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WE 2w EENFEGHHSERFAK MR GST KRA, T 2012—2018 £z 747 X6
KIS ULAR I IRIE, i A A S R A A FOUR R LA E AR X ZR| B (Apostichopus japonicus)
Byt A SRAT IR A, SF o B kA 2 B 75 248 8(P) . AT L 40 3(4). £ L HEIEEEH).
% 1tk DNA D-loop J7 71| ¥ Al % # & 48 $Fn A% 3 8. % 4% B 48 B AT 2 AT -0 o 11 AR B9 S 3 o
HE KR 2016 45 5 H BHLAMAR(P;=1.08), 2017 45 8 F ML AMAR(P,=1.31)H A I #h % 2| HHL7
F(4=1.001)5", b i H SBOAF A EATFNATE. MBPHARGER | KR EME. BHEENS
FEEEE A TREAKTFEH =2), 18 2016 F 5 A8 2017 F 8 ARt % F MR IK(H'=0.45.
H'=0.28), 2018 4£ 5 A /NAF s M) £ B ERIKE=0.77). RIFREYHREFEE, HEKR, 5%
JE A 2 ind./m? E A E 3~5 ind./m’, 2012 FF0 2018 M| S BRI 1L LA R G (CAER
LR AR B R Ky 0.995 F1 0.993, A B LA E 4R E 451 0.039 F1 0.037) ELE B F %kt = ¢,
BATM AN, ZHRPRNEFESRFERATHRRERY BT, EFEHEBEXLIET E

KA

PESEE $937.3  CEkERIDAD A

LR, 2 4Bk A SRR BT A AL T Bl Y
SO, T KA A v U™ B R (BT R4, 2019),
AR B Y T RS L R, 2007 4E, Lol e B
A B 2B (B RS AT B R I K el B R R Y
FE A KB X T R KT R IR R X
T 2011 AR ARSLE KRB IR O X B T
M) o B 2018 4R, 44 11 fibd sy FARE LYK=
PTG AR X 535 4b , (4P AL 1560.79 7 hm?,
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2007 4ELIK, TR E R HOK RS GEIRRD IX B 5L
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MG L (R, 2014), FIEHFsE R/, Hrp,
TR X A v A B B 5 A (5 L4, 2013;
FYEFES, 2018; AR, 2109), Wi X6
KT (BE%5, 2013; B4, 2014; BEIESE, 2018,
TBBE, 2019 MAEY ER(TEEZE, 2013; ff3E
4, 2013; THENESE, 2014),
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Wl 2 (Apostichopus  japonicus) & T [ 1% 5L 2
a, BB FPACR TN E, BN AR Tl
AL WAL AR AR (B R, 1997). B
ERSIFRMMHE Rz, TRl g m, i
HY AR 2 03 BE R R B0 A AR TR IR SRR R, S
A &R . 2017 4, FRIE 52 16 SR 5 i
TN 21,916 3 7 hm?, 4E7=H 4 21.9907 J7 t (fl 4
o e 8 B PR 45, 2018), FRE AR A AZ T, H
Z 0RO B K 8 SR (A S R A 2 — o R
PORIS R, ILARE SRS T 3 A2
RPKF=FP GV X, /A 5 00 2 W R YoK = Fh
TR X Oy Horp 22— R XS T 2009 4
BIEAUR 471 hm?, b, O KEALE 165 hm?,
L X E AN 306 hm?, FRAETIIN 24, AKX
BT AR BT AR A5, 1 5 2R A B [ B it
KGR, PO/ Bk, APEEE -12m
FIRLL . EEARIX G RS, HA R A T5 1
JR i RS (R AR NIRRT E RO ER, 2010).

R AT AR AR X A S IR BT AR B, 2012—
2018 4F, MELL 7 AEX/INA B RIS E R BOK R TR
TR X AR A W AR DL AT A, XK EREE | BT
WEE | AR A ST R A 1 T S A, A oA
ZAAAR DNA(mtDNA)E ] X (D-loop) 28 S48t | i
A TR AL BT RS (E B 065, 2013), >R A PCR
FESEEY B 254 DNA W74 AR 3543 D-loop 2751,
X% AR DX B A i S PR 3ot A5 2 AR A T IF 5T .
TERTIZ AR X PR AR RS IR | il St A5 2R 32 22
TRAP P FPIRESL , A3 BT R 47 DX A5 B 1Y) 28 56 R A7 7 1 1)
R, Ay B b R K o B IR R AP DA A BT
(B =

1 #wRER=E
1.1 XRiEREFFGE

2012—2014 4F, TELRP X E 4 Dulifs, B4F 8
H 22 R —YK 5 2015—2018 4F, 7EARIPIX %
BSAUENL, BHAES AL 8 A REERGI—K ., FEA
KL b B g7k HOB Mg Ve IR R VS )
(GB17378.3-2007)fH X HLE AT o RAF A7 ULIET 1,

2012 4FFN 2018 4F, 43 HITE LRI DI I P BL R 42
A% =150 g (il 2 20 H LB TR RS RS B0 =
B HO S5 B WLZ) 0.5 g CTAS7 1Y 1.5 ml % A7
B, -80°CERIRIRAT -
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Fig.1 The sampling stations of Xiaoshi Island 4. japonicus
national aquatic germplasm reserve
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IR | DU IAER | g AR Wl 5 43 B O 12
A3 R QPR W ILYE ) (GB 17378.4-2007 . GB
17378.5-2007 F1 GB 17378.7-2007) 8 5& i J7 4R AT o
H, \E4ESEUUE 2014—2018 F Wil ; HiH
FUEAAE Y BE4E 8 H A A7 Wil — 1Kk .

JKIREE pH. JTCHLA(DIN), & ME#ERR EL(PO4-P) .
fb2F T i (COD) . i (DOYE (7KK BihR ifE )
(GB 3097-1997) I ZEbrifEdE179EM; AR (Cu. Zn,
Hg. Cd. Pb fl As). Al (ol K Bidsik ) (GB
11607-1980) AT MY 5 WG LEDIR IR iL Y . A HLIK |
AihZE . EHAJE(Cu. Zn, Hg. Cd. Pb I As)##i (I
PEVTRRY T ) (GB 18668-2002) 1 BAR1EFATITAH .

S8 M8 ZREVE D HTH LU R J5 9847 . 76 NCBI
GenBank Hi k) F#4n S AB525437.1 Uil Z mtDNA
4J7 %, | Primer Premier 6.0 #1145 PES 91 9F
BB F 5] M CS-F: TCGTAACATAGTAGGTGTA
CC; CS-R: CAACCCATACTGCTGTAAAC, 4% Hifi|
ZHHNLY) 100 mg, SDS PFARBURZ: B DNA, K
W KGR G A AR EAT PCR ¥ 3 (B8 ok 1R %%,
2008), PCR =¥y aLa) il f . PF4, K151 mtDNA J¥
%15 GenBank %i5 AB 525437.1 HiY D-loop €74
2 MEGA 4.0 tbXf, 559145 2]51Z D-loop &)¥ 5.
2012 4EFI1 2018 4FHE i &5 4E — A BER, (/] MEGA
4.0 1 DnaSP 5.0 #AF AT 5347 o

1.3 EMFAE
1.31 R RBFF LI EFNKIRERLRYIRIE

2RI S NN T YNBSS (O 1 i A=W E
G

p=—i 1

s &)
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K, PTG W05 Y A8 HL s C ok is G i S I ik
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1.3.2 A HIF F 38 H0% L2 AR i KA A AU 5 F 0k

N APIEYIEERAIT AT E B4, 1987):

_Cop, DIN; DIR DO, @
COD, DIN, DIP, DO,

A, 4 WHEVIFYFE%C, COD;. DIN;. DIP; 1 DO;

S5z BRI, COD,. DIN,. DIP, fil DO, N IiR%

TRPEA 6 b T R A AT o R

1.3.3 S HBRIBHERATEE ALY S HRITH
Shannon-Weaver Z M54 (H’) (Shannon et al,

1963) IR AR -

s
H'=-Y P xlog,P, 3)

i=1
b, HOWEY ARG S 9Re il iRl R0 5
PR i R AR BB U AE

134 2R ZHE HBEFR S ERICERFTRE
% RN $iZ D-loop J¥%>k H] MEGA 4.0 Fll

DnaSP 5.0 Z A48T, B HE 2 A S HER A
ARG | SFY AL | R |
TR FERE | BRI P T 51 ) A% i 22 53 10 S X5 B0 o
PERLES Tajima's D B 55814 ZREMEFEHR

2 ZER59H

21 KWERE

2012—2018 4EFE41 11 AT AY K W 25 5
N, BRIPIXErE AR pH ZRfLVE R 7.99~8.38,
DO ZEALIE IR 6.11~10.2 mg/L, ¥Jik T 2K Fdni;
Eh ALY Bl 29.552~33.474; COD., DIP, DIN
AIMEMTEM A5 R LA 2,

[ @COD @mDIP mDIN [OFAHZ Petroleum

(3]

—
T

V5 YLFE4 Pollution index P;

0
WSS ITEES

INMESEN)
VY X G W SR
ARG AN SN SN SR\ SR NEN
A S S S S
KAEBFA] Sampling time (year-month)
g7k COD. DIP. DIN {72 FIPM 45

Fig.2 Single factor evaluation results of COD,
DIP, DIN and petroleum in sea water

P<l: AfRTETSY; Pi=1: AP1ETS Y. K 3 A
P<1: No pollution; P;=1: Polluted. Same as in Fig.3

& 2

A MK AY COD \DIP A il 275 L8 %L P<1,
YIRS Y, 2016 4 5 H R 2017 4 8 H Wi,
DIN P;> 1, W /RfE7E DIN 5%, /M &3, 2016 4
5 AWM S ASvhfirR, 3 ANz DIN ik 1289 7K K i
FRifE, Pi 4y 1.30, 1.40 1 1.42, 1 Dubfiis Mk
HEARKTRRUE, P=1.56, 1) P=1.08, 80%ufi{ A
Fr; 2017 45 8 H Wil 5 Aulifirp, 3 A ulifiik 12808
HOKFFRAUE, P45 117, 1.18 F11.23, 1 A ubfiz
IKIVZEIE KK FibrifE, P=2.05, F¥ P=1.13, 80%
SRR 5 HoAh W47 JC DIN BAREE S .

2014—2018 4FifF 7K 5 4 J@ PN &5 R LA 3.
FF Cu. Zn. Hg. Cd. Pb Hl As B75 4485 P<1,
R X AEAE 6 P4 w55y

2012—2018 4F /KA LTS Y PEA 25 1 UL 4.

1.
FACu E1Zn EHg OCd EPb [JAs

bEE it

Pollution index P;

4
1
0 5“:5:1 = P A AL B
2014-08 2015-05 2015-08 2016-08 2017-08 2018-08
SRFERT[A] Sampling time (year-month)

¥k Cu. Zn. Hg. Cd. Pb fil As B[ FIFM 4R
Fig.3 Single factor evaluation results of Cu,
Zn, Hg, Cd, Pb and As in sea water
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Fig.4 Organic pollution index in sea water
A<O0: RIf; 0<4<1: B 1<4<2: JFHZ 59,
2<AS3: RIETGY; 3<A<4: PETSY; 4>4: CETGYR
A=<0: Good; 0<4=<1: Normal; 1<4 <2: Begin to be polluted;

2<A4<3: Polluted lightly; 3<4 <4: Polluted moderately;
A>4: Seriously polluted

FEAF LTS A8 B0k E B AE, 1987 PR An ifE,
2017 4% 8 WA 5 ASsbfir, 3 b HLis dedg
BoAHHN 134, 1.75 F11.13, FH) 4=1.001, Bx
TR BT 453 32 B0 A LA T G 5 A A 0 ) o5 457 7K JB
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RIFA<OEKIF(0<4<1). ZAWERER, /N
55 000 2 [ G GOK 7 B 5T 0 U5 AR A DX K PR B T A S A
A, M/REEL DIN HFRILS, GEBZ A X F 2
WTETS Y ¥)°h DIN,

22 NRYMHERE

2012—2018 4F, HPXITEYIAH 9 NN S
B mifky . AP, A2, E4JE(Cu. Zn, Hg.
Cd. Pb Fl As)HUi5 Y488 P<1, W ORI X EK 1)
ECEUUR Y A e, DR X DU IR EE B 4f.
23 BEFEEVEESMT

2012—2018 4%, P47 X A Wa b 47 i i 4
SN 0.22~6.12 pg/L, 2012 4F 7 A FERE AL, N
0.35 pg/L; 2016 4E 5 A f12017 45 5 H ke, ¥k
4.26 pg/L, MERFE ALK . TR Y A Bl
WRILUCREE , AW AE Y BEAE 8 ARG RAE 1 K. 2k
W ZFEMEAR BT 1, BRI 25 R WA 5,

x1 HYESHEEYST

Tab.l The statistics of biodiversity indices

FKFE Y Z T8 %L Biodiversity index H'
Y
R, S
Sampling TR Y Y Y
time Phyto- ) . ’ ’
(year- plankton Macro- Micro- Macro-
month) zooplankton zooplankton invertebrate
2012-07 2.39 2.45 2.76 1.82
2013-08 2.44 2.53 2.47 2.22
2014-08 3.31 2.77 2.87 2.99
2015-05 2.42 2.12 3.35 -
2015-08 3.14 1.76 2.83 1.91
2016-05 0.45 1.18 1.71 -
2016-08 1.99 2.31 2.08 2.34
2017-05 2.00 2.05 2.48 -
2017-08 0.28 3.85 1.28 1.29
2018-05 2.22 2.22 0.77 -
2018-08 2.82 2.26 2.45 2.58

PRAP XA AT UG PR WP A 9~24 FhANAE, LIk
#(Diatom) A £, H, ATEBE(Chaetoceros sp.).
ifi 4 (Coscinodiscus sp.)i W, W % (Dinoflagellates)
Hh R OL = 8 fA ¥ (Ceratium tripos), A% H 2 FI 7= 5%
P o BRI W0 PR AT A 2 HEAR A, M 2018 4F 5
A% 3.0x10° cell/m’ 2 2017 4F 8 H#Y 3.3x107 cell/m’
NG FEE Y Z REVESR B AT, 2016 4F 5 H'=0.45,
2017 4F 8 H H'=0.28, ZHAEMAK . 220 &K 3K, 2016
5 Hizilg X 255 JLN 5 (Guinardia delicatula)f)

W FI#EY) Phytoplankton

O KEFI 5 Macrozooplankton
B /NEIFRIESI ) Microzooplankton
O JEMA: %) Macroinvertebrate

N

w
T

ZREMERRE
Biodiversity index H'
)

0

NN

NN SN SRS SN NN
DDA DDA DA D P

SKAEH} ] Sampling time (year-month)
Bl s A2 RN
Fig.5 Evaluation of marine biodiversity
H'<l: 'EZREEmIG; 1<H'<2: EYZH—B;
H'=2: "R
H'<1: Low biodiversity; 1 < H'<2: Ordinary biodiversity;
H'=2: High biodiversity

AR 91.8%, 2017 4 8 % X ek ff 6 i
(Chaetoceros curvisetus) I H JE B ik 96.8%, H—pfp
()R e B T BRI A ) AR W Z AR R A, AR AR S5
AHarE; 2016 4F 8 A H'=1.99, TRIFHIYIA: W2 Rk
— B, HABATRE =2, BIRIZAYP X IR 2 FE
PR, ARSI E .

TAVCRER] 6~15 R RBLE IS, B K.
TARE M BAE 201245 7 A, K 11 ind./m’; e %
FEHBLF 2015 4F 8 1, 2l 188 ind./m’, B 2015 4F 8
HH2016 4 5 A H 50900 1.76 Al 1.18 5b, HAbfi
W =2, BRI B/ BT I 30 P Fh 2 HCh
8~25 Fh S AR BE LT 2014 4F 8 H 4 141 ind./m’,
e W B BT 2016 4F 8 A, 24 14,258 ind./m’;2018
45 A H'=0.077, Bon/NMUREESh Y 2RI, &
IR B, ARLR IR IR S B (Noctiluca scintillans)
KAELBH, RHEETL 87.2%; 2016 4F 5 1 2017 4
8 H, ZHREIEIRE H x50 1.71 A1 1.28; HABATX
¥i=2, WoRiEEZR X 2w, A4
A MTEE o I X R UL 3 Dy s e
(Sagitta crassa). /MUIF/KF(Paracalanus parvus), 1E
7 IK %/ (Calanus sinicus) . 2 &I 11K (Polychaeta
larva) . $&RZETCTIIK(Copepoda nauplius), & 7% R
W2 MEE A HRZE . R BEEREFATHE
Wik, Rabn | fFHEsE, W] UL X AEY) 2R
F&, BZMATAEYD A KRBT

AR R B R E DR R B 6~10 B, B
4 200~800 ind./m*, HJLLERRE o B IR AN
RV & (Lumbrineris sp.) 1 A 8] %5 W (Sternaspis
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scutata), 2012, 2015 1 2017 4E/E ) ZREVEFE S A
JrBIh 1.82, 1.91 Fl 1.29, ZREvE—, HABFED
Yi=2, Wonil iz R EY Z RS, A&
DEEMRE

B2, AN S E R BOK PR IR AR X Y
EAEYIFIRER , RIS S,
R BB AR ) SRR U S ) R R I S B A
PEFE AR 52

24 RBEEZHMNE

2012 F1 2018 443 AIFELRA IXCRERF A IS 21
F1 24 A4, XTAEAHIZ DNA #47 PCR §738, I3 3K
519 mtDNA J¥512 MEGA 4.0 [bxf. 8590, 3748
453~459 bp A mtDNA D-loop 4/%%), MEGA 4.0,
DnaSP 5.0 A Hr 4 st A5 ZFEvE B, 45 R 03k 2,
MFE 2 AT LA T, 2012 F1 2018 4F R AE (1l 2 s )

ZREFEIRF] 0.99 VUL, AFHEKF. BHFRE
FEREZR 0 0.039 F1 0.037, S i E RS B
W 8 AN S FEIA DR D-loop JEHN 43 M S e, 1L
RTHC A B E A 5 200.044 1), BT H 5 KFEM
(0.034 5)FHAE K (0.010 9MHIZ, HitimT 84
2 AR 0.015 9)(EHRHRSE, 2020), tsrlEm T 5K
. BB P SIS D-loop ¥4
Bras R (i m 5t 45, 2014), RU/NA RIS 8E ZF
PR, 5 2007 AE% AR A 2 10 8L ZRE R
R R—E (P ZRAE, 2009), HPEREEE 25 S Tajima's D
2012 4Eh-1.31, 2018 4EM-1.65, ¥ hffl, #
BIREAR R ES T rh X, mT B2 BUREAR D sk AT [ SR 3k
R, B85 225 A BEP>0.05). 2 M
A 3818 346 2R B Fy= —0.000 97<0.05, tAH 2012 4F
2018 AR S BEMR B] 35 1% 22 AR/, ANAEAE 04k
(Wright, 1931),

x2 RSBEEZHEERY
Tab.2 The genetic diversity indices of 4. japonicus
RHENT R RS g pppy ZOME ZREalE BB Brmes
Sampling Sample Haploid  Haplotype Number of  Percentage of  ZFERE - % A IR
time/year number number diversity polyrporphic POIYmorphic Nucleotide  Average number of Mean genetic
sites loci /% diversity nucleotide differences  distance
2012 21 20 0.995+0.016 85 21.10 0.039 17.3 0.018
2018 24 22 0.993+0.014 94 21.56 0.037 16.1 0.037
25 RIPEYHF RN 3 itig

AN B R 2 [ RO 7 R BB IR R X Y
FIZHAMER . R it R AR, &9F
B 5T BYFP BTGEUR o XY R O AR MR A
FEAHA . RS R B, R IX RS
THEN 2012 4F2Y 2 ind/m® B E 2018 424
3~5 ind./m’, FERKFAKIRIE G0, IS BEAL T I
IR ARG IR AL 5, R PR IR X 4R it
DX e AR S5 . /N S TR . R s T, £
F5E G BRER 16 HH (Strongylocentrotus nudus) . 3% 0
(Hemicentrotus pulcherrimus)o P37 X N [6] B A5 K& )
4% o #% ® (Haliotis discus hannai) . %% f1 5 ¥
(Saxidomus purpuratus)3E N ZSRIR , AL EE Y
4 200 ind./m? o FRITDGEA F B I EE R BB
(Sargassum thunbergii). KW B (Zostera marina). ¥
W (Thallus laminariae) . ¥ 2 (Undaria pinnatifida) |
AL (Gelidium amansii) . F5BEER(Porphyra yezoensis)
S, Hop, BB RMPEEREE, Z2RS0I06
KIRVLEL

HELE 7 ARG WD S5 S R N B S E R oK
FERN TR TR X 2012—2015 4EK I — EAR R
If; 2016 4F 5 A A1 2017 4F 8 AR TR, %4 80%
ui (K DIN AR, AS5uhf DIN 5 IV 297K K i
Frif, Bl 2 B — P b R i B MNF A ) A ) 2
PEFEEW G ; 2018 4FIKE B RIFIRA . FAELH,
2016 4% 5 H F1 2017 47 8 H Wi ISR A iy Jali v b [X 347 28
DTN, HEWT FR T K #5820 B R s Y AT,
B X SRR, BRSNS, —Fh
e R B, (TR I ) 2 RE RS . 5 HAh P it
IR PR VR ARG XA EL, N 5 SR DX 7K K 5 3
WOR AR, 5N T KA I ol R R R AR A X (A
2014; MERERAE, 202 1)FIET = 5 7k [ R 9K = s
BRI (ER2L, 20195, W WAL T3S
P VLt 0 o 5T 8 IR AR A X (R B 5, 2013; BEER 4R,
2018) ZMHTINN, FEEH FHUERALE W, NG
S RN | R = B PR XA B N R AN X, T TE
i o i I o/ X N E R 5 A L B 1 ) I R
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R4 2 35 e IR R AL S AR DR A 5 i I VS S T
M1, WK SN sc g, HisRE i, BB
BIRAKMREN, KFZ NI F=A G mi K, K
NGRS Y =

AN PR DO PR A S IR BT BAR ST, AR 2R
PEEE, I XA ZRE TR H RS, AR
PO GRS IR R R AR, 2012 F1 2018 AR5 Z
WL ZREME S HICH Wk, BRIZ R XA fR
SR RS, JEAR TR R T AR K P b R IR R A A7 RS
FIE R RN, — 7, PR XA T T P
W, BB KRBT, % NI s, A5k
S IRBE S, XA X G i A KR S o0 A
Fs A — i, AR X AL T E R PO Z R R
JEIE VA K A BR S FIUR L RN B AR L BRI 1Y)
PSR, o T 28R XA & NE M= 4
PHZ TR ), () 2 GRS BT R AR . %R
DX A AR AT A — SE ) {0 . — S T JLAF J&) 0 i /K 37 5%
FEIEIN, T RER MR XU A SR EE, AR
Ik 3%t T RE X AR B DX P T A B TR R X 2 Y
AR R AR, TSR EMN; RN
FHATE L, BRI TR XA N BRI 22 9
)L, H KA, ] ST A 7K = e I ) A4
PORIAIH R, T B AR LR DX R SR 5T 9% U 4 1)
VEFH, A3l v R4 & 8 04 1R R0 (B A R AR

Z % x #
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Comprehensive Evaluation of the Xiaoshi Island
Apostichopus japonicus National Aquatic Germplasm Reserve

LIU Lijuan', JIANG Xiangyang', GAO Jiging', SONG Xiukai', ZHANG Xuechao?,
FU Ping', JIANG Huichao', LIU Aiying', XING Hongyan'"

(1. Shandong Marine Resource and Environment Research Institute,
Shandong Key Laboratory of Restoration Marine Ecology, Yantai, Shandong 264006, China;
2. Weihai Marine and Fishery Monitoring and Hazard Mitigation Center, Weihai, Shandong 264200, China)

Abstract To assess the Xiaoshi Island Apostichopus japonicus national aquatic germplasm reserve,
parameters related to the water environment, sediment environment, marine ecology, protected biological
resources, and genetic diversity of 4. japonicus from 2012 to 2018 were examined. The condition of the
reserve was evaluated by several indices, including the single factor pollution index (Pi), organic pollution
index (A4), biodiversity index (H'), haplotype diversity index, and nucleotide diversity index of the
mitochondrial DNA D-loop sequence. During 11 cruises, all of the observed parameters met the seawater
evaluation standards, except for the dissolved inorganic nitrogen concentrations, which were greater than
the established standards in May 2016 (Pi = 1.08) and August 2017 (Pi = 1.31). This indicates that the
water was polluted by organic matter (A = 1.001) in August 2017. The observed sediment parameters met
the Class 1 national sediment quality standards. The marine biodiversity indices were high (H' = 2).
However, the phytoplankton diversities were low in May 2016 (H' = 0.45) and August 2017 (H' = 0.28),
and the small zooplankton diversity was low in May 2018 (H' = 0.77). The biological resources in the
reserve area were rich. The number of A. japonicus per unit square area gradually increased from ~2 to
3~5. A. japonicus genetic diversity was high in 2012 (haplotype diversity index = 0.995, nucleotide
diversity index = 0.039) and 2018 (haplotype diversity index = 0.993, nucleotide diversity index = 0.037),
and there were no significant genetic differences between the groups. Overall, the marine ecological
environment and aquatic germplasm resources in the reserve are well-protected. However, it is necessary
to prevent future risks associated with dissolved inorganic nitrogen contamination.

Key words Xiaoshi Island; Reserve; Resource and environment; Comprehensive evaluation;
Apostichopus japonicus; Genetic diversity
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