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Fig. 1 The distributions of sampling sites in the
Shen’ao Bay of Nan’ao Island
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Fig. 2 Number of bacteria in water (a), sediment (b) and on the surface of Gracilaria lemaneiformis (c)

GSW: surface water in the cultivation area of Gracilaria lemaneiformis; CSW: surface water in the control area; GBW: bottom water
in the cultivation area of Gracilaria lemaneiformis; CBW: bottom water in the control area; GS: sediment in the cultivation area of
Gracilaria lemaneiformis; CS: sediment in the control area; GL: Gracilaria lemaneiformis litter; G: Cultivated Gracilaria
lemaneiformis. ** indicates extremely significant difference compared with control (P<0.01).
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Fig. 3 Box plot showing the comparisons of bacterial a-diversity
a. ACE index, b. Chaol index, c. Simpson index, d. Shannon index.

G: cultivated Gracilaria lemaneiformis; GL: Gracilaria lemaneiformis litter; GSW: surface water in the cultivation area of
Gracilaria lemaneiformis; CSW: surface water in the control area; GBW: bottom water in the cultivation area of
Gracilaria. lemaneiformis; CBW: bottom water in the control area; GS: sediment in the cultivation area of
Gracilaria lemaneiformis; CS: sediment in the control area.
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Fig. 4 The influence of the culture of Gracilaria
lemaneiformis on relative abundance of bacteria
community structure at the phylum level
GSW: surface water in the cultivation area of Gracilaria
lemaneiformis; CSW: surface water in the control area;
GBW: bottom water in the cultivation area of Gracilaria
lemaneiformis; CBW: bottom water in the control area; GS:
sediment in the cultivition area of Gracilaria lemaneiformis;
CS: sediment in the control area; GL: Gracilaria lemaneiformis
litter; G: Cultivated Gracilaria lemaneiformis.
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FEIFRZE, FEEAH AT HFE Rhodobacteraceae (4
XFEE A 29.1%) . Surface 1 norank (FHXJ 3N
10.1%) . AAJHiFE Cryomorphaceae (FHXF 3N
5.5%)Fll Candidatus Actinomarina (Kl 5), K
B X2 KR E AR 5 RIZHEL, AA

nJ 54 Rhodobacteraceae (FAHXTEEE R 21.1%).
Surface 1 norank (FHXT=FEEER 15.7%)F1 Cyano-
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BB 2 A0 T AE <A I A2 (cell motility)”, “fiiz



59 08T 4 Sk w RS VSRR s 2 G A T T 2 A R 1317

Geitlerinema
Rhodobacteraceae uncultured
surface 1 norank
Vibrio
Cyanobacteria norank
Pseudoalteromonas
Cryomorphaceae uncultured
Pseudomonas
Candidatus Actinomarina
JTB255 marine benthic groupnorank
NS5 marine group
Glaciecola
Polaribacter 4
NS4 marine group
Desulfobulbus
Syntrophobacteraceae uncultured
| Synechococcus
Anaerolineaceae uncultured
subsectionlIl familyl unclassified
Flavobacteriaceae uncultured
Gammaproteobacteria Incertae Sedis uncultured
Rubripirellula
Gammaproteobacteria norank
Fluviicola
Bacteroidales $24-7 group norank
OMG60(NORS) clade
SAR116 clade norank
Planktomarina
Sva0081 sediment group
subgroup 23 norank
Formosa
OM43 clade
Sva(0725 norank
Latescibacteria norank
NS9 marine group norank
Lactobacillus
Saprospiraceae uncultured
Erysipelotrichaceaeu ncultured
SARS6 clade norank
Bacteroides
Granulosicoccus
Blastopirellula
NB1-j norank

_— [ Cobetia
T = Sva0485 norank
'- : Rhodospirillaceae uncultured
|| = = = subgroup 22 norank
o O O O 5 Reeyreella

| | Loktanella
i | ] Sva0996 marine group norank

I

— o~
5 6 8

GL1
GL2
L3
GSW1
W2
W3

0 0.01 0.17
FH%}=F FE/% relative abundance

K5 JE KPR v FA R
G: HIF A, GL: e BRI ; GSW: AR B X RZ/K; CSW: X HRIX FRZ KK GBW: TR 5 XIS 2 /K A4
CBW: X MRIXJIEZ KK, GS: Je A X PTARY; CS: X IR IX TR
Fig. 5 Genus level bacterial community heatmap
G: Cultivated Gracilaria lemaneiformis; GL: Gracilaria lemaneiformis litter; GSW: surface water in the cultivation area of
Gracilaria lemaneiformis; CSW: surface water in the control area; GBW: bottom water in the cultivation area of Gracilaria

lemaneiformis; CBW: bottom water in the control area; GS:sediment in the cultivation area of
Gracilaria lemaneiformis; CS: sediment in the control area.
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Fig. 6 The predicted COG and KEGG function classification of bacterial communities

a. COG level 2; b. KOs in KEGG level 2.

GSW: surface water in the cultivation area of Gracilaria lemaneiformis; GBW: bottom water in the cultivation area of
Gracilaria lemaneiformis; G: Cultivated Gracilaria lemaneiformis; GL: Gracilaria lemaneiformis litter;

GS: sediment in the cultivation area of Gracilaria lemaneiformis.
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number of culturable bacteria
(35 E=N

HGL
FEAh 45K name of samples
AT 5 ) BRI S AR R b
S A R
HGL: /A7 ; HG: #IF e, *Fom
22 5 1. 3% (P<0.05).

Fig. 7 Number of culturable bacteria attached to the
litter of Gracilaria lemaneiformis and cultivated
Gracilaria lemaneiformis
HGL: Gracilaria lemaneiformis litter; HG: Cultivated

Gracilaria lemaneiformis. * indicates significant
difference(P<0.05).

XA B SRR AT o s S ek, RS 6
PRACHATR (1) B3 I v P Bt 40 5 53 3l ie
YD1. YD2. YD3, &Y% NRAEHE MG E
Cobetia J& . WAHLFRIT )& (Sulfitobacter). #35
NI P2 200 1 22 5 7 70 i) Js T 9 Esd J&s (Z T 1 1 ZT3)
N Tenacibaculum (ZT2)(&l 8).

2.6 WEEBEFAMSMEERFRHEXES T

KA TR AR T a0k 2 froR,
TRAR UTRR ) AR B 5 A B DL ST T 1R OTU 2K

*1

Kl 7

Tab. 1

P SR A EREE R FHE T RDA. 25 R WoR, 7Kk
A YRR AN S F Y RDA 43#71 (& 9a)
ST A5 H B PR A HE Y -5 A0 R R T A R AR A A R
MIFRBE R 56.8%, AT Y M AR AR F
B AR A AL S5 R 55 1) RDA Z0HT (& 9b)
ST A 1 T T A 0 -5 200 B R U A A i R
MIFERE R 97.3%, T PrIrsE 5K AR5 A,
F FARAFIEEAR B A R R R —2, 3
S pH. DO ML, HAKAREHGE T TERER T
W BT TRIFEE 15 DO MR sk, It
RIEMIZE R . XK AR S AR & AR T TS5
AT 1) RDA 2R B, SR 1] PR T TS
pH F1 DO 2 AHXK DI L WIS 4 S A8
HF 1) RDA 43Hr(El 9c)f5 H B AT ~HE Pl -5 40
PRV AL A Bl 46.6%, TOC, TN,
TP XU A AT S5 2 s e 43 K, H:
H, BRIDFF IR T T RIS RER ] 5 TP S AAHDCHN, 45K
ZRMNHAE 3405 TP RIEAE,
3 g
3.1 HEEEE LIS

T RIS 254 e R WOK A S R GRS E
AR 2B E ik DGGE . i
V¥ 45 7 R 5E T A [) A 5% v 200 B 45 R 2 A,
SeTEN S A S A A F2 1OV AN R S
AN T) A 58 200 A 1R 6 0 B30, R A5 T 5 UL b T A 4T
BTEE B RGP I IIRE SR ABESE R %%
Y6 f PCR YERIN T IR0 30 4% 45 R g ok & L Ut
YA RO, KA X R, K2

EAKREFEY RBIE R DKM E TR R A BTN E EHHE

Characteristics of culturable dominant bacterial colonies attached to Gracilaria lemaneiformis litter and cultivated

Gracilaria lemaneiformis

W% M5 colony number

T YESFIE characteristics of colonies

HBRZN 4 mm, WEALKEST . Wi
HARZ ) 3 mm, WHENEET, WHREMS, TB
HARZH 1 mm, WENEEFT . R

HEAEZN 1.5 mm, BENLEST. WHE

BIEHNWIER, HEDEA ST B

YD1 WEANE6, REE,
YD2 WK E, BRE,
YD3 Wik EE, SREE,
ZT1 WiEAHE, 2RE,
ZT2 WE A,
ZT3 R H G,

BIRMNWIER, WHEDEA T i

{E: YD1-YD3 Jy e S A7 M M4 20T ZT1-ZT3 RS Je /03 I 4 4R T4
Note: TD1-YD3 are bacteria on the surface of Gracilaria lemaneiformis litter; ZT1-ZT3 are bacteria on the surface of cultivated Gracilaria

lemaneiformis.



1320 Hh K R H29 %
90 Vibrio alginolyticus 118258.1
381 zT3
100 [ piprio alginolyticus 113781.1
100 Vibrio alginolyticus 121709.1
ZT1
100 Vibrio cyclitrophicus 682659.1
99 gof Vibrio atlanticus 116067.1
56l Vibrio tasmaniensis 036929.1
55 YD2
100 |[ Pseudoalteromonas spiralis 114801.1
100 |~ Pseudoalteromonas carrageenovora 113605.1
Pseudoalteromonas agarivorans 025509.1
Cobetia pacifica 113402.1
100 Cobetia litoralis 113403.1
YD1
471 Cobetia amphilecti 113404.1
Sulfitobacter noctilucicola 134206.1
Sulfitobacter pacificus 136874.1
100 YD3
74 L— Sulfitobacter geojensis 134204.1
Tenacibaculum aestuarii 043713.1
100 Z12
) ] F'r_{ Tenacibaculum mesophilum 113841.1
0.050 92 | Tenacibaculum mesophilum 024736.1
K8 e S v ) SRR B e VMR B A vl 15 3R DL 3520 T 2R e E A vt
Fig. 8 Phylogenetic tree of dominant culturable bacteria attached to Gracilaria
lemaneiformis litter and cultivated Gracilaria lemaneiformis
F2 mEKE. RRWELEFRHE
Tab. 2 Physicochemical properties in water and sediment in Nan’ao
n=3; x+SD
SRAE XI5k e IREA LS X X R X
sampling area Gracilaria culture area control area
RAERALE FRKE R K HIR FEKIE JER KA bR
sampling site surface water bottom water sediment surface water bottom water sediment
K /m depth 7.03+0.06 10.67+0.06
KIE/C WT 20.23+0.40 19.47+0.06 / 19.87+0.29 19.87+0.29 /
ELFE salinity 32.85+0.01 32.85+0.01 / 32.95+0.04 32.95+0.04 /
pH 8.17+0.01 8.17+0.01 / 8.20+0.00 8.20+0.00 /
R i %/(mg/L) DO 6.33+0.12 6.33+0.12 / 6.75+0.22 6.75+0.22 /
B MR TOC 1.27+0.06 mg/L  1.27+0.06 mg/L (1.14£0.07)% 1.27+0.12 mg/L  1.37+0.21 mg/L (0.88+0.10)%
BE TN 0.10+£0.04 mg/L  0.17+£0.03 mg/L  621.00+31.10 mg/kg 0.14+0.04 mg/L  0.29+0.09 mg/L  492.00+50.32 mg/kg
BB TP 0.04+0.01 mg/L  0.06+0.02 mg/L  24.75+8.56 mg/kg 0.03+0 mg/L. 0.06+0.05 mg/L 21.23+8.17 mg/kg

KA A TR R 14 W 2 R TR IR IX(P<0.05), HITT
TR 240 TR 55 i A DX 22 54 B 2 (P>0.05)
BRSOk AECI e 2012 4E 2 A A
2014 4F 4 J X020 Ak B v 358 5 %) G S 7K {4 1
DU AN BE VS S5 e AT T AT 9T, e dR™
K H DGGE 75 & 30 X I % 2K AR LS5 s AR, 2
FEASTER] L SUAFRA T ] . AN BT BT, X
MR A TR, XSGR 2w AH L, 6
FEAE ], BRFFE ] T, SRR A

PR, AN R GE A TR k3D
K H 16S rRNA =y £ 0 5 i & B S #1355 IX.
FUXT R DX 8 J2 IR ARl A W e V5 4540 22 S5 RN B B,
(R 2K AR h U E DR S50 22 57 B 3
RZIEZ K, BFFET], o8I B y-22 0%
BRSNS, E AR 2 B A R X R 24 5,
VORI P RSB BIFF R TT . v W R e
TEHE o A5 B 15 75 FiE W I I 75 4 R K0 4 )5 1)
2021 4F 4 J, BT R MBS AR 5 DX RN i
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I Copmberini
= = 3
et = ] e = ———eru N TP E . e e ] g feee e g PR
4 . < amn . FMI] Acidobacicns |
2 2 2 oo |
‘:gg‘,ﬂnzi Latescibacteria TP
N
-1.0k& L J -1.0& L J —1.0¢% : .
-1.0 RDA1 (45.2%) 1.0 -1.0 RDAI (86.5%) 1.0 -1.0 RDALI (40.0%) 1.0

K9 KA TFEIHE (a). LA BEAARRT AL (o) MUTRY T2 AR E (o) SR T /9 RDA 43
Fig. 9 RDA ordination of dominant bacteria in water (a), attach to Gracilaria lemaneiformis (b), and
in sediment (c) with environmental factors

B R Z KR B TR 0 A R SR A A
ZERAL L, BT AR S5 e o VR e A i 2
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Ui R A AR A T 1 R B DK R 290 T i 1)
B, ST 20 AR LR A3 A

R i o AR 3 2 RS 6 A ) T A I
B R R rh i IR R R A ALY R, B
2K 24 ) B BT U R 1) S R B 2728 e A
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M4 X SGAMT IR R R R 22
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SR 46 0 A R 20 A 50 O R 9 A A
(22 55, B IBTR i i oy B 26 200 T S 00 k=
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R 5E S TRE KT R, SRR A AL
B, AR YR T SRR I .
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Characteristics of bacterial community structure in the cultivation
system of Gracilaria lemaneiformisin the Nan’ao area, Shantou

ZHAO Xiu"?, HU Xiaojuan®, REN Lijuan', YANG Yufeng'

1. Institute of Hydrobiology, Jinan University; Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai),
Guangzhou 510632, China;

2. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of South China
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Abstract: Large-scale cultivation of Gracilaria lemaneiformis developed in the Nan’ao area, Shantou, Guangdong
Province in 2005. Nan’ao Island is an important base for Gracilaria cultivation in China. This survey was
conducted in a re-planning culture area of the G. lemaneiformis cultivation system in Nan’ao. Samples of water,
sediment, cultivated Gracilaria, and their litter were collected from the seaweed cultivation area (G). The current
Gracilaria cultivation area is a mixed cultivation area of shellfish and algae, where oyster culture has been
performed for many years. Samples were also collected from the adjacent control area (C) when the seaweed
exhibited the largest biomass. The results showed that the amounts of bacteria were 3.96x10° copies/mL and
4.97x10° copies/mL, respectively, in the surface and bottom water of the G area. They were significantly higher
than that in the C area. However, sediment bacteria showed no significant differences between the G and C areas.
The densities of sequenced bacteria and cultured bacteria on the Gracilaria surface were significantly higher than
that in their litter. Among different habitats (water, sediment, and G /emaneiformis), bacterial diversities of the
two areas were higher in the sediment. Compared with the C area, the relative abundance of Bacteroidetes and
Firmicutes was higher in the sediment of G area. For water samples, the dominant bacteria were similar between
those two areas, but a higher relative abundance of Rhodobacteraceae was observed in the G area. The main
dominant genus attached to Gracilaria and their litters were Geitlerinema, Vibrio, and Pseudoalteromonas.
Correspondingly, Vibrio alginolyticus, Vibrio cyclitrophicus, and Pseudoalteromonas sp. were isolated and
identified among the culturable dominant bacteria. Through the redundancy analysis (RDA), pH, DO, and salinity
were the dominant factors affecting bacterial community compositions in water and on the surface of G
lemaneiformis. Total phosphorus (TP) was the dominant factor affecting bacterial community composition in
sediments. The results indicated that large-scale cultivation of G. lemaneiformis plays an important role in the
assembly of bacterial communities in both the water body and sediment in the seaweed cultivation ecosystem.
Furthermore, the surface of cultivated Gracilaria and its litter had specific microflora, which may affect the
structure and function of the seaweed cultivation ecosystem.
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