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Abstract

Marine protected areas (MPAs) are one of the most widely utilized marine management tools
globally. Marine protected areas are essential for conservation of biodiversity by offering protec-
tion from major anthropogenic threats. Microbial community plays a key role in biogeochemical
cycles of organic pollutants. Their community structure and diversity, and the changes reflect
certain aspects of sediment quality. In order to study the microbial community structure in inter-
tidal sediments of coastal area in Yellow Sea and to understand the differences in the structure of
microbial communities between marine protected areas and adjacent areas, metagenomic analy-
sis based on the Illumina Miseq high throughput sequencing technology was applied in Liaoning
Dalian Changhai Marine Precious Biological Provincial Nature Reserve intertidal zone in Sep-
tember 2018. A total of 43 phyla of microoganisms were detected from the intertidal sediment
samples. Proteobacteria was the dominant group, comprising 45.7% of the total sequences. Other
abundant groups include phylum Acidobacteria, Bacteroidetes, Actinobacteria, Planctomycetes,
Cyanobacteria and Verrucomicrobia. The Chaol, Shannon and Simpson diversity indexes were
calculated using Mothur software. The average value of Chaol index was 5493, Shannon diversity
index was 9.71 for all the samples, and the Simpson index was 0.994. These indices indicated high
microbial community diversity in the area. Through principal component analysis, it was found
that the structure of microbial communities in the intertidal zone of MPAs and Dalian's estuarine
rivers was quite different.
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1, FEHEZNNEINRERM . BAEDBEEERIG R AR P EE T4 R BRER .
MAENBEEWMEREERRTHAE—BE LRBT DENFRE. AR ERREREEER W
ViRVBEY R, THREFRP X EHSXEMENBHELSHESR, T2018FIANT TE REK
B RHEEEMGRT X KM XS R iR AT R T H#4AE . MANlumina MiSeqZZF
HEEENMFEAR, EREXEH WL IR YRED43112R, TREITAREERNREII,
HEFIE S BH45.7%. HEBAEERTTREHERTE . BUFETT. BELEIT BEHEIT. B
MBS [ TAPEUEET]. RFAMothurf £+ Chaol. ShannonfSimpsonZHMEREE, HEREM: EHH
FEEHE Chaol ) ¥{E ~N5493, Shannoni FLFEEKIIEECN9.71, Simpsonii#$(0.994, E/RH¥E
BRI A 2 HEEEE, B ERG TR, PR XA W i 7 T A YR v 450
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1. 518

T N3 S BN A B S R R I, SRR NI SR RS . TSR
PEAR AT BRI W, I A B Sy A A A AE B 22 5, SR PR S (i — S8 S B
X, 2 H ATBON IS AR R AR (1] SRR X (MPA) R (P W S . B2 R A A A5
I B R A P B T B . DR X R AR B 2 i T R —, |
TESEINEZ RERE IR . Il A5 30 Bl Ll & FE 1 A % BLRR[2] [3] [4] [5] [6]- e fd X 3ot T

DOI: 10.12677/ams.2020.71003 14 PR RTIE


https://doi.org/10.12677/ams.2020.71003
http://creativecommons.org/licenses/by/4.0/

JHFEE S

PAEMZ R R OCHEE, USRS, A2 N, Blutb2isgy, &8RN, SRR
YR NIR[7]. HR3E MPAtlas FOEE, HRT4IRA 11,169 N OiE R MPA, 'EA1E 5 T 43R 3.7%I i
7[8].

R MPA CUEHE S Mg S, (He S A ES KRG 2 MINBCRIEE R4, T EHTRKEN . ¥F
2P XA V5 G, Ban Tolk X . #EAS Sk /K= 55037 ik AF &, T X AHES 045
FH T AT PR s VA S G n] DA BE B A 4, DRGNS S R B AR S R G0 A R
Tz, BEYS G AN A PR 20 MPA ] G832 2 g Pr[9] [10]. FH T AR A R 10 5 e A B A b 2 1 o
FE,  E TR OR A DX AR A8 BRI R AT R BR[11] [12]

T PR v 2 MR AR A IR, FFad i AL DK Bl 42 BR°E TR A 10 AR Pt BR A 2% I R DL K 5 AR P
WEEMEAEA, REEERNES RGNS [13]. TURDDH A Y& WA S R0 2 1) 32 B K )
71, ACREAT TV 2 sk 2 72, 1 BAEANG RN b s E EEAEH . A
AR PR IE A i R A 3E T AATTR T E AR SR E ) Z REVE AR, Rl T F R B DNA s &l
FP AR B R, AR A B R 2 7K O F 98 40 O — P s B SE 38 F B 47 1l & 2008 4E- DL, DNA
D7 AR BT T BRI, BT AN [] J5 2 i — A vl & 0 BRI o B T 2 &, B — R
M AR BCR KRS &, — 7 e DOk &k B E s, BB 10 P AR K T B
AR PP AR ) P R TR AR A2 T RNA-Seq (i &l 7 ) B (1 B, 852 Z2 SR B R i i A 0 4H 2
W ARAS 61 B 54T, AEIR BRI M 5 U802 B OR ey [14]. H2, BIHATALE, FRATN RS X
PITE ) Z AR B TR AR D [15], HRIRATAT AN, H R A & T 3 R X UTAR A M A ) 2 FF
(EAIECSER

ASCRAZEET Ilumina MiSeq il &7 F &, ST T8 KIET KBRS X B AHAEIX
A R TR A D 22 REEHEAT T IR 2, B I AT TR A TR 16S rRNA X100 £t
KR I3 X 50T X sl [ A D2 A 2R R, IR TR IR ST A SR G &R, it —
P NG B O XA VIR I (52 mR, DU 3R B A S AN AR ) 2 R R SR R
BEL

2. M5
2.1 WEXE

REEAIFE IR LA D B IRRIP XA T3 78 RO T B/ MK LB 2R B 78 (122°44'02"~122°45'40"E,
39°12'49"~39°13'34"N). R IX[HIAR 220 Ak, H bl 192.25 A, il 27.75 A, K
RN TR EY, BRRRT RIEERESE. UES, £RER, HEARE, BER/D, F
PR 10°CA . BEFIAE 25°C, B RE . Ry XA T E AR, 2 HpkE
ME— R IR R AW AR R X o OR3P XA T3 A i v Bt dyy, iR g A2, =+ 2RIk,
sk, B2, S, R, & IUCRHEARE S SEE NN N GR35 X BT KSR e
T T REN, TR REMY IR, 283kl 252 Mg B4, FiERmmHA 10,324
FHAR, #FLEK 359 A, 4 BEEEE, ST, HRRERFIE 44.4%, RERIH DR
/NI

TERIEKIGE MGG D SRR X R PRl DX 38 152 B8 1) e SR i 10 /N(1 1, 56 1), e POL
1 PO2 M AT T4 X A% O X % KB T 8, CO1~CO04 A7 T AHAR RS X 1K it B )77, DO1~D04 Jyk
FETT X 5K EAN AR XN RN . 2018 4 9 H 12~13 H, e iR 10 A sS0RFE. BN A
WK Z Tt T 2K 50 mL &0, ARIRAE, i B SRER == J5 IR A7 T—80°C MR UK A
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Figure 1. Location of sampling sites in the study area
1. S =

Table 1. Location of each sampling point

1 BRERNELSE

P I=tA 2l 3 Hhi
Co1 122.74 39.23
C02 122.73 39.25
CO03 122.64 39.27
Co4 122.49 39.30
D01 122.33 39.38
D02 122.29 39.38
D03 122.23 39.34
D04 122.10 39.18
P01 122.76 39.23
P02 122.76 39.23

2.2. & DNA ZBEMIE

{1/ TIANGEN TIANamp Soil DNA Kit 55 & F2 HUE FE 5 DNA, ARYEHLE S50 0 BREEAE[16]. AT
G 0 2 B R A e O R AE AR DR BRA W SE R, ARYEFR IR R I SC 2, A Illumina
MiSeq W71 & SERUT I E ,  HXHF R BRSO 3T — R AR s, B T57:5 BSCER[17].

2.3. HiEALTE

A OUT 1% 4. Chaol. Shannon 11 Simpson £ FEM: s BT H48 F Mothur B E#E T, @it
R 18 5 2 il PS4 pl A B P 45
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A T AT TR AE M) 2 AE M BT Chaol. Shannon AT Simpson £ FEMEFEECkRE R, IFRYE Coverage
TSR IR . S8 THE A S R s

2.3.1. Chaol #&%
Schaol = Sobs + nl(nl - 1)/2(n2 + 1)= ﬁ\:qj Schaol yg'fﬁﬁ_ﬂ'{] ouT ﬁ%’ Sobs ?\Jil‘/ﬁ%%@ﬂ’\] ouT ﬁﬁ’ ny
NAGH—FFPIH) OUT i, np NREH 675 OUT #i&.

2.3.2. Shannon g%
S n n
H'=->|— |Log,| -
;(N] gZ(N]

X SOAMEEEIN OUT i, ni NI EH 1 74 OUT Hit, N JFES - TH K7 514
2.3.3. Coverage 3&#

C=1-n/N
Hrh C Jy Coverage 1840, ny R EH—%FFFIH0 OUT #d, N JFES A 7 514
2.3.4. Simpson & ¥

D. _ Z.Sffs n (0 -1)
simpson N (N _1)

Horp Sop MSZBRAMEN OUT $, ni A HA4 | 2675110 OUT Hui, N ARES: b FTA 17 515
3. BR57He
3.1. Fogeit

AR B IR RIEAHF IS Wil i A WD DR DX S A AT 10 />l 7 ] 1) 37 S A= 420 B 46 1 51 344,985 Xt
208 2.2 D YR, ik PR Y 41 330,369 . SR AR TR, 15 979%F SIARUEREAT OTU &ilJr,
HAPE A I 2.

Table 2. Summary of sequence information of sediment microbes

= 2. mRREIFIIE RS

L JE 6 75 HRT T I EA 5 FEHAL(OT Us)
Co1 31,369 31,099 30,072 3815
C02 32,549 32,304 30,874 2041
CO03 34,205 33,936 32,623 3549
Co4 37,058 36,728 35,452 5469
D01 36,881 36,395 35,997 4659
D02 31,646 31,288 29,808 4393
D03 37,919 37,455 36,183 3307
D04 31,618 31,251 30,050 4434
POl 33,614 33,221 32,558 4667
P02 38,126 37,744 36,752 5623
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BRI AL B A, R 350K S EA 1K Chaol $R 80 EERREI 2R i 2 W1, Ao
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Figure 2. Rarefaction of marine sediment microbes

2. YRR

3.2. FHLARL

AU A AR TR A X ] [ iy AR 3L S TE B 43 1] 302 B} 647 J&, T/ EVIMREZ .
MK FE, BT T I(Proteobacteria) & 258 — R34 p, FHAHXTFRE G F RN 45.7%. FEBCNEEMI]
FAFEFRFTH | 1(Acidobacteria), #U4F 5 | ] (Bacteroidetes). JitZk# | J(Actinobacteria). ¥ 25 1 | ] (Planctomycetes)
W 21 (Cyanobacteria) F1HE i | ] (Verrucomicrobia) . i 25 X3k AE Y T IR G E LIS 3. MJE/AKTF E&,
Gammar AR TE & ulif o2 i F B A R, 7 IR RIEH PO B & (Flavobacterium) . i ER T &
(Myxococcus) Ml AT F# £H(Desulfobacteraceae) . [f] % % £ (Rhodobacteraceae) FrI A B 73 b7 1 Jg LA S HELt
BN BRAMH . FERENES. Sulihr = Z MR IE WA 4,

PR TR R bR S 2R AR D B b, P DTARY) TR U AR DTAR IR A B K AR R G
B 55 P T 50 DA KBS TR ARG 2 AR B A B 1 A [ 18] o Ak R T v B () DU i A e O
ANDREFERUR, 388 S TS W A S E MR R AT TR AR S, 45K R R LR
WP, HFFEOG ST FIEY 62.4% [19]. (EFRE D ERESE TR R AR T R 1] [RIRE A2 d E AL
HE[20] [21] [22]. BT wR I TARER 7 4B KIG— 1], HrPEFEIR 2R B, WA . W I TIRE
ERLINE . Wl RS, R RIS 2RO E . BRI ]— B N RIEHRZ T
IR LA A 2, — AR I A A ) 50% LA 1, AHAEAS RN 2 TR A JE R SC R B
o L 2E R [23] . AR TR R G 2 — 80 RIE TR A, KRS R & R E
NG

AT T AR A [R] DX S A R T 2E R ) 22 AL DL L 5 (MK R 6 (JE7KT) o BB o UER S IX (P
M) KIGE(C H)RKENBHD H) =4, WTKEEE, SXIEMEBEET AL, Sk 43 4

DOI: 10.12677/ams.2020.71003 18 PR RTIE


https://doi.org/10.12677/ams.2020.71003

JHFEE S

B others
Chlamydiae
Hydrogenedentes

B Woesearchaeota

@ Aminicenantes

k__Archaea

Nitrospinae

Deinococcus-Thermus

Fibrobacteres

Nitrospirae

Fusobacteria

Parcubacteria

Spirochaetes

Deferribacteres

Latescibacteria

Chloroflexi

Firmicutes

Ignavibacteriae

Verrucomicrobia

Cyanobacteria/Chloroplast

Planctomycetes

Actinobacteria

Acidobacteria

k__Bacteria

Bacteroidetes

Proteobacteria

1.0

Relative abundance

0.2

PO2 I | .7 1

Figure 3. Microbial community composition of sediment at the phylum level
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Figure 4. Microbial community composition of sediment at the genera level
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Figure 5. Differential analysis on sediment microbial community (phylum level)
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Figure 6. Differential analysis on sediment microbial community (genus level)
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3.3. WEMEEM

I T K i B T DX 33 ) Ay DU I A D 2 FEEFR B L 3. I 3 TR |, %&3k47 Chaol
RS, YIME 5493, NI & b AL A EE U SR K (B KRB N 7227, #/IME 9 2806). Chaol fEAE#&%:
R R RAS TR 2, B Chao (1984) #5732 HY o 1Ty S B B A 22 % () Shannon 454011474 9.71, Simpson
FRECTF N 0.994, BRI ZREEARER & Sl AL T IR B 84K coverage “F3°4 0.916, i B & FE
SCPE AR 55 2 3m, FEASH S A A0 H R A A1

Table 3. Biodiversity of marine sediment microbes

= 3. MRIREMS R

Chaol 5% Coverage 8% Shannon fi& % Simpson &%
Co1 5296 0.92 9.35 0.99
C02 2806 0.96 7.69 0.98
Co3 4615 0.92 9.2 0.99
Co4 7227 0.89 10.52 1
D01 6313 0.91 10.11 1
D02 5539 0.91 9.81 0.99
D03 4427 0.93 8.74 0.99
D04 5489 0.92 10.41 1
P01 5956 0.91 10.41 1
P02 7262 0.89 10.82 1

PCA SR (BT AIHT), R BB L V2 HOMUR RS0 . R AT A Ry — 1R
YR R K2 B ST SR AR R S T R4 T T A PSR G 253 PR U A4 32 (O«
ST AT A IR OTU ALARTT LS R 9110 22 5 FBE S . U R 355 2 Scatterplot 3D 4P el i/
YOREVE PCASD (I 7), 4N ALE Pl o (B B A M R T SRR S SR 2 53 . Johr C 410 P 415
W AARRHRL, D A5 EAHIREEEE FL D 41994 2 2 R BB . VI RE MR (D 41
WCEPIREE SR8 X (P A1) KB (C 1) 52 Sk, FLAALP 45 SRR, L 45 AT o - S
HEIRETE SRR . YUBUI A0 o X SRR A, OB SE R 7 T A P ERE ) 2 F e 22 5 B
ZEIN . GO SRE RV B 00267 2 R TSR0, ORISR REVE AL AT (R 3,
ZR AT SN BN . R SKUAEN], e FUURURE SR LR S A, e i R 2 R
S /K26 S SRR i 2 R ORI - SR o B B2 0 2 P T 08 1A 8
i — RIS 43024 AHEIE R =M RA Ik D AL I K NI 3 119 W D, 3
AT AR S A RIS T TR B — M A BB B L LU KR
BRI FAM N, B EGR T R KRR AN S, ZERRY, ESR.
KA AVEBHE A RO B R T VOB B R 5 1 R
4. &g

1) e i B B AL X S TR R 3L S ) 43 111 302 R 647 J, BEMIRR KL E

A5 JE B 1] (Proteobacteria) /& 45 — R34 R0,  HAHNT = 5 ME 45.7%. HoE F 1 IRAIERITET],
BT R FEE ] WEANE AP 145,
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Figure?7. Principal component analysis of the microbial community for each sampling site
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2) Huhit e 2 FEEE R, Horh Chaol $a 205 =, ¥4 4 5493, Shannon $544°1-35 7 9.71, Simpson

TRECF i 1.

3) i T AT R, DR X (P ) A B (C A) &M s A B TR S A AR B, T R N
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AT A S E TR H (2016A012; 2017A011; 2018A022 52 2019A001).

SE 3

(1]
(2]

(3]
(4]
(5]
(6]

Wz, B, i, AT, ST, Mot A SRR e X e 0] AL RN, 2013,
21 (1): 38-46.

McClanahan, T.R., Graham, N.A.J., Wilson, S.K., Letourneur, Y. and Fisher, R. (2009) Effects of Fisheries Closure
Size, Age, and History of Compliance on Coral Reef Fish Communities in the Western Indian Ocean. Marine Ecology
Progress Series, 396, 99-109. https://doi.org/10.3354/meps08279

Barr, L.M., Pressey, R.L., Fuller, R.A., Segan, D.B., McDonald-Madden, E. and Possingham, H.P. (2011) A New Way
to Measure the World’s Protected Area Coverage. PLoS ONE, 6, €24707. https://doi.org/10.1371/journal.pone.0024707
Jones, P.J.S. (2014) Governing Marine Protected Areas: Resilience through Diversity. Taylor and Francis, Hoboken,
NJ. https://doi.org/10.4324/9780203126295

Jupiter, S.D., Cohen, P., Weeks, R., Tawake, A. and Govan, H. (2014) Locally Managed Marine Areas: Multiple Objec-
tives and Diverse Strategies. Pacific Conservation Biology, 20, 165. https://doi.org/10.1071/PC140165

Jupiter, S.D., Epstein, G., Natalie, C.B., Mangubhai, S., Fox, M. and Cox, M. (2017) A Social-Ecological Systems Ap-
proach to Assessing Conservation and Fisheries Outcomes in Fijian Locally Managed Marine Areas. Society and Nat-
ural Resources, 30, 1096-1111. https://doi.org/10.1080/08941920.2017.1315654

DOI: 10.12677/ams.2020.71003 22 PR RTIE


https://doi.org/10.12677/ams.2020.71003
https://doi.org/10.3354/meps08279
https://doi.org/10.1371/journal.pone.0024707
https://doi.org/10.4324/9780203126295
https://doi.org/10.1071/PC140165
https://doi.org/10.1080/08941920.2017.1315654

JHFEE S

(7]

(8]
(9]

[10]

(11]

(12]

[13]

[14]
[15]

[16]
[17]

[18]
[19]

[20]

[21]
(22]

(23]

(24]

Fraschetti, S., Terlizzi, A., Micheli, F., Benedetti-Cecchi, L. and Boero, F. (2002) Marine Protected Areas in the Medi-
terranean Sea: Objectives, Effectiveness and Monitoring. Marine Ecology, 23, 190-200.
https://doi.org/10.1111/j.1439-0485.2002.tb00018.x

MPAtlas (2018) http://www.mpatlas.org/explore/#

Halpern, B.S., Walbridge, S., Selkoe, K.A., Kappel, C.V., Micheli, F., D’Agrosa, C., Bruno, J.F., Casey, K.S., Ebert,
C., Fox, H.E., Fujita, R., Heinemann, D., Lenihan, H.S., Madin, E.M.P., Perry, M.T., Selig, E.R., Spalding, M., Ste-
neck, R. and Watson, R. (2008) A Global Map of Human Impact on Marine Ecosystems. Science, 319, 948-952.
https://doi.org/10.1126/science.1149345

Halpern, B.S., Longo, C., Hardy, D., McLeod, K.L., Samhouri, J.F., Katona, S.K., Kleisner, K., Lester, S.E., O’Leary,
J., Ranelletti, M., Rosenberg, A.A., Scarborough, C., Selig, E.R., Best, B.D., Brumbaugh, D.R., Chapin, F.S., Crowder,
L.B., Daly, K.L., Doney, S.C., Elfes, C., Fogarty, M.J., Gaines, S.D., Jacobsen, K.I., Karrer, L.B., Leslie, H.M., Neeley,
E., Pauly, D., Polasky, S., Ris, B., St Martin, K., Stone, G.S., Sumaila, U.R. and Zeller, D. (2012) An Index to Assess
the Health and Benefits of the Global Ocean. Nature, 488, 615-620. https://doi.org/10.1038/nature11397

Jameson, S.C., Tupper, M.H. and Ridley, J.M. (2002) The Three Screen Doors: Can Marine “Protected” Areas Be Ef-
fective? Marine Pollution Bulletin, 44, 1177-1183. https://doi.org/10.1016/S0025-326X(02)00258-8

La Manna, G., Donno, Y., Sara, G. and Ceccherelli, G. (2015) The Detrimental Consequences for Seagrass of Ineffec-
tive Marine Park Management Related to Boat Anchoring. Marine Pollution Bulletin, 90, 160-166.
https://doi.org/10.1016/j.marpolbul.2014.11.001

Bodelier, P.L. (2011) Toward Understanding, Managing, and Protecting Microbial Ecosystems. Frontiers in Microbi-
ology, 25, 2-80. https://doi.org/10.3389/fmich.2011.00080

Lok, TA. TR AEDE RN R SR E Y e A AT SRR D). S 2 REYE, 2013, 21(4): 401-410.

Yeung, C.W., Lee, K., Whyte, L.G. and Greer, C.W. (2010) Microbial Community Characterization of the Gully: A
Marine Protected Area. Canadian Journal of Microbiology, 56, 421-431. https://doi.org/10.1139/W10-028

WA, AR M TR R iR [J]. KA 4 &, 2020, 41(1): 60-70.

WA, BB, DR, A, PR UL D TR AR Y VA B O AR DR g R[], R A e,

2017, 33(6): 87-94.

BIRER, ReM, mAEK. ERERZITRY T AEBEES FIEEN]. £ FR, 2004, 24(8): 1635-1643.

FA, A, DR, REE. AL I DX PR R A ORR A Hh A R A B R R DR A R[],

IEHbRL, 2018, 16(2): 1-8.

ﬁ&ggzﬂﬁa, AR, s, B, SR TG RO T Al BT S Ry AR AE L], YRR, 2010, 32(2):

118-127.

XK, R, TKCH, iR, TR RNEEER BRI AN E 2 REED]. RN, 2010, 34(10): 1-6.

Z“;*EVJIJ VB, B0, MRt S b E RS R 2 RIS 0], R iE SR, 2006, 33(1):
-67.

iﬂﬂg%éﬂ@%, ATILBR. 7R VA I 48 3 2 DR W 400 T o i 5 ) B st B A W AL [0, HEVE S5 T809, 2015, 46(5):

1119-1131.

Gans, J., Wolinsky, M. and Dunbar, J. (2005) Computational Improvements Reveal Great Bacterial Diversity and High
Metal Toxicity in Soil. Science, 309, 1387-1390. https://doi.org/10.1126/science.1112665

DOI: 10.12677/ams.2020.71003 23 PR RTIE


https://doi.org/10.12677/ams.2020.71003
https://doi.org/10.1111/j.1439-0485.2002.tb00018.x
http://www.mpatlas.org/explore/
https://doi.org/10.1126/science.1149345
https://doi.org/10.1038/nature11397
https://doi.org/10.1016/S0025-326X(02)00258-8
https://doi.org/10.1016/j.marpolbul.2014.11.001
https://doi.org/10.3389/fmicb.2011.00080
https://doi.org/10.1139/W10-028
https://doi.org/10.1126/science.1112665

	Study on Microbial Communities in the Intertidal Sediments of Marine Protected Areas
	Abstract
	Keywords
	海洋保护区潮间带沉积物微生物群落的研究
	摘  要
	关键词
	1. 引言
	2. 材料与方法
	2.1. 调查区域
	2.2. 总DNA提取与测序
	2.3. 数据处理
	2.3.1. Chao1指数
	2.3.2. Shannon指数
	2.3.3. Coverage指数
	2.3.4. Simpson指数


	3. 结果与讨论
	3.1. 序列统计
	3.2. 种类组成
	3.3. 微生物多样性

	4. 结论
	基金项目
	参考文献

