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Habitat suitability of Stichopus japonicas, Scapharca broughtonii and Mytilus

edulis in the shallow waters of Xiaoheishan Isalnd
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1 Ocean University of China College of Marine Life, Qingdao 266003, China

2 Marine Biology Institute of Shandong Province, Qingdao 266104, China

Abstract; Xiaoheishan Island is located in Bohai Strait and affiliated with Miaodao Archipelago, which lies in Shandong
province. The paper identifies the potential area for sustainable restoration of Stichopus japonicas , Scapharca broughtonii and
Mytilus edulis in the shallow waters of Xiaoheishan Island using a habitat suitability index model ( HSI). Seven screened
environmental factors were involved in the HSI model for each species respectively. In summary, the following 9 factors:
water temperature, salinity, water depth, pH, sediment composition, dissolved oxygen, organic carbon, current velocity
and Chlorophyll a were analyzed in this study. Specific factor piecewise functions have been used to transform environmental
factor values into normalized quality indexes (0, 2, 3 and 4). The weight of the each factor was judged with the expert
knowledge and the analytic hierarchy process (AHP) method. Thus, the habitat suitable analysis maps were obtained after
data interpolate, reclassification and raster calculation with the aid of GIS spatial analysis module. In addition, the analysis
of habitat suitability was conducted for four seasons in this paper in order to get more detailed information. First, the results
suggest that the entire area was suitable for restoration of S.japonicas and M.edulis, along with no spatial differences but
obvious seasonal changes for the 2 species. For S.broughtonii, it is noteworthy that the study area was defined as the
suboptimal habitat by the reason of aestivation. Moreover, the northeast region was detected as the optimal site for S.

broughtonii propagation, followed by the western part. Meanwhile, the suboptimal habitat accounted for the majority of study
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area throughout the year with the marginal habitat only appeared in winter. Water temperature was the main factor causing
seasonal variation, while sediments composition was remained as the key reason for the differences in habitat sites. Overall ,
the results indicated the great feasibility for the long—term survival and successful restoration of S.japonicas, S.broughtonii
and M.edulis. This study could provide supports and suggestions for subsequent research of biological diversity protection

and ecological restoration.

Key Words : habitat suitability index; Stichopus japonicas ; Scapharca broughtonii; Mytilus edulis ; Xiaoheishan Island 2 A
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Fig.1 The Xiaoheishan Island and monitoring station
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Table 1 The determination of three species of impact factors

Yl Species 1 2 3 4 5 6 7

$i 2 Stichopus japonicas ey K K HhpE PH g %2 AL
Wi Scapharca broughtonii T2 R K K HhpE b TR TRE S pH MR a
L0401 Mytilus edulis P SRR 7K ik HhpE pH TS K ey %=

2.3.2 PRI PRI R PR AR

WA DAEAR AT S N AR B BRI R 4 A9 (IS B AR BOE BB A
T EAESERANIE BAEBE , #E HSI A b 20 B pREIGHEA T 2638, R4 GIS i B/ 2Rl T (e, b 38 B E
BEARAE LR PR HE B 15 3h J1 i, A 2 PR S 08 B A, 4% A 55 B 038 B M 45 X (suitability index,
SI) WRAEh 43 3038 BA SR IV RE AW B AW AE KR B BRI , 445 155 A A0 | A % S AR IE 7, ST
{HR 35 FATE FAE BTN TEIZ A T A RES T 2 A B 6 ), AR W Rens A 77, STIRAE 2 Al B AR SR A Re e it R
WA T W25 A W JETE AT , STRRE A 0, XoF B 07 16 11 0 2R B P4 DR 7328 4 A A 153 B M mR 4, T
BIE A BGE B ESF R R (R 2—K4)

S 2R PO MR Y, R ST R 2 B 7E & e i Al 109% MRb IR, T
AP A i X S B SR A TR AR A R SRR SR A 10% LR A RIS A, 15 PR T 30% 1)
JEIRTCHI S oA, 2T AR i 2 Bl v sh W, B AR KK RN R 15-18C, /K IR <S5C 15 1E 6 5
BrREg 'S S R 6 MR SRS R T T KIE N S A K R, & B KR > 20°C B, R B IR AL K
TR B2 6 ) = A7 18 5 1) B B PR 22 R I 2 K 2 AR TR AE 3- 15m 7K B0, BT ) TROK X 305 3 1 3
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Table 2 Classification of habitat suitability for Stichopus japonicus

IEE AT BOBEABE BATE HAESE ;
P Optimal habitat Suboptimal habitat Marginal habitat Un
Evaluation factors Sl-4 S1=3 S22
JIE 2T Sediment composition! ') <10 10-20 20-30 >30
7k Water temperature/°C 718 15-18 10-15 5-10 2% 18-20 <5 3>20
K Water depth/m! -2 3-5 5-10 10-15 <3 8>15
R Salinity! 18:21-22) 27-31.5 25-27 8 31.5-34 22-25 1§, 34-36 <22 m>36
pH!19:22] 7.9-8.2 7.0-7.9 5 8.2-8.5 6.0-7.5 8.5-9.0 <6 H>9
Y4 Dissolved Oxygen! -] =5.0 3.6-5.0 1.0-3.6 <1.0
A BB Organic carbon!!'”! <2.0x107? 3.0x1073 4.0x107? >4.0x107?

kAR >63mm FE %
F3 BHEREEMHERNSF
Table 3 Classification of habitat suitability for Scapharca broughtonii

IR A B Bud HE R HARE BB Aid B A B

PN E T Evaluation factors Optimal habitat Suboptimal habitat Marginal habitat Unsuitable habitat
Si=4 SI=3 Si=2 SI=0
JIE 2T Sediment composition /2 >80 65-80 50-65 <50
7k Water temperature/°C ['1:20] 14-20 8-14 1 20-25 5-8 B 25-28 <5 5(>25
JKEE Water depth/m!26-28] 10-20 7-10 5 20-30 3-7 5 30-50 <3 5>50
#hJE Salinity 2627 30-32 29-30 5 32-33 7-29 B 33-45 <27 B>45
JKFFE Current velocity/ (em/s) 12 25-35 15-25 5§ 35-40 5-15 B 40-50 <5 3>50
pH!? 8.0-8.5 7.3-8.0 1% 8.5-9.5 5.5-7 5,9.0-9.2 <5.58>9.2
42 a chlorophyll a/ (ug/L) > 1.0-2.0 >2.0 0.5-1.0 <0.5
kAR >63mm FE %
T4 EMNERBEESRNSR
Table 4 Classification of habitat suitability for Mytilus edulis

S BIE A BARTE HAESE USTHELR:
AT Optimal habitat Suboptimal habitat Marginal habitat Unsuitable habitat
Evaluation factors

SI=4 SI=3 SI=2 SI=0

JKI K current velocity ( ml/min) 13 410-470 380-410 300- 380 <300 5{>470
K& Water emperature/ °C 2531 10-20 7-14 57 25-28 5-7 1% 23-25 <5 5>28
EJE Salinity 33 25-30 30-40 15-24 <15 =40
pHL2] 7.5-8.5 7-7.5 8% 8.5-8.7 6-7 % 8.7-9 <6 5(=9
IH-4%2% a chlorophyll a/ (ug/L) P13 1.0-2.0 >2.0 0.5-1.0 <0.5
KR Water depth/m!?] 1-3 3-9 9-10 >10
Hifi#48 Dissolved Oxygen/(mg/L) [ >6.5 5.5-6.5 4.5-5.5 <4.5

T K 0 2 IR AL

S IKIRI] S IR B ) b pr [323)

pHIP 2 B L2 15 DL

LIS B AR TG | R B 2R HAE K AR W L R A i 80% L) AR IR IE

REAE AR EE O AR R K DL

K <5C 8 >25C i}, Bhaf 245 kAR K B SE T, JBhi 3= M B T
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TEH AT ot 20 254 H b E DL 50 B pH {EM 8.0-8.5, 24 pH {H>9.2 8, pH {E<5.5 i, btk Ui 3h
BE 155 , i BB IREAIG, KA P R AR e 15 6 ekt A K R AR EE L AR OCHIFSE i H P 4R 3R a R >2.0pg/
L IF 38 ERERH A A K, I AR 2R a YR E <0.5wg/L I D23 deb gy 2 1)

HHT, O A W 2 SR DA K A B R AT 1 a8, (EX 58 016 DL — W R A BF S AR G 3se 2, A
SCHER G DA B BV SR 3 3 (R 4) IR N2, S RS AR S ST PR (4 DU SE R R i . TR D
B K PR AR N AT A A5 0 i a X M LR D0 AT 5% 2 I, JHL A% 1 4R o 5 7k A bR v 2 5, 24K R
T <300ml/min B, R FR MG, M3 470ml/min B, SRR RN KAG . 2206 U1 @ 28I Y G U
TV RE S, FANAT) Ak Y SR SR ULE B KOKIR 5-23°C , ol KR 10-20°C T 247K R <5°C 5
>28°C Bt , M D452 1B BIAE T, 80 D3 B AR A AR — B 25- 30, 2440 o 0 sl A AR 2 s A 2 7
B TR, IR 2530 ff DU R PR P98 e & AR s % I AR S DL 2REE BAE pH Ry 7-9 SEEI A, 24 pH
<7.8=8.7 i} SR E A WAL, Mo R RIFIEY A Y R — A EEAAE, S5 A A TR X
Tt DURH DG 9 26 W 58 6 DL LA 8 BV /K P SR ook £, SRR B2 1.0-2.0pe/ L, 38 B TR DUAR K, Y TH ok}
WIE <0.5pg/L, MHI AR, FanA > S35 Tk R 2 IR Y S R R LB 5, IR D 23
25 A F RS 2 3m AKIRIXIR, Chen' ™ 251058 & BV 8 <4.5Smg/ L B B3 DA SRR
233 REHE

FEL PR T A LR L, B FHJZ K43 Mi (Analytic Hierarchy Process, AHP) P g3y 2k 4544
PR ARG AR T Z R R , HEr i By 2 RS54, bl 5 % o] — 2 I 0 45 AR B8 DR E B R/ N EA T B B %
(R 1—9 L BIAREE) | 0 R a0 2 b R0 55 0 DL (%) R 9 EL 2 AT R e, 3 o — B5OME RS 36 (B CR<0.1)
K645 55 (CR H) IR 0.0384; 0.0104; 0.0249 5 240 7 S0 - AE 55 K F A (32 5)

®5 RS B ER I EFNESR
Table 5 Defined weights of specific factors for Stichopus japonicas .Scapharca broughtonii and Mytilus edulis

% ; .
EEBER T Habitat factors ( Stichopfi;iponicas) (Scapharfjbg;ﬁughmnii) ( M};jlzyjs T;iulis)
JE M Sediment composition 0.1325 0.2842 /

JKiE Water temperature 0.2967 0.2842 0.2475
HhE Salinity 0.2967 0.1134 0.1167
P4 Dissolved Oxygen 0.0586 / 0.1884
JKIE Water depth 0.0488 0.0401 0.0416

pH 0.1325 0.0669 0.0416
JKIF I Current velocity / 0.0978 0.1167
4% a Chlorophyll a / 0.1134 0.2475

A BB Organic carbon 0.0342 / /

2.3.4 JEHEVERE T

VA PR 110 325 B S5 0] 3 B AR o J |, A4 0 0oy 380 A B 3 MY rh 530 HSTE, X 58
DX A B E B 25 A e B, BT 3 vk R B Y 3% Tl 5 (continued product model, CPM ) I JL{n] - #4 1k
( geometric mean model ,GMM) % & Bt T (A% TTE3 3171 ) Je i Y 53k 10 Layher ™ FIZRE 85 45 A 45
15 X AP R R A BEAR A U DR 54 I F Z RIS B R RIS R . AR, R 22 9 JIAS AN A5
FHBIIE EHE AT R O ARBIESE H  HST AT A3 F

)
HSI =Y SI, W,
i=1
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Fig.2 Map of habitat suitable area of Stichopus japonicas (2013.6-spring)
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Fig.3 Map of habitat suitable area of Stichopus japonicas (2013.8-summer )
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Fig.4 Map of habitat suitable area of Stichopus japonicas (2013.11-autumn)
(10— 13)
4 Tt

Bt N il BEIRTE SR 19 H 8108 1, Yl A= 4 2Rk A2 B0 S UM, X A EA T R I2 2 O 2 EROC

http : //www.ecologica.cn



8 A E = 37 %

120°37'30" 120°38'00"  120°38'30" 120°3900" 120°39'30" 120°40'00" 120°4030"E
T T T T T T T
T( <z;3 A
B A
Z
3 v '
N [T -
wy
5
I 1
o0
e L
5
AR
s [REILE
3
o0
2
[ S K2 DA
[ G S
[ e A
= [ A& R
§ i I A
o
- 0 600 1200km
5 MNEBELSBREHSEEEEE(EF)
Fig.5 Map of habitat suitable area of Stichopus japonicas (2014.3-winter )
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Fig.6 Map of habitat suitable area of Scapharca broughtonii (2013.6-spring)
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Fig.7 Map of habitat suitable area of Scapharca broughtonii (2013.8-summer )
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HIZR 2 B 10 5 R ON ¥ P A B IR AR MBS E 77 EAh RIS A (2012) 5 B ArcGIS 9.3 %5
(] MRS, X L 2R 8 A T A 1 A DX SR 2 B IR AR AP AT 1 VAl 45 R~ S R 7 sl o L L
S5 DA EO S G FRIE /N R L I TS AL T A T W, 37 T % AR B DY g PSR IR, AF 5 S W I 5
FURIS A RS FHE , 55X A O A 4 0 20 B B 50 DRI e 451 AR AT

R6 BMINFTHEREEMSINER

Table 6 The statistical calculate results of 4 seasons over the study area of Scapharca broughtonii

A BB S FEAE FAN
. Optimal habitat Suboptimal habitat Marginal habitat
Z=7 Season
T/ km® HIr/ % T km? T/ % T/ km® HIrL/ %
Area Percent Area Percent Area Percent
#7Z Spring 0.82 0.13 5.61 0.87 0 0
5 % Summer 0.49 0.08 5.94 0.92 0 0
k2 Autumn 2.09 0.33 4.34 0.67 0 0
47 Winter 0 0 6.05 0.94 0.38 0.06

SRL S SRV AR 3% Y D12 | - U B s v B S, LA IX. 32 S e 18 DR IR BT /K il L 3k B MK IR 5
WEEHEFRsgm Y R (F DR ANV KPR s AR A K SO R, HE
DK R RE AR . AR ROR N AW ST SRS B A ( E DR ) ARUE , K UL i RN R B AR R A2 R
FEMAAN K (AR 3ok 2 b SRR e A vy, TS BB A 2 TR A 1 6 FOR RIS T 445 S 50, L
SCREBHHE DL 3 A 18 0, RS2 1 AR AHHE DX RRAS H D (0.25mm <RiAE <0.50mm ) HYBEFE R 4F 1k, MEAL, 255
M43 a MK R R0, DFE IXBAE 4 D DIEGE FAESE N 3, B % R AR AR 58 1 50
eSS . Park P! 4 (2011 ) WS K A 2l H R KR ) & AT AR #E Scapharca subcrenata ( Lischke,
1869 ) 1) 7= B FIAEAL, , 1T L 7E K IR T 8°C W& 1k 2B K KRR AT 25°C I B R st =1, /NI B F o
XIS KR A ., Z KR AN 2R 3R a(>2.0pg/L) AFER G RENA , 4 S3 I 86 s & FHVERF I3 4 4r,
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7 S3 uli 37 JE 20 SR ) B AR B s K ER G KIR (6—9.3m) M 4% 3K a 520, S4,S5,S6 w1 M iE FAE B
A7 ST Ui LI MRS AZ 7K I (5°C ) FIZK R (6m) S0 R AR TS FUAE 45 (0.38km? ) | HAW RIS A03E WA 5%

SRNG DL LS A ORI 5T o B 3 AR 3 R XUTR /DN T UL 1 30 110 G 7 X, 4K a RN 40 (DO) X 52 TR
DU AR EE BRI JERA R s /N RIS KR M4 a ST R 0.98mg/m™ | R 72
IR RIS RIAE 7.71—12.26mg/L Z [6], FEAREAS 16 A2 5506 DUAE R P . vl 6 10—1&T 13m0, A
FEXIRAEA AR A 58 T DA R i3 BAE B, A RN BBl HABE . Ah KR XS 58 T DL A= AP LA e —
S PSR Y T P 0 1 SR i IR 32 T s TG 2005 T 8 e A, 8 R AN P T T T R
PSS R R 2R R RN R T A A R R AR R R T R A AR R R T &
R B AR 3 52 B A R B IR AR B 1 SR AR AR A 2 % Rinaldi %57 (2014) 25 F KA 1
JAAEM 4R a RSB BRI W DU BORE, i 2o B S AL 50 36 1D Ganzirriz V535 BU5 TR DURS A2 G 58, 1T Faro
VAT PRI FEAE S, /RIS & ZR il KR Y /N T 59C (944328 0 43 ) , AT B TG DU AR A T AE
M= KIRAE 7—14°C 5L 14—23°CYERIN 15500 3 43 F0 4 43 AN E B TR DUAE K

Xof Byl DN 10 A9 2 sl o B 4F HST 8 215 28 (5 KA SR/ N A s (57 A7 BURRAE 3B, 43501l %F 7 A4~
Bi R F A S A IR 109% , X AN 45275 HSTAE AY AR ML, R M A5t HST A R R 38 % ( Coefficients
of Sensitivity ,CS) L, 4R TR, X TRIZR UL, F (K AEZE , H CS (A2 IR ok (0.812—1.
571) s kT REMER B, IR BB AR A5 LAY CS (B2 A0 MR B2 e R, JF 1 Bl = (B 2.859 5 X T~ 5 T DUk i, K il
RAABALSE  H CS (HZS IR BE B K (0—2.589) o WA, 3 2-3 4 SR AWFFE I A B3 | A AR , 72 HSI
BRI Y43 B pRABGHA T 3R , TFAE GIS v W T EE 43 A T IR, 3k st 28— 2P AR 1 A [ 2F 5 [R5 S D 4 A2 Ak
Jat ok B BURAE 22 57

Pastres %7 (2001 ) K GIS 25 A1 W ASEHURN 3 /K 2 S EAIRI 25 & W T a5 14 ASIREAE | 52 A3
BRSERE G E IR I LA SER RG] ( Tapes philippinarum) 75 Venice W B4 A4 5836 B AE A 3 r= @ b4 T
TOMHHESE . Longdill %% (2008) Z5 A4+t e FIEREE R 10 1k, it 1 14 SR AR B o5 1 3550 DL
( Perna canaliculus ) 75 Plenty 75 f{)3E B34 5% X 8, R 1, Kliskey 251 (1999) Fl Jorgensen'®' (2009) ¥ 45 H
HST A A iy A\ A% T SR IR A AT . ASBIF 9 66 7/ JR 1 8 408 30 Vi Bl ] A Bt Wkt 5B T
Pastres 55 ™ Hl Longdill 55" #4 AR AU v — 26 27 9% B ROME LA A6 1 280 (A S Al SR T BE IX 400 4355 )
TR B TS B2 AY JKR ER B W4 . pH K IR B it a (K I RER , 3G MLk ) 55 7 >S40 HSL
B,

L5 b X T RIS ARG DL AKX s O A R BB, [R]— 4l A [R] 2255 e 25 ) Tl 7 26 5 (H 4%
T I A SRS P 43 DR AR I i %k T AR SR 35, AR A S VR A A 3 A A, LR O W B, D e B DL R
HABE N T BRAC TR D BUEASE BAEBE AN, A 2= B T B A B AR BN E A B B, PR, ZEAR RS IX
BT RERIZ: AN TG D =R R e S B — s BT, N S Sen A ) R e A AR B4 5 o
Sl SO T IR ROR S HST AL 0 Oy T B — i S (R R IR AN e, LA — R B
Ho— RIS b A S B DA B 20 2R EAT 0 0 A B T B BRI AN 2 AR T e R PE A 4 B 0
RN YFPE B AR S S 22 5 BB 6 2 T PR 45 R ARG i 1 5 = IR R e A B SE
DA K At Y AR BRI 2R BN et B 5 Ml A 7 A | — L3 6 5 g PR 2R 748 Jld m A PH PR 3R A B R v 43 A
WK EEANSE R . AT LATI LA, Bl A B B0 ke Bk ) TR BBUR 25 (] 23 R ( GIS) 1 H £ 5835, HST AHU XS
Yy o A3 FELRE AN WO, Aok B g e — 204 vy
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