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Ecological status of a natural intertidal oyster reef in Haimen County, Jiangsu
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Abstract: Oyster reefs are important coastal habitats because they provide ecosystem services such as water filtration,
habitat provision, shoreline stabilization, and nutrient retention. The Liyashan oyster reef is located inshore of the Dongzhao
Port, Haimen County, Jiangsu Province, and it is a natural intertidal reef. The oyster reef supports abundant species and
high fishery production, and it is a major spawning ground for the roughskin sculpin, Trachidermus fasciatus, which is listed
as a second-grade state protection animal. However, there is limited information on the ecological status of the natural oyster
reef. In this study, we mapped the reef footprint and monitored oyster populations ( species, density, biomass, size-
frequency, body condition, genetic diversity, and parasite infection) at the Liyashan oyster reef on the basis of field

investigations conducted in 2013 and 2014 and compared the metrics to those of farmed oysters. Aerial photos obtained using
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an unmanned plane indicate that the natural oyster reef is composed of 750 intertidal reef patches, and the area of a patch
ranges from 0.98 m’ to 16330 m’. The total area of the intertidal reef is approximately 0.201 km’>. However, the aerial
footprint of the natural reef has declined by approximately 39% in the past decade because of sedimentation. Mean cover for
live oysters was 66% , and mean densities of the oyster Crassostrea sikamea were between 2199 and 2894 ind./m*. The
percentage of oyster spats with respect to size-frequency distribution was greater in September than in May, showing high
recruitment of oyster larvae in the summer. Mean flesh content, condition index, and gonad index of C. sikamea were
(32.15+£1.80)%, (9.76£0.95)%, and (600+116) mg/g, respectively. These values were significantly lower at the
Liyashan natural oyster reef than at nearby aquaculture sites ( (36.50+2.34) %, (15.24+1.04)% , and (1013+82) mg/¢g,
respectively) in Xiangshan Bay, Zhejiang Province. Haplotype diversity and nucleotide diversity index of the C. sikamea
population at Liyashan were 0.119 and 0.00028, respectively, and were greater than the values observed at the aquaculture
sites. The oyster population had been slightly infected by the parasite Haplosporidium nelsoni, and the infection frequency
(17.2%) was lower at the natural reef than at the aquaculture sites (47.3% ). The natural oyster reef is rapidly degrading
because of heavy sedimentation. The oyster population at the reef had lower body condition, greater genetic diversity, and
lower gonad index and parasite infections than those at the aquaculture sites. To protect this important biogenic reef, greater

restoration efforts should be initiated to promote the oyster population and reef functions by supplementing hard substrates.

Key Words; unmanned plane; oyster reef; Haplosporidium nelsoni; genetic diversity; ecological restoration

HEUGHE (oyster reef ) S FH MG IR A5 A4 K BT TR WL R — R A ik R 6, )92 43 A1 TR ) RN X
B A NS BRI A T A 0 A £ P AN G A FLAT Ak iR ) SRR B b RE LR ALY R Ok
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CRAPFIGTEE BB, A DGR 0 A SRS LU UL A4l RAEDS (B ST 3R WD, 7E 124 W 1 P9 43 A A 3
FP4L 5 ( AN Crassostrea sikamea JTYLHMWG C. ariakensis MGG Ostrea denselamellosa) , FoH /34 T
T 025 T A5 K 25 A R AL 5 R A 5 K8 30 (0 3 S 9 ) 361 43 B 66
Fofr, AR 22 S 2 R R AR ) e 140 100 2 R T IS Y AR ) e (00 ) BT R T e S FE AR
LGSO RIS VA 1T 0 L e A ) R AR K A B A Bh WA VT ( Trachidermus fasciatus ) 78 ¥ 16F
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/N R K s, B SR A PR 7 R YRS S BRI YK 4—6 b TR S 2—4 b NI REAR 1—2 d AR
H, FEXTE AN 3.5 km? , HrP X2 1.5 km?, WF58 LS 007 B KR FES 553525 R Scmkt™) |
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OYAR AR AHUERVEEAE YA (R R AR MR RS R B ) sl AR AR R ) .

20134F5 H.7 H.9 H 11 AF12014 45 3 H RS H X105 08 L 4T w5 A K AR BAL SR B R R A . T
FAAL >R YST 7K B4 A A BRI 5 /K I Eh B2 \ DO i pH B ; Chl a Fll TSS ¥R 4E 500 mL K JZKFEL 0.45
wm SEFLIE B 8 IS, VKR PR A I 4 IR SE 56 2 0 Hr A2 , Chl a SR FH 20 Y66 BE TR I A2 |, TSS 2R FH & 3 /AT
5E

2013 4F 11 3 18—21 H I Ia] FF v I 5 ef 1Ly A i th P43 A 14 6 AU 25 B I o T4, SL4 VR A A
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2013 4F 5 R 9 F X1 15 et Lyt 5 il REAS A R B () 2 B8 2B W et RS R/ INEEA T I A, ELAR IR 2 R
FEJ B ILSCHR ™, 2013 4F 5 H 8 FRE 7 3k X it o 35 4007 ) 25 B R AT T B R A
1.3 FEERES T

2013 4 5 7 YT IRIAET AT 52 100 20 501 SR 2 B A A7 58 A REAR LR | 417 1] S 86 28 )5 LA —20°C Tk
FaTRAT

A BEAAT WG AR R | 25 B ER 15 S T 5 4 0 ) 5 TR R R /SR 2 PN R A 00 S 4 0 Y 52
= (SH,mm) FLEHE (TWW , g) 5, FIBCH Wi i R 28R 7, I 1R 5e L (WSW, g) AR HE (WTW , g) , SR 5
FEWGFE FRZH R A A LR P (60°C) Mt T T (£ 24 h) JFEH TR E (FTW, o) . RHE F A KT
B 5 R (Flesh content, FC) FIAE# B ( Condition index,ClI) :

FC=WTW/WSWx100%
CI= FTW/WTWx100%

FAN N R 2 Bkt 15 R A 2 T DL I, 0 B Bk BOPE IR 41 20 ( Gonad Weight, GW ) Al

EMEMR 12 (Somatic Weight, SW) FREE, 4151 IR $E 2L ( Gonad Index, GI) B934T
GI=GW(mg)/SW(g)x1000

RHZRA 16S rRNA 7k l 3 /4> REAATWHFNE (VL H WG LS R TG 0F L) 09 35245 2 AR
KAWL, 95% BTEORS [ 2 (R Afis B =R JER 4] DNA RO Z R 1A 16S rRNA JEH F B
YIS I SCER Y 2 EA T SR Clustal X (1.83) A IRAS AT FLRRIAAR 16SrRNA 751 E 47 X v HES]
SKHH MEGA 3.0 #A4XHF 5 IR SE L B, A8 5007 s AT 204, IR0 B 2

SR F PCR F AN 1 52 L4 AR | T3 06F 1) RE AR A5 b B 27 A IR 5 B0, AR B SR e FH G 4 X5
Yreh i T AR ARA R A TSR (E 1) FEE 10 wm, -20°C-AE5 T, BAK AL 38 0 . DNA $2H—
PCR K —HL K 3 B — DT
1.4 HdkEsit

18 FH—4E 75 2253 H7 (1-way ANOVA) HLEE 2 ASREAHT R E I T T 0F Ll vs 2107 ) TR) 75 PR35 BBl 38
PERRFE R 25 57 . BRI g (a+ 1) B0 S5 i ABEITHERAE Statistic 6.0 4347,

2 HR

2.1 IKIREERIREE
VR T LK K IR A T 7.2—27.0 °C,SFMH N 17.2 C (£ 2) ;3ENT 25.2—29.6, (N 27.9;
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DO ZEALFL N 6.32—7.56 mg/L, SEYIME K 7.09 mg/L; TSS 4~F 19—136 mg/L, FHI{E N 50 mg/L; /K&K Chl a
AL 1.33—4.65 mg/m’ ,FEYI(E N 2.28 mg/m’,

®1 SIMFFIRTEREKE

Table 1 Primer sequences and amplified fragment length

R 31448 314551 e
Parasite Primer Primer sequences Amplified fragment length
JRE:HL Perkinsus sp. PerkITS85 5'-CCGCTTTGTTTGGMTCCC-3' 703bp
PerkITS750 5'-ACATCAGGCCTTCTAATGATG-3’

L Hr K Bonamia BO 5" -CATTTAATTGGTCGGGCCGC-3’ 304bp

BOAS 5'-CTGATCGTCTTCGATCCCCC-3'
JE TR HLfE T 1t MSX-F 5'-CGACTTTGGCATTAGGTTTCAGACC-3’ 573bp
Haplosporidium nelsoni MSX-R 5'-ATGTGTTGGTGACGCTAACCG-3’
LR KA Marteilia MR-F 5'-CCGCACACGTTCTTCACTCC-3’ 412bp

MR-R 5'-CTCGCGAGTTTCGACAGACG-3'

x2 IHEITERFLKEELIERR

Table 2 Physical-chemical metrics of Liyashan oyster reef in Haimen county

WM FEHR Metrics 2013-05 2013-07 2013-09 2013-12 2014-03 2014-05
KR 1/C 14.7 27.0 23.7 12.4 7.2 18.2
b Salinity 29.6 25.2 28.9 27.8 28.3 27.6
pH 8.10 8.06 8.13 8.09 8.14 8.07
DO /(mg/L) 7.36 7.56 6.32 7.06 6.98 7.25
TSS /(mg/L) 19 40 136 24 31 52
Chl a /(mg/m?) 4.65 2.36 2.03 1.76 1.33 1.57

2.2 HEMERE ST A

ZLTC NHUGTFARRRE VT T05 0 11 P LA 750 A ()5 AT WaRE B, SR BA 2] 201519.37 m?* (K 1,3 3) .
B RTEARBES (T AR 16330 m? , Fie/ MR BEER A T AN 0.98 m?

FEIRBEH AL 750 DR BEE ] R 7 A
W(F3), NEERE I HORE PR X 72% REIARBE SN % .. (
EAUTTF 10—500 m* 2 [, A BLUE 43 KA, T AL éj g
AT 1000—5000 m* (R BELR T (5 il K 1
2.3 GRUGRREEAE Y

TR G 1Y 26 B A T 0—100% 22 8], SF- 44 36 1% K %

66% ., SMA L G4 X PR M H SRR Z R VD B S %‘a‘a‘ Q{ﬁ l&; ,
AV

32°9.0'N
T
R®
GG
RIS
o a9
<
> =
k4
o

FEEL, T A B T AR AR T AR AL AN Y AL PR XA
SRR M R BT 1 A 7 i R

S T IR L TR P B A R B R G [ 0 stom - oy,

Y1535 (2199+363) ~/m” il (12361£1645) g/m’
(F4) ;i A4 ol 5w 2 B R A W B vy, TT AT s 121°32.5' 121°33.0°F
)‘J_:];j: T“:—tl‘l] == ‘09 Yo m :l: “:‘

igﬁ&gf E?iﬁﬂjﬁg/ Jj fin% it %jﬁ 1 SIHE TR LA AR 4 75
lj\] HI:\ZIKCH:E}E:Fi"{I ﬁE %ﬂi% E}_}ﬁu jﬂ ( 2894 330) I~ Fig.1 Distribution of intertidal patches in Liyashan oyster reef of
m’F1(12038+1436) g/m’(F 4) ; H, AL 355455 Haimen county
JE B iR, T AT 3 e A 22 8 R A W R 1K
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Table 3 Classification statistic of reef patches in Liyashan oyster reef of Haimen county

PR AL [l /m? HREAR B/ B 5 He/ % HEAR AL/ m? TBUE 73t/ %
Range in patch area No Quantity percent Area Area percentage
>10000 1 0.13 16330 8.10

5000—10000 1 0.13 5225 2.59
1000—5000 38 5.07 66409 32.95
500—1000 60 8.00 43637.3 21.65

100—3500 252 33.60 57757.2 28.66

10—100 293 39.07 11594.23 5.75

<10 105 14.00 566.64 0.28
&1 Total 750 201519.37

R4 IHIEIYRUT LG A RE AR R R B E R E M E (bR IER n=6)

Table 4 Mean density and biomass of the oyster Crassostrea sikamea in Liyashan oyster reef of Haimen County

e 5 A May 9 A September
Sampling sites HE/ (4/m?) HEE/ (g/m?) W/ (4/m?) W (g/m?)
Density Biomass Density Biomass
Al 1520+361 80562249 3902478 11222+2114
A2 2280+466 11204+2056 3889+267 14630+1663
A3 3119+447 16481+2953 3283+392 18454+2357
A4 3993+55 20741+2910 3043+223 14537+2317
AS 2218+143 13241+1048 2430+381 12370+2216
A6 2204+449 11852+2762 2043+508 7667+1757
A7 609+256 5833+2102 1428+ 159 7148+1106
A8 1650+262 11482+1154 3137+507 10278+1860

5 F ReAR MR 7 5 (SH) A T 10—78 mm , F-34{H 35 -

H30 mm, HhSERA T 2040 mm ZEGA KGR | 51
DY ot 6 L35, 24 o R BB L 0 82.0% (1| , =

2) . 9 HREA4 WG A9 5C = (SH) 4T 10—68 mm, F-1
B 24 mm, HE¥REBENTS A, MIXFFS5 A,
HWFAA (SH<20 mm) 1 E 40 B3 ETF, 5% 25%,
X F I 2 B G A A R S A B SRR TR (1 2)
2.4 WA S AE R

VDD M lef L) BT A= RE A 4 WE -2 FC Ol (32,15« 1 L7 =
1.80)%,E|Zi/3 CIj’\](9.76iO.95)%O %{m{%%ﬁﬁﬁézlitﬁ 10 15 20 25 30 35 Tg%g;/i& 55 60 65 70
WEHYSEY FC o (36.50+2.34) %, SF-3) CI Jy(15.24
1.04) %, *éﬁﬁiﬁj\*ﬁ%%,%ﬂﬁmﬁéﬂiﬁi%%%i@ B2 ST7 TR LF L A bR HE P RS AN AT MG R B A KN R 4 A
FC %ﬂ CI {E i’}] \'j'k % 1& ﬂ: % U-l P% 3%@ E/‘J ﬁE‘ ZIK fr"j: % ﬂ‘ﬁ Fig. 2 Size frequency distribution of the oyster Crassostrea
(P<0.05) .
2.5 HIWFE S

YR THR 05 L B 2 BEAS G 924 GI 9 (600+116) mg/g, 42 1Lk 5558 REAH WG AYE-44 GI S (10134
82) mg/g, —HETT 225 TR, G 1LIvE IR AE RE A 1) By S R T VLI T e 1) B A RE AR A g B A
(P<0.05) .

#FiZE Frequency/%

sikamea in Liyashan oyster reef of Haimen County

http ; //www.ecologica.cn



7754 A E = 36 %

2.6 HHunmAL 2R
TLIRTRE [ 05 eF 110 BE A G W (%) A AR 2o A 1 RN R Z2 A FR 5000 1R 0.119 Fi1 0.00028 , 35 AT
FTHTT G213 O BEA W AR (2 5)

F5 REARHIFFEMNZRESFEESH(16SIRNA)

Table 5 Genetic diversity indices of Crassostrea sikamea populations from 3 sampling sites

ol MK (n) HEAIE(NH,,) AR Z AP (H,) MR R (w)
Population Sample size Number of Haplotype Haplotype diversity Nucleotide diversity index
BT TFIF L Liyashan Haimen 33 3 0.119 0.00028

KAT T Yangtze River estuary 8 1 0 0

411145 Xiangshan Bay 25 1 0 0

2.7 AW E IR G
PCR KM 3% 1 JE FC B F B Haplosporidium nelsoni WIFAR Y34 F Bt , Hay JUAP R U BEE §7 48 A1

WA B (18 3) o Jerp T TR 0E L) REAS A W5 e [C A s A H <0 17.2% , TG 1 FR AR IR 91
HUHE A 47.3%

LI T80 11y
M 1 5 10 15 20 25 29

2000bp
1000bp
750bp
500bp

250bp ——|

LR L1

2000bp

750bp
500bp

250bp ——

B3 SIHETHRLR LA HTT SR L RE AN 44 e IK 87 F B Haplosporidium nelsoni B3 15 B8 ik BliE
Fig.3 PCR Amplification electrophoresis of Haplosporidium nelson in the oyster Crassostrea sikamea specimens from Liyashan oyster reef
and Xiangshan Bay

R TR ILAREAS R 1,2,3,9,23 A FHME Wit & LA F 6,7,8,9,11,16,17,18,19 R FHYE

AR T 9N E S5 R R, IIAY PCR P=#) K /IR 540bp , 23 BR 19 Be T B8 815 , #6045 R AE NCBI |3
17 blast, & BUAE S LK B BB E ¥ 91 55 Genbank "' Haplosporidium nelsoni [ small subunit ribosomal RNA
gene FHNFH (X565 AB080597.1) HYIF] IR 1L 999% (141 4) , Kt i o e G L
TTTGAGCCAAAGTAATGATTGATAGGAACACGTGGGGGTGCTAGTATCATCGGGTTAGAGGTTAAATTCTATGACCCCGGTGAGACTGAC
TTATGCGAAAGCATTCACCAAGTGTGTTTTCTTTAATCAAGAACTAAAGTTGGGGGATCGAAGACGATCAGATACCGTCGTAGTCCCAAC
TATAAACTATGTCGACTAAGCATTGGGCAAGTTTACTTCCTCAGAACTTTGAGAGAAATCAAAGTTTTCGGACTCAGGGGGGAGTATGCT
CGCAAGGGTGAAACTTGAAGAAATTGACGGAAGGGCACCACCAGATGTGGAGCCTGCGGCTTAATTTGACTCAACACGGTAAAACTTA

CCAGGACCAGACATAGTAAGGATTGACAGATTCAAGTTCTTTCTTGATTCTATGCATAGTGGTGCATGGCCGTTCTTAGTTGGTGGAGCGA
TTTGTCTGGTTAATTCCGTTAACGAACGAGACCTCAGCCATCTAACTAGCTGTCGCTACATCGGTTAGCGCCCCC

4 BEAHUE R B K B F B Haplosporidium nelsoni BEB 5 751

Fig.4 Partial gene sequence of Haplosporidium nelson in the oyster Crassostrea sikamea specimens
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3 e

3.0 W ol R ) 53 A T AR

R ot LA (0 5 A AT 7 A KR R R R AR L RS (GPS) SR AW
T UE FHIC AW T BOCHHE [T W05 0F LU AT RS T 1 b 30 2% 5 55 AT i TR 18 B ADK T OB F 45
AHEE , ToNAIUTRASSE RS2 BT X0 5 e B L 170 1 2 A 198 55 0 22 5 3245 SR DA v 1) g eF L s e 1) 28 385 O
PEAE T IANEE . 5 2003 AFEAK N MR 2 25 RAH LE, 3 10a (817 145 WF 11 41 W5 i ST AR 20 R R T 38.8%
SRR A T AR I — > A BRAE )R, Qi3 ) R A A W5 43 A T AR R 1970 4E4K 35 km B0 % 2006
3 km?, T REIRELRE] 91.49%
3.2 WHUF AR Y A S B0R

5 TR AR REAR EG 2222 U T e LA P A 1) 55 R R R R ) R e KT 5 4R
T, REAS WA 140 AT it B R 08y S T R L s SR A AR, 22 R PR o /N B /R UK AR TR b ) 8 7 )
A, o L HC T ) ol ) TR AR B A R A R5E DL S 3R A, X B 28 B DL SR AN Wi 52 e ) (PRI YD)
TIA TR LU RE AL WG 3545 22 AR 1 s TGS A VI 0, SR BTV D05 00F 1L 5 i A A g e i R
IR T HEIIRE

SRV AFIR AR LG, T8 15 def 1L W ik b 0 A A S 2 8 A AR5 e B (WK ZL R Rapana
venosa B 115 KR Thais luteostoma FYEFH KR Thais clavigera) , BEA )15 (A5 05 1o 11 B8 v Ol 455 1 05 &
T R A 5 AR S B T 2 1 AR AT S R
3.3 WEF AR AR AL

H AT, 1 1105 et LA e Y S 2 e PR A DR VIR AR R AT Bl s Dok, Y it R SR AR BT AR
W 2T A5 38 R AR A A5V A RA O G A S BE 3 157 25 PR AR R A R 10 A 455 S R UKD 72
AN AW LN SR B A5 AR, WAE R EAA T Ruditapes philippinarum A 7CE % Seylla Paramamosain , H
ARU3 Charybdis japonica JJKI MR Rapana venosa MR Bullacta exarata %5 , XM A A= 355 16 Al 1 4% o (7] $22 7
BB IR S0

L35 SCERGORMI AW ST 45 4 , W5 lef Ll AT W R AL AL ) 2R IAEPIAS Iy T, (1) A SRR . Bt 4 W
M EHAR T A E AW ) 3 BEAE = AR 46 T, 5 300 il 35 A W ) b i A U 5 3l ol R AR i ) T R
GERI, T R AW 2 T VLA (C. ariakensis) , T H A28 A7 3180 [B]H AR 10 A9 2 REAALNG . W45 4)
e 2 [B) AR A0 IS AR AT b 3R W 8 A X | REAS W5 AN 3 LSFEMRE IR K BB A2 S K
3070 N T % i R Y 1y PO T i W 7 N N 124 O T S VA W VA R B SN o 8 1R BT
TR A, 2 W RE AR itk 1A 4 A 358 R 2 vk T BB AR TRl VAT WG A AR Y (2) AR . VR VD7 3 A R A B
Jer PR B W R RS T e BRI ARG /N DL AR S R GEIRAE VF 2 H AR IR BER e VD 7 5, B B
KEFET: , WS FEARA WL AR 2 | BLATAT WG R AE R R DT IAN T . T3 A1, 2 Ml [ 1) SRAfTG 2 2 S BUiEAR 4=
SRR ARSI REIR AL I 2 U MR 28R TR
3.4 WG LA ) AR S A R

TEVEVSBIRFINSETE SR T AT, 1 TG 0eF L AR A T AR A g e R 5 AR A e 2 S LI T
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