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Fig. 1 Distribution records of each species in the study area

1.2 INETERIRE

MHIT(1985—2014 4F) Fl K K (2070—2099 4F)
IR AL 5 T R PR EEEAE 4 M Climate Data Store
B4 2 (https://cds. climate. copernicus. eu/) . Physi-
cal Science Laboratory %X 3 £ Chttps://psl. noaa.
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fc. nasa. gov/) IREL, 25 AR AR f ok PR L2 2,38 10 3
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SSP5-8. 5 1f 5t A i saE % ¢, 21 L R A RS imia
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XF T IR Y AL 3 B e AT ERAE G — 0 B
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B AR E R BN AR HE/INT 0. 7 BYBREE AR 2 R
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ERRE KR KK AE T LA b 9 TRT R BE L 200 m /K IR ER
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i fl R (4. 3. 1 Biomod2 A H Ay 11 FpEE
Fa ety o3 AT AR, 3 591l 2 73 S8 23 B (Classification
tree analysis, CTA) ZM:HI5] 4347 (Flexible discrimi-
nant analysis, FDA) \J7 UMPERLRY (Generalized addi-
tive model, GAM) ]~ X 42 F- 5 B (Generalized boos-
ting model, GBM) J" LZE P Y (Generalized linear
model, GLM) ., A T.##1 2 /W %% ( Artificial neural net-
work, ANN) ., £ JTi& I [F] 15 #£ 4% (Multiple adaptive
regression splines, MARS) . iz K #%  ( Maximum
entropy, Maxent) ., & [f] 43 £ [X 43 % 55 A ( Surface
range envelope, SRE) /LA (Random forest,
RE) F FRAR BEH AU 25458 (eXtreme gradient boos-
ting training » XGBOOST) . H i f5e SR #5504 g o 7t
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Table 2 Sources and introduction of environmental variables
PRBE AR et A P 3/
Environment variables Introduction Units Sources
SST WFPEFRARE Sea surface temperature C
SSS WEER IR Sea surface salinity
Climate Data Store

SSH j(i’@ 7K U TH DA J: By ¥ T = E Sea surface . Bl
height above geoid

Depth JKIE Sea floor depth below geoid m
2% 25 ¢ F Mass concentration of total phy-

SSC toplankton expressed as chlorophyll in sea 1X10 " kg *m*
water
B2 A 77 J1 Primary organic carbon pro-

GPP yors P 1X10 " mol e m ? ¢ s !

duction by all types of phytoplankton

WK AU 43 G Sea-ice area percentage(at-

Physical Science Laboratory

Sea-Ice Area Percentage %
& mospheric grid) ’ Bl A
200 m /KRR JE Sea water temperature at
Tem_200 m i P T
200 m
Sal 200 m 200 m JKIREELE Sea water salinity at 200 m
L S e .
B T 5 0 BE S Distance to the nearest N
Distance * * km Ocean Color B

coast

B, T DA B T 12 PR — AR, R T — Ak
FERE Y 43 A AL R[] B 5 2 b - A 50 e 2k
Bl L, A9 R FHBENLA: BB 77 A b o3 51
LT 3 L EhBRIE (Pseudo-absence) (4 » £ 2H 0= 53531
ALES 5 000 A4~ JEHES 300 A~ R PGS 3 000 A~ K P
PEBE 5 000 4> A5 500 ASFIRE-FESE 2 000 A,
T PRUEAS Y 1) TR o K 40 o o A A o SR PSR A3
AT 28 SCRHIE , BE USSR 1Y 80 V0 A4y ALY, el 4% 1Y
20 Yo I X TR AR AR HEA T 10 38 LB IE >k
PRUFAL T S o Re e P o X AR R 0 4 1 A 15
B IS A (True skill statistics, TSS) #3282 5
VEHRIE (Receiver operating characteristic, ROO) BRIZ
T (Area under the curve, AUC) 1A, TSS {EEFE R
(0~1), AUC fHYE FIA (0~1), TSS I AUC {H K156
PRI 18 00 2550 SR L AR IR S BE B TSS™>0. 7 L K&
AUC=0. 8 il B — AR, (i I ACF- 2 69 07 95 e hg e
SERAEAY, F T 0 24 w5 A 21 2 R RN EE 5T
6 ST R BT AE 3 AT .

2 4k
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B —RRURNEE B R AP 2 PRy ML 3, L — AR

R R AIE TSSC0. 47) H BLAEILAL AR (1) ANN BEAY, e Ik
AUCCO. 73)tn HH IAE I AT 1) ANN LAY, A L, 245
TR SXoF R A 35 G L P T A5 R 4 25 . XGBOOST
AR 2 PO A% SR e A 1) B — AR FE U 6 A B 5T £
%38 B L M I TSS (1. 00) Fl AUC (1. 00) 433
Jter . S HAb R —BIAUAH e, ANN A SRE #5711y
PEAMHATAG . MHE TSS>>0. 7 DL & AUC=>0. 8 (5
YRR IT S 0 T 08 5 B — A B R g i A S Y, 4
AT TSS F1 AUC $F43¥7E 0. 8 LA I, 601 6 ~HF
A0 4 AR 7R 57 EL A B A ) T AR S R LR R
Xof o T A7 3 G S ) T
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RIS AR T 6 A Ff o3 A7 A5 L () Tk an 1] 2
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FREIFFER IR L . STHREN 0. 50, HR R PR R i
FEFIARGRE . X T AU AR 55 1707 75 5% W) 43 A o 728 1) 3R
B TR K BOBRR g 0. 41, FEvR 2 T v 2% 1 I
200 m KIREREE . X VG PR RN PG VRl 7 75 5 S
L3 o B L 1 P05 DR 0 00 Y R T L, L
TR o XoF T A5 1 RS- 8l 11T 55 5 T L 43 A e 2L
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Table 3 AUC and TSS values of single models and an integrated model

et Jets s PNiNE S pNiReE Bt g i
Y Boreogadus Arctogadus Gadus Clupea Gadus Clupea
Models saida glacialis morhua harengus chalcogrammus pallasii
AUC TSS AUC TSS AUC TSS AUC TSS AUC TSS AUC TSS
N2 M4
0.83 0. 66 0.73 0.47 0. 89 0.72 0.89 0.73 0.97 0.91 0.98 0.92
ANN
YR oA
0.97 0. 90 0.95 0.87 .97 0.90 0.97 0.89 0.99 0.96 0.99 0.97
CTA
TR B
0.94 0.76 0.95 0.79 95 0.78 0.97 0.84 0.98 0. 94 0.98 0.91
FDA
SO
)AL 0. 96 0. 83 0.99 0.95 . 98 0. 87 0.99 0.96 1. 00 0. 97 0.99 0.96
GAM
ISR TSR
0.97 0. 84 1.00 0.95 . 98 0. 87 0.99 0.95 1. 00 0.97 1.00 0.97
GBM
TR
GLM 0.93 0.76 0.95 0.80 .94 0.79 0.94 0.78 0.99 0. 94 0.98 0.92
Z e I AR 5%
0.95 0. 81 0.97 0.86 .97 0. 82 0.98 0.88 0.99 0.95 0.99 0.94
MARS

R R

Maxent-a

S YN SR

Maxent-b
FATLAR AR
RF 1. 00 0.98 1.00 0.99
P A7 X A Y
SRE 0. 84 0. 69 0.89 0.78

e PR I3 2 I A
XGBOOST

1. 00 1. 00 1.00 1.00

e LAY

Ensemble model

. 94 0.79 0.95 0.77 0. 96 0. 89 0.95 0.88

.97 0. 85 0.97 0.85 0.99 0. 95 0.99 0.94

.00 0.99 1.00 0.99 1. 00 0.99 1.00 0.99

. 82 0. 64 0.82 0.64 0. 90 0. 80 0.90 0.81

.00 1. 00 1.00 1.00 1. 00 1. 00 1.00 1.00

. 99 0. 89 0.99 0.93 1. 00 0. 96 1.00 0.97
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ST AU B HON R 3 AR P B A T B
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Fig. 2 Contribution of environmental variables to the construction of six fish species distribution models
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Fig. 3 Suitable habitats of six fish species in current climate scenarios
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Fig. 4 Suitable habitats of six fish species under two environmental scenarios SSP2-4. 5 and SSP5-8. 5 in 2070—2099
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Fig. 5 Changes in suitable habitats for six fish species under two environmental scenarios of SSP2-4. 5 and SSP5-8. 5 in 2070—2099
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Table 4 Changes in the range of suitable habitats for
six fish species under the two environmental scenarios of

SSP2-4. 5 and SSP5-8. 5 in the future (2070—2099)

SRNERIDSS R R e e

£o.Fh Changes in the extent of
Species suitable habitats/ %
SSP2-4. 5 SSP5-8. 5
Abf% Boreogadus saida 183.7 86.9
AU T Arctogadus glacialis 20. 1 —71.5
KPGHEES Gadus morhua 222. 6 451. 6
KPGEESE Clupea harengus 105. 7 362. 1
Bt Gadus chalcogrammus —45.9 —95.7
K Clupea pallasii —43.8 —89.7
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Spatial and Temporal Changes in Suitable Habitats of Clupeidae and Gadidae
in Arctic and Sub-Arctic Waters Under Climate Change

Cheng Mengjiao, Ma Shuyang, LLuo Yanping. Tian Yongjun
(Fisheries College, Ocean University of China, Qingdao 266003, China)

Abstract: In order to understand the spatial and temporal changes in suitable habitats of Clupeidae and
Gadidae in Arctic and sub-Arctic waters under climate change, and compare the difference between the
suitable habitats changes of Clupeidae and Gadidae in different waters, we constructed the species
distribution models of 6 typical fish species inhabiting Arctic and sub-Arctic waters in this study, which
included polar cod (Boreogadus saida ), Arctic cod (Arctogadus glacialis), Atlantic cod (Gadus
morhua ), Atlantic herring (Clupea harengus), Alaska pollock (Gadus chalcogrammus) and Pacific
herring (Clupea pallasii), to project their suitable habitats in current and under two different climate
change scenarios in future (2010—2099). The research showed that (1) true skill statistics (TSS) and
the area under the curve (AUC) of receiver operating characteristic (ROC) values were all higher than
0. 80, which indicated a good prediction performance; and (2) the main environmental variables
affecting the distribution of all studied fish species were different, and sea surface temperature was an
important environmental variable affecting the distribution of almost all studied fish species. In the
future, the suitable habitats of the studied fish species may move to higher latitudes, and the range of
suitable habitats for Atlantic cod may vary the most. The suitable habitats of polar cod and Arctic cod in
Arctic sea area will shrink in the SSP5-8. 5 scenario compared with the SSP2-4. 5 scenario. In the future,
the Atlantic cod and Atlantic herring mainly distributed in Arctic Atlantic side will further enter the
Barents Sea while Alaska pollock and Pacific herring mainly distributed in Arctic Pacific side will not
cross Bering Strait to Chukchi Sea in a large scale. In this study, we predicted the potential habitats of
Clupeidae and Gadidae in the east and west sides of Arctic and sub-Arctic waters (Atlantic and Pacific)
under climate change, which is important for understanding the response of Clupeidae and Gadidae to
climate change in Arctic and sub-Arctic waters.

Key words: Arctic; species distribution model; climate change; suitable habitat; Clupeidae; Gadidae
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