 5 0l B2 2 38 A O, 2 R X g
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AN B AH XS = B AR AR RRIE S5 R B A S TIREMI & . BN, PRI B ( Oceanospirillaceae ) TE V7R IR
B Iz AEe A B R B R TR A L TR R R R e 2 2R A s et R R B i T R
Je T TG PR e E T I BE AN TR B A A (TR TS e B S 0 R 0 B IE A DG, r=0.558, P=0.030, KR AR
VE) o IR T IR E B R ( Saprospiraceae ) Y4 T EL A R A AR FH B2 2= BRI R 0 17 i BHAR G 2 B 76 1 TR
SAFISE AT Be 23 T R AR E W AR AT R PR IR , 1 — 2D A2 S SR E D RV E T . TR AR S
TG SAGAE B 1) S5 BTl 00 X P o R A 00 0 A 7= 0 R S i 2 A e ) ) S A G s S
20 TR B2 A I e RE 2 U AR W ) S (IR RUBHE T ) o AN, IS Al 7 M 00 ke IR A A i 5 S )
AKBEIRAR HE T OB A 3B 5 A BRS8N R A0 AR X S R AR R IR T s R R
( Vibrionaceae ) FIZZ B R HLlifd B} ( Pseduoalteromonadaceae ) &% W 08 ¥l 5 FBUR H , HBURRE I 51 E 1E
FAOG . X LG B = (38 T Rl 2 Xt s P 4 el 3R B OV A Y TORIE I, A RS E 1Y - B
P TR P AH XS ot U I 326 90 5y T R =2 X SO A O B9 5 L, IS RE 0 3¢ 2 R g 48 7 4 R
JERRAR AT REXS AR S TIREAYSENA . 7% JE 3K SUPE R T8 7 A0 B RHAF X 2 5 55 1 1 I 8 100 S8 35 AH DG A, 4 I Tl g il
WU R RPES W, LUE S PCR RIS 725 40 B ARS F B2 | PPAN 3G 50 7 U 40 B 1) 5

CEIRPTIR W IRHEK S T SR A S T B 1R S ok RO K A B A B R] 2 A R e
TR AN AT P A, PR e B AR 7 e Y B 3R PR A TR 1) 225 1) A S0 5 ) R v — v A
WIVERE DAY, I Ah , A ST e B BUR Y AN B s B, A2 B i 28 A 5 1 TR R 32 I 25 AH O, T LAV 1 1 X
T U 200 TR 1) 55 M 000 %o A S D BBV TE (Y 52 )
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