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Ffl, AT GARP, BRT. MaxEnt %5 16 F5i Rl {1
TIAL SR, &I MaxEnt 2 HAMA RS B 44, Tz
2 T 3 0T 2 AR 0 25 L6 ol 00338 2R A 17 O,
UESE MaxEnt % Ft BIOCLIM .CLIMEX .DOMAIN |
GARP 45 T I 25 S W 4 o K % ) 5 U0 o e
MaxEnt 5 GARP TEA[FIFEA i 525 8] 434 b (4 5t
RS R, 25 5 i 7k MaxEnt #0004 B2 4G T GARP,
Hernandez 25UV He 4 JL A A0 o AS 7] 465 4 R AR
AT CR, B MaxEnt TN 45 SR 018 %) K
FEAS I S /NREAS RS B RS R 1

MaxEnt (maximum entropy ) Y 2 Jt F i K
S, BRI ERAEARNELT, &~
R ATREY BLE &, 250 504 o B KR sE Al
DA R AAEAE 53 A 5 8 B G 15 B, K
SERCER ORISR R A AR S TR K, IR R
TE B bR DX 8k )5 2R RO, JEF MaxEnt B
TOUIAS ot M B ARAE AR R, [ b2 35 R %A A
X R TT R ESE, Assis & H] MaxEnt 7&
N B 3 i A= AR X 28 £ 388 (Fucus vesiculosus)I
it 5 A DL ARSI 3 A A AT TRV Neiva
421765 MaxEnt FIZEki /&R DNA(MmtDNA)SE,
W55 1 18 B 1 3% (Pelvetia canaliculata) i 1= 1) b
AR5 E; Pauly 252 VH] Fl MaxEnt #illl T 22
P& (Trichosolen) ) F 75 2 BR8] v 1) 53 4, Ty-
berghein ZEPYH FHRINA 3 (Codium fragile) 34
HdfE A MaxEnt #1805} Bio-ORACLE ¥ 7 54 4
HIBUH AT T PEAY; Verbruggen %527 53 MaxEnt
BRI T T B A il % 3 R (Halimeda) W) Fh #E 4 3K
LR Ai . B SDM 78 VR 25 i o FH A
RITRIE A, PhTECOR A MaxEnt BRI T 4%
b (Laminaria hyperborea) 7t 3% [ 1 35k 4915 A=
AN . ABFFIE T MaxEnt #EH X} Z2 [ v 7
I Vgl A 3 2 0 A A% DL AT T, TR AR
S ATV, LU R 2 e . & LRIk
Rt S %

1 #MHETE

1.1 £B5ERNHME
BT SR BG A 25 7 000 AR 7R SRy e R i AR R
MaxEnt 3.4, iz ArcGIS 10.2 X434 X,

1.1.1 #HERIE

(1) FDEIE 2o A E Bk
SR Z R B4 GBIF (http://www.gbif.
org/) R SCHR kL, 16 I B 19 4045 s, IRl
1 2 45 %2 GNDB (Geographic Names Database)
B 6 AT B . —3RTE 1200 5525 [\ 53 A
SO, K LB Y R - - S, R
FER*.CSV A%k

(2 BRETEHIE RETFEEREBEEYY
IR A PR I5% 5045 %2 Bio-ORICLE (http://bio-oracle.
org/)\PEET 2000—2014 416 7 V-1 i< 45
o g il 2, HA PR S aremin (498
9.2 km), F#MEI N*.asc M, e i I T
AR 42 BIABES (R 1)

(3) HMEIEHE  VEH 1 : 400 J7H EE PATEL
X R R ot A 51 3 Ak b B 8 3R 55 0
¥} (http://nfgis.nsdi.gov.cn) F 2% .
112 HiEsbIE

(1) AW\ EIIE 1200 MF A0
SR Excel MIBREE SR, KRS
LS ArcGIS 7, dE I #2 TH, XA fi et
SELA mO B AR AR R, IF AR A AR G,
AT AEAE R S km Y[R R X e kA7 AR A0 M, 25
HEL LA, BEHLAE R Hod— A7 8, 0
IRZAR R TN 151 4540 A0 w80 F PR R 4t

(2 RETEMHEXERBESHE K Lk
SR 151 554045 55 42 AN FREE 25 B 5 A MaxEnt
BT R, K 75%0 53 A0 s FUINZREE LI G R,
Pl 25% AL S TFIHRAE LIFAL B, L logistic
fe A a5 R, RS E o R IAE, &
it T1YU19k (Jackknife) W R EE AR & AT i, 2 BR
11 TR 5Tk %k 0 AR AR & o SR ArcGIS
W %5 3 T H (conversion tool ) T iy 31 R
B 7R i A U Ak U AR A% 3 (. 110, R 23 [ 43
Hr I H(spatial analyst tool) #1722 L1, K
A5 B 2 [ RAR S, XA SE R4 XHE>0.8 Ay AR
i R B — A AR R R g DT B A DG AR i 2 (]
Fad BEALA o &1 XFIAHSEPEI>0.8 PRI AR i, AT
FEXF LT AR 2 kO 45 SR AR R a) Bl
PLIEBC(BENLEL), bR 5 XA Y A 57 ik 2 A/ (B
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Tab.1 Marinehydrological environmental factors

SR bt a5 SR B - SR bt o
environment r/m ter environment r/m ter environment r/m tor
variable paramete variable paramete variable paramete
Bio 1 I R S 38 it 2R Bio 15 e 1Ry ' B ik BE Bio 29 RARBEIR
currents velocity. Lt. max light at bottom. max phosphate. min
Bio 2 Tre /N B4 L Bio 16 AR M i B Bio 30 SEHBERRERE LT
currents velocity. Lt. min light at bottom. mean phosphate. range
Bio 3 R R I U Bio 17 ARG M it B2 Bio 31 dre iy 1 A
currents velocity. max light at bottom. min salinity. Lt. max
Bio 4 A U 3 Bio 18 35 I ik B2 728 A R Bio 32 RARA WA
currents velocity. mean light at bottom. range salinity. Lt. min
Bio 5 I5e/INEE R Bio 19 e 7 B R Bio 33 R
currents velocity. min nitrate. Lt. max salinity. max
Bio 6 A T4 U U A AR Y R Bio 20 AR A R ER Bio 34 AR R
currents velocity. range nitrate. Lt. min salinity. mean
Bio 7 R A B Bio 21 R R R Bio 35 RARELZ
dissolved oxygen. Lt. max nitrate. max salinity. min
Bio8 kA Bio22  AEryliL Bio 36 R
dissolved oxygen. Lt. min nitrate. mean salinity. range
Bio9 R Bio23 A Bio 37 it A H L
dissolved oxygen. max nitrate. min temperature. Lt. max
Bio10 R Bio24  ARHRimAL LG Bio 38 SR A 44
dissolved oxygen. mean nitrate. range temperature. Lt. min
Bio 11 AR AR 4 Bio 25 e H B R Bio 39 IR R
dissolved oxygen. min phosphate. Lt. max temperature. max
Bio 12 SRR R S LTS Bio 26 AR H B wmR £k Bio 40 AR R
dissolved oxygen. range phosphate. Lt. min temperature. mean
Bio 13 e B IR Bio 27 F R R Bio 41 AR
light at bottom. Lt. max phosphate. max temperature. min
Bio 14 LI b Bio 28 B Bio 42 1473 A A
light at bottom. Lt. min phosphate. mean temperature. range

7 max—f KA ; mean—44{H ; min—J/ME; Lt. max—4F i KAH A9 T {H; Lt. min—4E e/ ME IS V- Y18 ; range—4F 5 KAH 5 fie/IMEL Y 46 %) 22

P21

Note: max—maximum record; mean—the long-term average; min—minimum record; Lt. max—average of the maximum records per year;
Lt. min—average of the minimum records per year; range—the average of the absolute difference between the minimum and maximum records

per year.

KoTHkE) -
1.1.3 RESHEHML

(1) EMLSHEMEL s naiEs
(R ) T 43 A 255 R B R BTk T 0 5 1) P 45 A
i A MaxEnt 57 5% & 8 4L IEN L S4B (0.5,
1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0), HAb&EN
RGBNME . IIESNREH 538 LU
Bk 8 AN [ IE Ak 2 H0z 1A AL 1~ 24 i
AUC fH, BUx# AUC {ERIEN LS5 T )5 4t
BEAIRE HE

(2) (NZE - XK ELEMRHE  &HE 4 41

A S IREELH (50 1 50,70 1 30,75 : 25,80 : 20),
TENAESEOR E A 8 4R [R] R 5438 LBk
JE e g, A ELE 1.1.3(1)ikE, Hikst
BEALM T E, HRSECN RGEOME, BHER
BT 10 K, RS AL -2t AUC ff, HEdiix
1 AUC [EHYIZREE: XA & H TR
1.2 SHEBREREEEBREN

121 FWMEREEE KL 112 800,
W AR B 75 A MaxEnt #&8 ARHE 1.1.3
AL S H B IE WAL SE B DI ZREE: it
SR, KRR AR e 2R, ISR T VDA A
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A G4 FT MaxEnt BB ArcGIS T 22 By i 74 v = 15 B A 5l 2 49 A 43 AIE 1591

PR AR B O BTRRAE, LA logistic 4% 2k HAER 43
A I
122 BBERXKS CHEAEH R *asc 1%
XHEZEF A AcrGIS, i id ¥ # T. H (conversion
too)FHAT to Raster 4>, K G40 st #% Bt 4%
e Ait) o K40 58 I AR £ 12 5 4 )
ITBUIX I AT Z . A2 R Hr TR R &
T2 IIHE (reclassify) X} & il 4 I 2 3647 B 9K (8] K7
BRI s A X, R REE A A A

MaxEnt 15 U $50 0 22 1y 35 1 3 2 B 2 % 2 1Y
WA BCHE, BMEAE 0~1 o F2 HRIE A= ME R 10 K/ VK
Z W B R IE A A KRk 5 AN maE A
X(=0.5). F13E 41X (0.3~0.5) A& AE X (0.1~0.3)
HZEE A 1X.(0.05~0.1) . B3 A4 X (<0.05)P7, %
BB [] B 6T 07 T I P A A RS 254
1.3 REREGH5EIE
1.31 ROC HZ&HI RMZilE TAER R
2 (receiver operating characteristic curve, ROC [if]
LR BT HE AT RS BE K 5 . ROC 1 42 DM FH
PR AL bR, FLHPE R AL bR, 2l i B )
2k, s AR 2 W I R AR A5 T 2 L () BH
., ROC T I A AUC (area under
curve)fH, AUC BEUE TSI 0~1, —fikh AUC
B0 0.5~0.7 BH 2 Wi BN B2 #241%, 0.7~0.9 BH2 Wt
W4, KT 0.9 B2k (et
1.3.2 LiEZIFARF  2018—2020 4F, ETALEH
T VR R A T 22 YR S M B SR 22 T e ) AR B
A TR
133 ZhhEMFEERKIR

(1) SEEHFRE ASSCE AT M 2R AR
T (5~20 cm)k H IR 58 E 1 5 (AR 5 i
PHEB A R R4 B IR 2500 e TREZE 10 °C,
JEIRFEFE 60 pmol/(m®-s), JEJEII 121 : 12D, 3%
5 (NO3-N: 1 mg/L, PO; -P: 0.1 mg/L), £hJ¥ 31,

(2) LA EK OB HPEVIPEEEEL 3 g
PSR ERE T 2 L #E R R, 7 GXZ
BREADCIRIE A i s 4 A A KK
Ko 6 C.10 C.14 'C.18 C.22 C; )t
55: 30 pmol/(m*'s). 60 pmol/(m*-s). 90 pmol/(m*-s)

120 pmol/(m?-s); FhEF: 21. 26. 31, 36; HFith
[NO;-N, PO3 -P/(mg/L)]: (0, 0). (0.5, 0.05). (1,
0.1). (2,0.2)o i B PR S50 56 1) HoAfh £ [F) 8 5%
Sk RreldiEst 10d, B0 3 d e 1 IRIEFRIE, A
10 RFR e fif i, Rcid s 3 P17

(3) HIFEALIE MY RGR=[In(W,/W,)/t]x100%
THE AR AR HUR, Horp Wy ) Ih e A i fif
T tE(g), W, R SC I 45 o B S AR A B I 1 (), ¢ Ry 52
AR 2L R al (d), SR SPSS 18.0 Fudi g it 4k 14
AT ESNT . ZEILE, P<0.05 BFREFAHS

3-8
2 ZER5491H

21 TWMEERMEE
211 WETEMHE 42 HANBERELIIY)
Bk, kPR BTHR 5 KA Biol8 (FEFL
e B A AL D, HR R Biol7 (FeflRG IR5R ),
Biol5 (B GRAGRED) . R . FEHA —E M
Me, T 96 K G U LT A R, 8 IRk T B R
EINER ST EE A I PNE ) B

X TR AR T 0 (YA BEAR i E AT AH SRR 5,
HRHE 46 WHE KT 0.8% 14 BRES A8 B 474040, 7B
WAk 6 41(3R 3): EH 2RI AS /L 22 ] &2 I 3
MYIE R C, A« AT 2658 (Biol3 ., Biol4),
I m G (Biols), )G (Biol6), {HLA fil5h,
N Bio35 HefRERE Al Bio36 FHEh ARk L Bl 2
B I A 2, Biol7 fe K638 A Biol8 4R H)k5H
AR R 22 (8] (R AR OGP I AS (2 3, Biod2 4R 130
A ) 5 Ath 3 3 725 8 (Bio37~Bio4 1) 2 [B] AH
KMEM 55 . T B (Bio37~Bio41) Fl % i % (Bio7~
Biol0)Z [H] 2 i 3 1y i AHOC, AlIHh—4

CEA AR B XA Y sk (A (R 2) MIFR B
A Z Al AR DGR (GR 3), fiitih 8 DEREEAL &4y
4 Biol 7 FAR Gk | Biol8 AE ¥ Esm A (LI il |
Bio28 AE XA £E . Bio30 AE IR £ A8 fh 1 il |
Bio32 A H 4R E | Bio36 4R Eh AR LIl
Bio38 ¢ fk H XJUREE A Biod2 4FI4 1R B A8 1k 3
(& 4)o 53 WILLAHR H8 AH DG Bl AL B — A PR B A
HAAEWFE 4,
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212 IEMNESHEHAOZXEIEFMNZE @ MK
S)LLEMIFE  ENSE B 1Y S-HTc SR
PLECR AN TR 254 5 4K U AH 2 1719 AUC
HA7E 0.99 LU |, Hid Ll p=1 BHF1 70 = 30 191145
£ MXEIZTTH9 AUC (R AE, FU RS KPR
BRI Z b, P IR TN A8 7, AR AR B o7
WERS), EE RS
22 SHBREREBENEES BTN

K FHBEHLIE BE UM OC M = AR B AR 1, 384T
BRRIAS ) 43 A DX 3k B4 A ) i 22, 1 L 0
oA ya L, BRH Bd EELA BL S, H AR
A DXIE AR =AM 1), 52088 928 0 A A
5o 45478 B B AR SR RO R G BT R B, i ok
A R, R T i LA A (A 2), diRE
. 22 s e 3R 08 AR X B A T B e
T I, o KR A R i G RIS A X, T ARV

A — s 1 T A DX (BT 2) o 78 B T 1) S A
A S A AR I I AR 11.32%, Hir, i
G A X 2.99%, (RS AE Xt 5.09%, HidAs X
hi 1.33%, s X 1.91%(3 6).

2.3 AEBREBMITMH SIS

231 MaxEnt HEFMBEERKIE R ROC
I 2 X T ) A5 T8 0000 22 35 1) 43 A X 5 SR E A T kG
FERT TS, B (R KTk I ZREE R AUC R
0.995, MIXAER AUC {E°H 0.993 (K 3). Fallifh
VLR TR L) AUC {8 0.5, FHIZME R
DU PE i FERE LA A0 Gy, B AT A4) 2 fr A5 250 300 22 i
BT IX 2 R E R

232 ZhEEREBAMFAERZEBRE 2
AR K AN L ZR 56 B A7 o R AR e 250 T
B, A K BUAE B R I I 5 K DL OR
T 1R e MR B B AR AR K 2B

K2 HETENERNFME
Tab. 2 Percent contribution of environmental variables

%

R ik HEP T 224
environmental variable percent contribution permutation importance
Bio 18 24.5 5.3
Bio 17 19.2 1.4
Bio 15 9.1 1.1
Bio 38 8.6 2.7
Biol0 6.7 0.7
Bio 36 4.5 9.1
Bio 13 3.5 0.1
Bio 28 2.8 8.5
Bio 30 2.6 0.2
Bio 40 2.4 41.5
Bio 32 22 5.7
Bio 20 2.0 6.2
Bio 9 1.9 0.0
Bio 31 1.8 0.0
Bio 11 1.7 0.0
Bio 7 1.4 0.0
Bio 16 1.3 0.2
Bio 8 1.1 0.0
Bio 25 0.5 0.0
Bio 23 0.3 1.2
Bio 1 0.3 0.3

A TTHLR HE 2
environmental variable percent contribution permutation importance
Bio 41 0.2 0.0
Bio 37 0.2 6.3
Bio 26 0.2 0.1
Bio 14 0.2 2.4
Bio 35 0.1 0.3
Bio 42 0.1 0.5
Bio 29 0.1 0.1
Bio 33 0.1 0.2
Bio 39 0.1 0.1
Bio 34 0.1 0.0
Bio 3 0.0 0.3
Bio 19 0.0 0.7
Bio 22 0.0 1.5
Bio 21 0.0 1.7
Bio 12 0.0 0.9
Bio 4 0.0 0.0
Bio 6 0.0 0.5
Bio 27 0.0 0.0
Bio 5 0.0 0.0
Bio 24 0.0 0.0
Bio 2 0.0 0.0

TE: AR ARRILE 1.

Note: The full name of the environmental variables is shown in Tab. 1.
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Tab.4 Three combinations of environmental variable
fifi 196 77 % selection method 35 AF 5 environmental variable
K BTHk % maximum contribution method Biol7 Biol8 Bio28 Bio30 Bio32 Bio36 Bio38 Bio42
Rfi#L7% 1 random method 1 Biol5 Biol6 Bio23 Bio30 Bio34 Bio36 Bio41 Bio42
Rifi#L7% 2 random method 2 Biol7 Biol8 Bio23 Bio30 Bio34 Bio36 Bio38 Bio42

e B R AL 1.
Note: The full name of the environmental variables is shown in Tab. 1.

®5 AEEMNLSEH pMIIGESNKELLERN AUCE
Tab.5 AUC valuesrun at different ratios of the regularization parameters and training setsto testing sets
}11:5, n2:10; x £SE

FREAI 2% model parameter ZH{H parameter value |25 AUC training AUC M3 AUC testing AUC

0.5 0.9942+0.00045 0.9938+0.00110
1.0 0.9942+0.00045 0.9940+0.00071
1.5 0.9942+0.00045 0.9938+0.00110
TE 428 2.0 0.9940+0.00000 0.9936+0.00152
regularization parameter 2.5 0.9940+0.00000 0.9936+0.00152
3.0 0.9934+0.00134 0.9924+0.00358
3.5 0.9940+0.00000 0.9936+0.00152
4.0 0.9940+0.00000 0.9932+0.00192
50:50 0.9959+0.00032 0.9939+0.00129
WIGRER /% - M AE /% 70 : 30 0.9950::0.00000 0.9943+0.00067
training : testing 75:25 0.9949+0.00032 0.9940+0.00149
80:20 0.9941+0.00032 0.9935+0.00097
42°N |
: NI LF
42°N - T Liaoning Province
Wj t . Liaoning Province 41° R 4
| Hebei Province WL -~
= 400 1 Hebei Province !
40° | E =
Kk
. . 390 L
38° L 38°
= 37° -
Shandong Province ITER
36°F Yellow Sea 36° | Shandong Province 5
L Yellow Sea
WX 35°F KRS
o division of adaptable areas division of adaptable areas
34\ W AEEE K W B
Eﬁ: unbefitting areas 34° ‘ZE:ji-Jt-: unbefitting areas
Jiangsu O BBEEX . . O AZEEX
= ; marginal biogenic areas Jiangsu Province ‘marginal biogenic areas
Province OREER O RiBER
y low adaptable areas 33° - low adaptable areas
2T = < “ q:iiifa% bl = " q:iliﬁdlélzda bl
2 ] middle adaptable areas i 1 middle adaptable areas
Anhui Province snagypas 190 :Anhul Province mREAK
L high adaptable areas high adaptable areas
I I I I I N I I I I :\
116° 118° 120° 122° 124°E 117° 119° 121° 123°E
Bl 1 BEALE TN 2 Rl A 43 A0 XY L ds
a. BEPLEE 1; b BELEE 2.
Fig. 1 Comparison of the geographic distribution areas of Costaria costata with random methods in Bohai and Yellow Seas

a. random method 1; b. random method 2.
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12 )
42°N - o
o
Liaoning Province
are - e d
Wit iy
40° - Hebei P

Province

39°

38°

37°

Yellow Sea
&R R4

division of adaptable areas

36° | Shandong Province

350 F B EEEX
unbeditting areas
O HBEEX
340 L marginal biogenic areas
FR OIS W EEER
culture and natural distribution oW adaptable areas
gL X
330 | A FFAHEIX the culture areas middle adaptable areas
o HASAIFX W HEEX
natural dispersal areas high adaptable areas

117° 118° 119° 120° 121° 122° 123°E
&2 Z R b BRI AR X R o S SR
5 HR AL
Fig. 2 Division of adaptable area, cultivation and natural
distribution of Costaria costata in China

*x6 SHMEEHEWBEERSAHNRATMETN
Tab. 6 Geographic distribution areas of Costaria
costata in Bohai and Yellow Seas based on the
maximum contribution method

R V5 St G ELY
geographic o
distribution arcas probability range frequency percentage

EAEX 0-0.05 6457 88.67
unbefitting areas
H2EE X 0.05-0.1 218 2.99
marginal biogenic areas
{35 A4 X 0.1-0.3 371 5.09
low adaptable areas
o A X 0.3-0.5 97 1.33
middle adaptable areas
Bl A X 0.5-1 139 1.91
high adaptable areas
£ total 7282

PRFES RS MaxEnt BRI ()38 A= 43 A7 1 380 AH
FR(E 2), UEBH T %08 0 25 5 i m] S

233 METEMEMYLSEIWIIE KA
BRI A AR A, 4% PR BE AR I 1Y DTRR AR IR R B

ROtR 43.7%, wARH HIREE 25.5%  AE DL R
JEAREIE R 10.6% . AEXBERREL 2L TE F] 8.3% .
SEREL AL IE ] 7.7% . AEIWERRER 2.1%. &
I R 1.2% AR R AR E F 0.9% (% 7).
A 75 B — A5 7 o o L Ay e O K, 22 )
T AR A R 1 45 S B 0 R O R AR A
JEFE R 52 pumol/(m’*-s), FAKMHIME K 4 pmol/
(m*-s), BERRELAALIEIE N 1.7 me/L, 4EHHERREE
0.3 mg/L AEAME, REZIER 27 C, &IEH
PHREAMET 7 °C, SEAEAERE 12, KA
BIHEART 21,

1.0
09
0.8
2071
£ 06f
§ 0.5
04 Iﬁ[]%%
ﬁ 03 training data (AUC=0.995)
N ok = WS
. test data (AUC=0.993)
0.1r wFEHLEE
ol random prediction (AUC=0.500)

1 1
0 01 02 03 04 05 06 07 08 09 1.0
R specificity

'3 MaxEnt ) ROC HiZk
Fig.3 ROC curve of MaxEnt model

x7 METERWMOSNR
Tab. 7 Analysisof contributions of environmental variables
%

ISR DUHRA HEF
environmental percent permutation
variable contribution importance
Bio 17 43.7 3.9
Bio 38 25.5 90.7
Bio 18 10.6 0
Bio 30 8.3 0.3
Bio 36 7.7 1.8
Bio 28 2.1 1.5
Bio 32 1.2 1.3
Bio 42 0.9 0.5

A R AR ILER 1

Note: The full name of the environmental variables is shown in Tab. 1.
AT RS R, TG d 2 IhEE

JEE 22 CHFAY RGR 2 MG, W8T H AR

JE2(P<0.05); 18 "CEZE4 ) RGR iz K, 510 C
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30~120 pumol/(m*-s)H& T4 #l Ttk K, fiE
JEHE A 60 pmol/(m®-s). TEERIE N 36 B LB
RGR f Kk, (H 53 26 131 4RI ¥A W& M2
S ANAEEREE R 21 BRI R A K R
(P<0.05), TEASINASRRER 1 me/L, BERRER 0.1 mg/L
MR &K RGR, H &5 T X M4
(P<0.05), H 5 &SR EE 0.5 mg/L, BEfRE:
0.05 mg/L)FI(fEFRER 2 mg/L, BifREL 0.2 mg/L)4H
]34 22 5
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JE DA FIRE R SR AT R A, BRIV T — > T i
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AT AR I 22 W e o3 A 15 B A K Rgid R Al
s . YRR A S G, S8 E R
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Ry, R BRI IR 22, Bl oA sk
B 25 0] AR SR AR g 3 1 43 A s ST
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)3t LA .
32 NETEXZEFMER RN
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M. RIEFE L E o B R A Tk 2
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SRR B A Z M B /N 37 1) 3k A S A R
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2 BRI SRR AUC (HEEE 1, RIFE T
TR 255 SR P B P R AT S

I AR AR AR B 7 C
SRR AR AL B 27 CIF, 22 IE A A A A
RINFN KA BN AR SR & B, (S d
PNZIEAEIRE 18 CAEK b, (HBEE mHE Y
R, AR A TR (10 CAA). &
A SRR, Z2RDSEI0 TR AE 20 C R AR K,
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2 9 AR R R R AR K R BT T
W, 22 Bl AR AN [R) A 3 S0 B B DA B[R] — AR A AN [
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XA G AT B U R IE R RE T, SRR AT RO IR
3 IO P AIF 5 205 AR RO, 3 S v T R AR A 3 0 A
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TR BE R 186 T 6 B e 55, T 22 ol R AR KR
0.5~20 m PRI 400 ) R F 0 45 SR i R 4R 1Y
S R B AR AL S FEIZE 52 pmol/(m?-s) i 22 ) 3 i
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A A MR R . LN LR A R R, 7E 30~
120 pmol/(m*s)¥J Al 4= K, 60 umol/(m*-s) RGR #x
55, 5 Park ZFF AR5, DL R4S 0K
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Potential geographic distribution of Costaria costata in China based on
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Abstract: Based on the economic and ecological value of macroalgae, the recruitment of new cultivated species
with potential is necessary for the healthy development of the seaweed cultivation industry. Costaria costata is a
brown alga with high nutritional and economic value. This natural seaweed resource is not found in China. In this
study, the MaxEnt model and ArcGIS were used to predict the suitability and potential invasion risk of C. costata
in China and explore the influence of different factors on the growth of sporophyte, to support the cultivation of C.
costata. The prediction model of C. costata distribution was constructed based on correlation analysis between
environmental factors, a selection of the global natural distribution points of C. costata, screening of the regulation
parameter, and the ratio of the training set to test set on the prediction performance of the model. Results showed
that the model performed the best when the regularization parameter was 1 and the ratio of training set to testing
set was 70 : 30. The prediction model for C. costata distribution was constructed by eight environmental factors
based on the correlation of environmental factors and model contribution rate. Among them, the temperature and
light intensity had the most significant influence on the natural distribution. When the light intensity was not less
than 4 pmol/(m*'s), the annual variation was 52 pmol/(m?-s), the monthly mean temperature was not less than 7 C,
and the annual variation was 27 °C, indicating the high suitable distribution probability of C. costata. The model
showed that the suitable areas of C. costata in China were primarily distributed in the Yellow Sea and Bohai Sea,
accounting for 11.32% of the total sea area; among which the marginal biogenic areas of C. costata in Yellow and
Bohai Sea are primarily distributed in the coastal areas of Liaodong Bay, the northern coastal arcas of Bohai Bay,
and the coastal areas from Qingdao to Lianyungang, accounting for 2.99% of the total sea area. The low adaptable
areas are primarily distributed in the coastal area of Liaodong Bay, the coastal area of Dalian, and the coastal area
of Shandong Peninsula, accounting for 5.09% of the total sea area. The middle adaptable areas are primarily dis-
tributed in the southwest coastal area of Liaodong Bay, accounting for 1.33% of the total sea area. The high suit-
ability areas are primarily distributed in the northern and southern coastal area of Liaodong Bay, accounting for
1.91% of the total sea area. The single-factor growth experiment results showed that, when the temperature was
10 °C, the light intensity was 60 pmol/(m*'s), the salinity was 36, the nitrate was 1 mg/L, and the phosphate was
0.1 mg/L, indicating the highly relative growth rate of C. costata sporophyte. Combined with the field investiga-
tion, C. costata was found on the floating shelf in Changdao Island in Yantai and Longwangtong Bay in Dalian,
consistent with the predicted results. This study showed that the coastal areas of Liaodong Bay, Dalian, and
Shandong Peninsula are suitable areas for the introduction and cultivation of C. costata. However, attention should
be paid to the risk of high invasion in the northern and southern coastal areas of Liaodong Bay. If artificial culti-
vation is performed, ecological safety assessment should be strengthened.
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