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With every increment of global warming, regional changes in mean
climate and extremes become more widespread and pronounced
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Warming Oceans Are Reshaping Fisheries

Marine species are gradually moving away from the equator into cooler waters, and, as a result, species from warmer waters are replacing those
traditionally caught in many fisheries worldwide. Scientific studies show that this change is related to increasing ocean temperatures.

Subtropic and temperate ocean Tropics

In the tropics, the catch compoesition changed from 1970 to 1980 and
then stabilized, likely because there are no species with high enough
temperature preferences to replace those that declined.

From 1970 to 2006, as open temperatures were rising, catch
composition in the subtropic and temperate areas slowly changed
~to indude more warm-water species and fewer cool-water species.
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>d» Temperatefcool-water fish ~ »4{» >ese Subtropical fish ~ »@ Tropical/warm-water fish

These shifts could have negative effects including foss of traditional fisheries, decreases in profits and jobs, conflicts over new fisheries that emerge
because of distribution shifts, food security concerns, and a large decrease in catch in the tropics.

This graphic presents concepts from: Cheung, WW.L., R. Watsen and D. Pauly. 2013. Signature of ccean warming in global fisheries catch. Nature. DOL10.1038 /nature12156.

The thermometers are representative of trends in ocean temperature over time and the fish are representative of trends in catch composition over time. They do not represent specific values.
Please consult the results section of Cheung et al. (2013) for exact data polnts

Graphic by The Pew Charitable Trusts’ ocean science division, www.p t.orgf |
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EEMAIRE(GAMS) &

S(E)) =Po+ fixy*+ faxpy + -+ fp(Xp) +e

. Y RFEEE (Response variable) , ZSEbIiE (Charébdis feriata) BRI ERFE

1. s il._L MOdel Develo ment : | R gh mecv (Portunus sanguinolentus) B CPUE (BRI HHEE) .
HEET ( P ) FIF R ERES mgev EfF e g()ENSEE (Link function) , FIRERTT R FEEABIERALIBE S RORIR.

q:IE’\J gam() @%&, ﬂ%;@%ﬁﬂﬁi;ﬁ;i%iﬁﬁ‘,: ﬁ?ﬁ@aiﬁd ® ﬁ(} éﬁlrEE_ (Intercept) , ﬁ%{ﬁﬂﬂ@gﬁﬁo

2 ER Z8 (GAM) , DIFTHRELEREEERIER - o TREY (Smooth function) , % | EFLESRATRRESBEIE
%zg;zﬂﬂﬁﬂii ( ) ﬁJ 7IQFI'/ %é/ﬁ /ﬂi/i R E. ”ﬁ'&)ﬁﬁ{;’é ?sz%ss?o‘(’;tﬁaeuyi%‘i“\ B JE’;EE%EEJE) %ﬂﬁ’gﬁiﬁtﬁ¥o .
o i : = o= s &~N(0,62): FEMERZIR (Random error) , RERIRUEFIIES 0. BEYMS o NE
2. BEBE (HazardMap) : FBILEREBERE S EINE ¥ A7

RERTFEHE, HHBRARELKECEE (Gw) 15iRHE
EAEHE (Baseline) T, &itgEEERGEGA LIRS
MNZEE, LEHERIEEEERNESER, EEEEE She e o e
3. HEREE (ImpactMap) : 1§EHMHEIKRFRE GWL BIER Gt B L R R T B SR ¢
iﬁiif;%iﬁ’éilﬁlﬁ;)\ GAM, ?E{E%,%El*%%ﬁﬂ’\] CPUE (Eﬁ[% Approximaz;fslg??"g;cance':of e term;iva]ue
HEE) , W GWL 1.5°C, GWL 2.0°C B E#EHIZ e
CPUE =&, LM RIzEEHAXERINEEFEE, SClon) 2.63 4 24.93 < 0.0000000000000002 ~4s

s(lat) 2.91 4 24.69 < 0.0000000000000002 *¥**
s(Yy) 3.76 4 82.35 < 0.0000000000000002 ¥
s(MM)  3.32 4 38.25 < 0.0000000000000002 ***
signif. codes: 0 **¥** 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ° *' 1
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Parametric coefficients:

Estimate Std. Error t value Pri=ltl)
(Intercept) 4.52429 0.01247 362.9 <0.0000000000000002 *¥**
Signif.. codes; 0 S®%xl QIQE1. “w=¥Q 00 *®r Qips LT WLl T A
Approximate significance of smooth terms:
edf Ref.df F p-value
5(depth) 0.4879 4 0.276 0.119
s(SBT) 3.7288 4 22.095 < 0.0000000000000002 *¥**
s5(55T) T LD 4 22.474 < 0.0000000000000002 *¥**
5(SBS) 3.4789 4 8.364 0.000000911 H*¥*¥*
5(55S) 2.3800 4 8.936 < 0.0000000000000002 H¥**
s(MLT) 2.1724 4 4,743 0.000038215 **x*
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s(lon) 3.1087 4 19.431 < 0.0000000000000002 H**¥*
s(lat) 2.9120 4 18.929 < 0.0000000000000002 H¥**
s(YY) 3.7626 4 85.674 < 0.0000000000000002 *¥**
s (MM) 3.2662 4 33.739 < 0.0000000000000002 *¥**
Stonaf., codess 0 "F*xX Qo] “exXQ e1 % Qi ¥ Y QLT c T d
R-sqg.(adj) = 0.573 Deviance explained = 56.8%
-REML = 18461 Scale est. = 0.52263 n = 3362
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Parametric coefficients:
Estimate Std. Error t value

(Intercept) 4.25111 0.01721 247 <0.0000000000000002 ***
Signif. codes: 0 0.00F *#F=2 Q.00 = 0 05 £ 200 g
Approximate significance of smooth terms:

edf Ref.df F p-value
s (depth) 0.7523956 4 0.483 0.0686 .
s(SBT) 0.9341285 4 5.781 0.000000421 H*=*
s(55T) 2.5424207 4 14.891 < 0.0000000000000002 ***
s(SBS)  1.9368864 4 5.535 0.000002319 #**=*
s(555) 0.0007385 4 0.000 0.5432
s(MLT) 0.0007097 4 0.000 0.9697
s (SSH) 0.1175230 4 0.055 0.1658
s(lon) 2.7837572 4  34_367 < 0.0000000000000002 **=*
s(lat) 3.9081117 4 42.055 < 0.0000000000000002 ***
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s (MM) 3.9021524 4 172.167 < 0.0000000000000002 **=*
Signif. codes: 0 0T Uk s 1 I el Y T ) o I |
R-sqg.(adj) = 0.41 Deviance explained = 43.1%
-REML = 17382 Scale est. = 0.99624 n = 3362
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EH N BEE (GAMS) O

S(EM) =Po+ fixp)* faxpy+ ~+ fp(Xp) +&

Y [ RFEEE (Response variable) , #FAPI#E (Charybdis feriata) SREIERTE&

. e ETI_ - F gh (Portunus sanguinolentus) B CPUE (BB IAES) .
1. &=EIL (Model Development) : FJF R ¥RES mgev BF o) BB (Link function) , FIIAEET B SLAREEENRN 2 RIDORD/R,

FEY gam() BB, MRRERIEFREERETEE, . .88 (e , AEEmmme,

2V EE 28 (GAM) , DoimRESREEFIRIER . . BB (Smooth function) , MR j (EE LIRS R T R R ES SN
BURZMMRE ( ) AHTRREIREEFERER TR X, 5 ST OBHACE) . 556 CRAHE) SHEBERT,

T EfR, e oN(0,02): FEMESETE (Random error) , [RIBHETIIES 0. BREA o 1%
2. BEEE (Hazard Map) : FIFHLEEEERERENIET B2,
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>t é% % F&' - Fig. 2. Hazard maps of winter mullet catches and summer Pacific bluefin tuna catches under GWL 1.5°C and 2.0°C scenarios
Z ] compared to the baseline pericd. Red indicates a decreased probability of optimal water temperature due to rising sea
surface temperatures, while blue indicates an increased probability of optimal water temperature.
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Conclusion &>

> 7E SSP2-4.5 £ SSP5-8.5 {618 T, KK/ KRE. BEREANISELRFEEL,

> SSP5-8.5 BT, DLFHEFRERANE, MEE— P EBEENRERGES
.,

> BRER, E2KIREEEZE GWL1.5°CH 2.0°Cls, EEItESEESTKEAS, W
RS KL E T (Portunus sanguinolentus) HsBY¥IY® (Charybdis feriata) B¥E
TR,

> ZFBRAINTREEFINEIILS, EHAESEN . HBeT, I ZBTFESINEERAH

> BigmsS, £ GWL1.5°CH 2.0°CRET, RIRAMNMBISEESIREIEN, mES
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