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(XECUTIVE�6UMMARY
7HE�AIM�OF�),6����WAS�TO�DETERMINE�WHETHER THE SPATIAL�DISTRIBUTION�AND�INDIVIDUAL�GROWTH�RATES�OF

MARINE�FISH�SHOW�A�COHERENT�SET�OF�RESPONSES GLOBALLY THAT�ARE�CONSISTENT�WITH�PHYSIOLOGICAL�ECOLOGICAL

AND�LOGICAL�EXPECTATIONS��,F�SO�THEN�THIS KNOWLEDGE COULD�PROVIDE�A FIRM FOUNDATION FOR FORECASTING THE

IMPACTS�OF FUTURE CLIMATE WARMING IN�6COTTISH�WATERS AND ELSEWHERE� (XPERTS�FROM�THE�8.�$USTRALIA

86�&ANADA�1ORWAY�,CELAND�'ENMARK�AND�*ERMANY ATTENDED A���DAY�WORKSHOP WITH EIGHT�SCIENTISTS

FROM�86�&ANADA�$USTRALIA�AND�&HILE PARTICIPATING IN�WORKSHOP�DISCUSSIONS REMOTELY� 5ECOGNISING�THE

IMPORTANCE�OF�COMMUNICATING�CURRENT�SCIENTIFIC�KNOWLEDGE�IN�AN�ACCESSIBLE�WAY�A PUBLIC�EVENT�WAS

HELD� TO� SHARE� GLOBAL� AND� LOCAL� PERSPECTIVES� ON� THE IMPACTS OF� CLIMATE� CHANGE ON DISTRIBUTION

PRODUCTIVITY AND�MANAGEMENT�OF�COMMERCIAL�FISH�STOCKS� 7HE�DISCUSSIONS�RESULTED�IN�A�RANGE�OF�GENERAL

INSIGHTS ABOUT�CLIMATE�IMPACTS�ON�FISH�DISTRIBUTION�AND�GROWTH�INCLUDING�HOW�THE�FISHING�INDUSTRY�WILL

NEED�TO�ADAPT�THAT ARE SUMMARISED BELOW�

�47*)4�->1,-6+-�7.�,1;<:1*=<176)4�;01.<; 7HERE�IS�AMPLE�EVIDENCE�OF�CHANGES�IN�THE�DISTRIBUTION

OF�MARINE�SPECIES�OCCURRING�WORLDWIDE THAT GENERALLY�BUT�NOT�ALWAYS RESULT IN SHIFT POLEWARD

AND�OR� TOWARDS� DEEPER� WATERS� 7HESE� DISTRIBUTIONAL� CHANGES ARE OFTEN ASSOCIATED� WITH

WARMING�ALTHOUGH�THE�OCCURRENCE�OF�DENSITY�DEPENDENT�HABITAT�SELECTION�AND�THE�IMPACT�OF

FISHING�PRESSURE�WERE�ALSO�NOTED�TO�AFFECT�DISTRIBUTION� ,MPROVING�DATA�COLLECTION�AND�REPORTING

OF� FISH�DISTRIBUTION�WOULD�CONTRIBUTE�TOWARDS�OUR�UNDERSTANDING�OF�DISTRIBUTION�CHANGES�OF

COMMERCIAL�MARINE�SPECIES�

�47*)4�->1,-6+-�76�+0)6/-;� 16� 16,1>1,=)4�/:7?<0 7HERE� IS� LIMITED BUT�GROWING SUPPORT� FOR

TEMPERATURE�IMPACTS�ON�GROWTH�RATES�OF�INDIVIDUAL THAT�ARE CONSISTENT�WITH�THE�PHYSIOLOGICAL

EXPECTATION�THAT�WARMER�WATERS�RESULT� IN SMALLER�ADULT�BODY�SIZES� &ONSEQUENTLY�THERE�HAS

LIKELY�BEEN�UNRECOGNISED�CLIMATE�DRIVEN�DECLINES�IN�YIELD OF COMMERCIAL�FISH�STOCKS IN�REGIONAL

SEAS�THAT�HAVE ALREADY EXPERIENCED�STRONG�WARMING�TRENDS�

�1..-:-6<1)4� >=46-:)*141<A� 7.� .1;0� ;<7+3;� <7� +415)<-� +0)6/- 4UANTITATIVE� VULNERABILITY

ASSESSMENTS�ARE BEING USED TO�DESCRIBE RISKS�AND�IDENTIFYING�PRIORITY�STOCKS�FOR�CONSERVATION

OR�ADAPTATION�MEASURES� *LOBAL�SCALE�ASSESSMENTS�OF� THE�VULNERABILITY�OF�MARINE� RESOURCES

SUGGESTS THAT�THE�VULNERABILITY�OF�8.�FISHERIES�RESOURCES�IS�SMALL�COMPARED�TO�OTHER�REGIONS�

2N�MORE�REGIONAL�SCALES�VULNERABILITY�ANALYSES ARE�USEFUL FOR�IDENTIFYING�COMMERCIAL�STOCKS

THAT�SHOULD�BE�PRIORITISED FOR�ADAPTATION�PLANNING�

'=46-:)*141<A�7.�.1;016/�16,=;<:A�<7�;<7:516-;; 7HERE�IS�EVIDENCE�SUGGESTING�THAT�FREQUENCY

AND�INTENSITY�OF�STORMS�WILL�INCREASE�IN�THE�1ORTHEASTERN�$TLANTIC��7HE�VULNERABILITY�OF�FISHERIES

TO�CHANGES�IN�STORMINESS�IS�UNCLEAR�AT�PRESENT��9ULNERABILITY�ASSESSMENTS FOR�SPECIFIC�FISHING

INDUSTRIES SHOULD�BE EXAMINED BY�INCORPORATING�APPROPRIATE�MEASURES�OF�EXPOSURE�SENSITIVITY

AND�ADAPTIVE�CAPACITY�TO�STORMS�

#741+A�),)8<)<176 $�RESEARCH�BASE� IS�DEVELOPING TO PREPARE OCEAN�GOVERNANCE� SPECIFICALLY

POLICY�FOR�THE�REALITY�OF�CLIMATE�DRIVEN�SHIFTS�IN�DISTRIBUTION�OF�FISH RESOURCES��,T�WOULD�BE�USEFUL

TO EXPLORE THE� RANGE� OF� POLICY� LEVERS� THAT� ARE� AVAILABLE� TO� DEAL� WITH� THIS� PROBLEM� AND

SUMMARISE�GLOBAL�EXPERIENCE�

�+76751+�)6,�;<:=+<=:)4�,:1>-:;�7.�),)8<)<176 &LIMATE�EFFECTS�ON FISHERIES�CAN�BE�COMPLEX

BECAUSE�THEY�ARISE FROM DIFFERENT�PHYSICAL�BIOLOGICAL�AND�ECONOMIC DRIVERS AND DIFFERENT�FLEETS

REACT�DIFFERENTLY TO�THESE�DRIVERS��6CENARIO�MODELLING�USING AVAILABLE ECONOMIC�DATA�COULD�BE
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USED�TO�IDENTIFY�DIFFERENT�ADAPTATION�PATHWAYS�SPECIFIC�FOR�DIFFERENT�FLEETS�CONDITIONED�ON�THE

MOST�LIKELY�BIOLOGICAL�IMPACTS�

�7<<75�=8�>-:;=;�<78�,7?6�)88:7)+0-;�<7�),)8<)<176 $PPROACHES�TO NATIONAL�ADAPTATION

PLANNING�WERE�REVIEWED FOR�$USTRALIA�8.�AND�86��7HESE EXAMPLES DIFFERED IN�THE�DEGREE�TO

WHICH THERE�WAS A�CENTRALISED NATIONAL APPROACH AND�HOW� FEASIBILITY OF VARIOUS ADAPTATION

OPTIONS�WERE EVALUATED�

%)41-6+-�7.�+415)<-�+0)6/-�<7�<0-�.1;016/�16,=;<:A ,N�GENERAL�FISHERS�PERCEIVE�CLIMATE�CHANGE

TO�OPERATE�ON�TIME�SCALES�THAT�ARE�TOO�LONG�TO�BE�OF�RELEVANCE�TO�DAY�TO�DAY�OPERATIONS� $N

EXAMPLE FROM�$USTRALIA ILLUSTRATED� HOW� QUICKLY� THE� ATTITUDE�OF� FISHERS� COULD� CHANGE�WHEN

PRESENTED�WITH� FIRST�HAND�EXPERIENCE�OF� EXTREME�WEATHER�EVENTS� AND� SCIENTIFIC� KNOWLEDGE

THAT�IS�COMMUNICATED�EFFECTIVELY�

�667>)<176�16�,->-47816/�)6�->1,-6+-�*);-�.7:�<:)+316/�+415)<-�+0)6/- 7HE�FISHING�INDUSTRY

GENERATES�A�WEALTH�OF�STANDARDISED�INFORMATION�THAT�HAS�YET�TO�BE�FULLY�CAPTURED�BY�SCIENTISTS�

)OR�EXAMPLE INDUSTRY�GENERATED ROE DATA HAS YIELDED�VALUABLE�EVIDENCE�OF�SHIFTS�IN�SPAWNING

TIMES OF 1ORTH�6EA COD� ,T�WOULD�BE�USEFUL�TO�CONSIDER�FUTURE�DATA�NEEDS�SO�THAT�APPROPRIATE

DATABASES�CAN�BE�DEVELOPED�

:ORKSHOP� DISCUSSIONS IDENTIFIED� KEY KNOWLEDGE GAPS SPECIFIC TO� 6COTTISH� FISHERIES� THAT� COULD� BE

TARGETED� IN� FUTURE� ),6�COMMISSIONED� RESEARCH�� 7HE� TOP� THREE� RECOMMENDATIONS� FOR� BIOLOGICAL

KNOWLEDGE� GAPS�WERE� CONSIDERED� TO� BE� �
 GREATER�UNDERSTANDING� OF� THE� LIKELY� IMPACTS�OF� CLIMATE

CHANGE�ON�FUTURE�FISH�YIELDS�IN�THE�1ORTH�6EA� �
�ASSESSING�THE VULNERABILITY OF DIFFERENT�SPECIES� AND �


INVESTIGATING�THE IMPACTS�OF�OCEAN�ACIDIFICATION� 7HE�TOP�THREE�RECOMMENDATIONS�FOR�INDUSTRY�SPECIFIC

KNOWLEDGE�GAPS�WERE�CONSIDERED�TO�BE� �
 RECONSTRUCTING�THE DISTRIBUTIONAL�TRENDS�IN�HISTORICAL�CATCH

DATA FROM 6COTTISH LOGBOOK� INFORMATION� �
� INFORMING�THE�FISHING� INDUSTRY ABOUT� IMPACTS�OF�CLIMATE

WARMING ON�6COTTISH�FISHERIES� AND �
 SURVEYING�INDUSTRY�PERCEPTIONS�ABOUT�CLIMATE�CHANGE TO�PROVIDE

A�BASELINE�ABOUT CURRENT ATTITUDES�

7HE�WORKSHOP�DEVELOPED�KEY�GOALS�FOR�FUTURE�RESEARCH AND�PUBLICATIONS��7OWARDS�THESE�CONFERENCE

PRESENTATIONS�WILL�BE�GIVEN�AT�THE�INTERNATIONAL�6PECIES�ON�THE�0OVE�CONFERENCE�	-ULY�����
�AND�THE

,&(6� $NNUAL� 6CIENCE� &ONFERENCE� 	6EPTEMBER� ����
� :ORKSHOP� PARTICIPANTS� ARE� ALSO� ORGANISING A

DEDICATED ,&(6�WORKING�GROUP�TO�CONTINUE�THE�RESEARCH� INTO�THE� IMPACTS�OF�GLOBAL�WARMING�ON�FISH

GROWTH�WITH�THE�LONGER�TERM�AIM�OF�EVALUATING�THE�EFFECTS�ON�FISHERIES�YIELDS�
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� ,NTRODUCTION
7HIS� PROJECT� RESPONDED� TO� THE� ),6���� CALL �����	��� ��� �
�	��
��� ���
�
����� �� ��������� ��� ��
���

�	������7HE�CALL�NOTED THAT��x-#$!.$)"�*!�.# �" *",�+#$��'�'*��.$*)�*!�!$-#�-.*�&-�$-��)�$(+*,.�).�.*+$�

!*,���*..$-#�!$-# ,$ -���.�(�3�� �$)�, -+*)- �.*��'$(�. ��#�)" ��)��*,�*.# ,�!��.*,-���( ,"$)"�4*)�'

�..��#( ).��$-�/--$*)-�$(+'3�.#�.���� .. ,�/)� ,-.�)�$)"�*!�-/�#�-#$!.-�1*/'��� �# '+!/'���-�1*/'��� 

.# �� 0 '*+( ).�*!�$))*0�.$0 �.**'-�.*�$(+,*0 �.# �/.$'$.3�*!� 2$-.$)"��)��) 1�!$-#��$-.,$�/.$*)���.��y

),6�THEREFORE�PROPOSED�THE�ORGANISATION�AND�DELIVERY�OF�A�WORKSHOP�TO�EXPLORE�THE�CURRENT�STATE�OF

KNOWLEDGE�IN�THESE�AREAS�AND�TO�IDENTIFY�DEVELOPMENTS�FOR�THE�FUTURE��),6�REQUESTED�THAT�THE�PRIMARY

FOCUS�OF�THE�WORKSHOP�SHOULD�BE�ON�CLIMATE�CHANGE�AND�ITS�IMPLICATIONS�FOR�6COTTISH�FISHERIES�BUT�THE

WORKSHOP� SHOULD� ALSO� CONSIDER� BROADER� TOPIC� OF� INNOVATION� IN� THE� USE� OF� FISH� DISTRIBUTION� DATA

HARNESSING�THIS�IN�THE�CONTEXT�OF�EMERGING�ZONAL�ATTACHMENT�DISCUSSIONS�

$S�DESCRIBED�IN�THE�PROJECT�PROPOSAL�FOR�),6����THIS�PROJECT�IS�BASED�ON�THE�PREMISE�THAT�REVIEWING�THE

GLOBAL EVIDENCE� DESCRIBING CLIMATE IMPACTS� ON� THE� SPATIAL DISTRIBUTION� AND� GROWTH� OF� FISH� IS� THE

NECESSARY� PRECURSOR� TO� DEVELOPING� STATISTICAL� MODELS� THAT� ARE� CAPABLE� OF� ROBUSTLY� FORECASTING� THE

IMPACTS� OF� CLIMATE� CHANGE� ON� COMMERCIAL� FISH� STOCKS�� 7HE� AIM� OF� THE� PROJECT� WAS� THEREFORE� TO

DETERMINE�WHETHER� SPATIAL DISTRIBUTION�AND� INDIVIDUAL� GROWTH� RATES�OF� FISH� SHOW�A�COHERENT� SET�OF

RESPONSES�ON�A�GLOBAL�SCALE�THAT�ARE�BROADLY�CONSISTENT�WITH�PHYSIOLOGICAL�	E�G��FISH�DO�NOT�GROW�AS

LARGE�IN�WARM�WATER
�ECOLOGICAL�	E�G��BOREAL�FISH�SPECIES�SHIFT�THEIR�DISTRIBUTION�NORTHWARD
�AND�LOGICAL

	E�G�� TRENDS� OBSERVED� IN� COOLING� REGIONS� WILL� BE� OPPOSITE� TO� THOSE� OBSERVED� IN� WARMING� REGIONS


EXPECTATIONS��,F�THE�PHYSIOLOGICAL�ECOLOGICAL�AND�LOGICAL�RESPONSES�ARE�COHERENT�ACROSS�A WIDE RANGE

OF�ECOSYSTEMS�THEN�THIS�REDUCES�UNCERTAINTY�ABOUT�CLIMATE�CHANGE�IMPACTS�ON�FISH�AND�CREATES�A FIRMER

BASIS�FOR�DEVELOPING MODELS�FOR�FORECASTING�FUTURE�RESPONSES�TO�CLIMATE�CHANGE�AT�REGIONAL�SCALES� $S

$USTRALIA� 86� AND� 8.� CAN� BE� CONSIDERED� AT� THE� FOREFRONT� OF� KNOWLEDGE� GENERATION� WE� SECURED

PARTICIPATION� OF� LEADING� EXPERTS FROM� THESE� THREE� COUNTRIES�� +AVING THIS� INTERNATIONAL�SCALE� EXPERT

PERSPECTIVE�WAS�JUDGED�TO�BE�CRUCIAL�TO�INFORMING�THE�REGIONAL�SCALE�	I�E��6COTTISH
�PERSPECTIVE�

��� 6CIENTIFIC�BACKGROUND
7HE PUBLICATION�OF�THE�LANDMARK�REPORT�BY�THE�81�,NTERGOVERNMENTAL�3ANEL�ON�&LIMATE�&HANGE�	,3&&


RELEASED�ON���2CTOBER����� 	HTTPS���WWW�IPCC�CH�SR��� 
 FOCUSSED�PUBLIC�ATTENTION�ON�CLIMATE�CHANGE

TO�AN�UNPRECEDENTED DEGREE��,N�THAT�REPORT�THE�WORLDwS�LEADING�CLIMATE�SCIENTISTS�WARNED�THAT�THERE�IS

ONLY� ��� YEARS� TO� KEEP� GLOBAL� TEMPERATURE� INCREASES� TO� A�MAXIMUM�OF�����&� TO� AVOID� CATASTROPHIC

ENVIRONMENTAL�BREAKDOWN�

2CEANS�ARE�A�FOCUS�OF�INTENSIVE�RESEARCH�GIVEN�THEIR ROLE�AS�A�HEAT�SINK�FOR�THE�PLANET�	+OEGH�*ULDBERG

AND�%RUNO�����
��2N�A�GLOBAL�SCALE�TEMPERATURES�IN�REGIONAL�SEAS�HAVE�EXHIBITED�DIFFERENTIAL�TRENDS

OVER�DECADAL�TIME�SCALES�	%ELKIN�����
��6EVERAL�REGIONAL�SEAS�HAVE�COOLED�WHILE�OTHERS�DO�NOT�EXHIBIT

DIRECTIONAL�TRENDS�BUT�FLUCTUATE BETWEEN�COLD�AND�WARM�PERIODS��&ONVERSELY�SOME�REGIONAL�SEAS�ARE

WARMING�VERY�RAPIDLY�WHILE�OTHERS�EXHIBIT�MODERATE�OR�SLOW�WARMING��5ELATIVE�TO�OTHER�REGIONS�THE

1ORTH�6EA�IS�A�GLOBAL�HOTSPOT�OF�GLOBAL�WARMING�HAVING�UNDERGONE�CA����&�OVER�THE�PAST�FOUR�DECADES�

&OMPARING�THE�BIOLOGICAL�AND�ECOLOGICAL�RESPONSES�TO�WARMING�IN�THE�1ORTH�6EA�WITH�THE�RESPONSES

DETECTED� IN�OTHER�AREAS�EXHIBITING EITHER SIMILAR�AND�DIFFERENT�TEMPERATURE�TRENDS�OVER�TIME� IS�AN

IMPORTANT�WAY�OF CONFIRMING�WHETHER� THE�OBSERVED� RESPONSES�ARE� COHERENT� IN� THE� SENSE�OF�BEING

CONSISTENT�WITH�OUR�PHYSIOLOGICAL�ECOLOGICAL�AND� LOGICAL�EXPECTATIONS�OF�TEMPERATURE�EFFECTS�ON� LIFE

HISTORIES�	+ORNE�ET�AL������
�
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&ONCOMITANT�WITH�THE�STRONG�WARMING�OBSERVED IN�THE�1ORTH�6EA�DEMERSAL�FISH�STOCKS�HAVE�UNDERGONE

A�VARIETY�OF�CHANGES�THAT�HAVE�IMPORTANT�CONSEQUENCES�FOR�THE�PRODUCTIVITY�OF�6COTTISH�FISHERIES��,T�HAS

BEEN�SUGGESTED�THAT�SPATIAL�DISTRIBUTION�OF�FISH�IN�THE�1ORTH�6EA�HAS�SHIFTED�NORTHWARDS�OR�DEEPENED

	3ERRY�ET�AL��������5INDORF�AND�/EWY�������(NGELHARD�ET�AL������
�HOWEVER�THESE�RESPONSES�ARE�NOT

CONSISTENTLY�OBSERVED�ACROSS�THE�1ORTH�6EA�FISH�COMMUNITY�	SEE�'ULVY�ET�AL�������AND�RESULTS�THEREIN
�

7HUS�THE�EXACT�CAUSE�OF�THE�DISTRIBUTIONAL�RESPONSE�IS�SOMEWHAT�UNCERTAIN��$T�THE�SAME�TIME�SEVERAL

COMMERCIALLY� IMPORTANT� FISH�STOCKS�HAVE�EXHIBITED�A�SYNCHRONOUS�TREND�TOWARDS�SMALLER�MAXIMUM

BODY� SIZES� 	%AUDRON� ET� AL�� ����
� AN� EXPECTED� RESPONSE� ACCORDING� TO� THE� PHYSIOLOGICALLY�BASED

TEMPERATURE�SIZE�RULE� 	I�E��ORGANISMS�THAT�DEVELOP�UNDER�HIGHER� TEMPERATURES�ATTAIN�SMALLER�BODY

SIZES��$TKINSON�����
��/ASTLY�BOTH�COD�AND�SOLE�IN�THE�1ORTH�6EA�ARE�SPAWNING�EARLIER�	)INCHAM�ET�AL�

����� 0C4UEEN� AND�0ARSHALL� ����
� WHICH� IS� CONSISTENT� WITH� OUR� PHYSIOLOGICAL� UNDERSTANDING� OF

TEMPERATURE�IMPACTS�ON�RATES�OF�GONADAL�DEVELOPMENT�	.JESBU�ET�AL������
��(ARLIER�SPAWNING�COULD

HAVE� IMPORTANT� IMPLICATIONS� FOR� RECRUITMENT� RATES� OF� COMMERCIAL� STOCKS� 	0ULLOWNEY� ET� AL� �����

5EGNIER�ET�AL������
�

7HERE�ARE�A�WIDE�RANGE�OF�DIRECT�IMPACTS OF�CLIMATE�CHANGE ON�FISHERIES��&HANGING�SPATIAL�DISTRIBUTION

HAS�PROFOUND� IMPACTS�ON� THE� REGIONAL�DISTRIBUTION�OF� CATCHING�OPPORTUNITIES�AND�CONSEQUENTLY� THE

DEGREE�OF�MATCH�OR�MIS�MATCH�BETWEEN�AVAILABLE�QUOTA�AND�CATCH��,N�(UROPE THIS�ISSUE�HAS�COME�INTO

PARTICULAR�FOCUS�GIVEN�THAT�NATIONAL�SHARES�OF�QUOTAS�WERE�FIXED�BASED�ON�DATA�FOR�A�MUCH�EARLIER�TIME

PERIOD� 	���������
�� THESE� FIXED�SHARES� 	TERMED�xRELATIVE� STABILITYy
�ARE� INCREASINGLY�MALADAPTED� TO

CURRENT�AND�FUTURE�DISTRIBUTIONS�OF�FISH�	6ECTION����
��&LIMATE�MEDIATED�CHANGES�IN�INDIVIDUAL�GROWTH

RATES�AS�INDICATED�BY�DECLINES�IN�MAXIMUM�BODY�SIZE�CAN�AFFECT�FISHERIES�ECONOMICS�	SMALLER�FISH�ARE

LESS�VALUABLE
�AND�DECREASE�YIELDS�	6ECTION������
��)ISHING�MORTALITY REFERENCE�POINTS�ARE�ALSO�LIKELY�BE

AFFECTED�BY� CHANGES� IN� SIZE� AT� AGE CALLING� INTO�QUESTION� THE�EFFECTIVENESS�OF� CURRENT�MANAGEMENT

STRATEGIES�WHICH�USE�FIXED�REFERENCE�POINTS�THAT�DO�NOT�CORRESPOND�TO�CURRENT�AND�FUTURE�CONDITIONS�

7HE�BEHAVIOUR�OF� INDIVIDUAL�HARVESTERS�CAN�ALSO�BE�AFFECTED�BY�FISH�SIZE�WHICH� INTERACTS�WITH�OTHER

FACTORS�SUCH�AS�TRAVEL�COSTS�SPATIAL�MANAGEMENT�MEASURES�SEASON�AND�REGULATORY�FRAMEWORK�	+AYNIE

AND�3FEIFFER�����
��0ORE� FUNDAMENTALLY� INDIVIDUAL�GROWTH�RATES�WHICH�DETERMINE�MAXIMUM�BODY

SIZE�ARE�AN�IMPORTANT�COMPONENT�OF�POPULATION�RESILIENCE�OWING�TO�THE�RELEVANCE�OF�INDIVIDUAL�GROWTH

RATES�AND�ADULT�BODY�SIZE�FOR�REPRODUCTION�	9ASILAKOPOULOS�AND�0ARSHALL�����
��7HE�LOSS�OF�RESILIENCE

THAT�IS�CAUSED BY�A�SHIFT�TOWARDS SMALLER�SIZED�FISH�MAKE�POPULATIONS�UNSTABLE�AND�MORE�VULNERABLE�TO

ABRUPT� DISCONTINUOUS� STATE� SHIFTS� WHICH� ARE� TERMED� CRITICAL� TRANSITIONS� 	6CHEFFER� ET� AL�� ����
�

&ONTINUED� WARMING� COULD� POTENTIALLY� LEAD� TO� A� LOSS� OF� RESILIENCE� TO� STRESSORS� INCLUDING� FISHING

PARTICULARLY�IF�IT�CAUSES�FURTHER�DECREASES�IN�MAXIMUM�BODY�SIZE�

2WING�TO�THE ECONOMIC IMPORTANCE�OF�THE�TOPIC�THERE�HAVE�BEEN�PREVIOUS�SYNTHESES�THAT�ARE�RELEVANT

TO�THIS�PROJECT� $ RECENT�REPORT BY�THE�)$2 CONSIDERED�CLIMATE�CHANGE�IMPACTS�ON�WILD�CAPTURE�FISH�AND

AQUACULTURE�ON�A�GLOBAL�SCALE�	%ARANGE�ET�AL������
��,T�WAS�WRITTEN�PRIMARILY FOR POLICYMAKERS�FISHERIES

MANAGERS�AND�PRACTITIONERS�WITH�A�VIEW�TO�ASSISTING�COUNTRIES�IN DELIVERY�OF MITIGATION�AND�ADAPTATION

OBLIGATIONS 	HTTP���WWW�FAO�ORG���I����EN�I����EN�PDF
� 'IFFERENT� REGIONS� WERE� SUMMARISED� BY

INDIVIDUAL� CHAPTERS� AUTHORED�BY� REGIONAL� EXPERTS�� &HAPTER���OF� THE� )$2� REPORT� CONSIDERED� CLIMATE

CHANGE�IMPACTS�VULNERABILITIES�AND ADAPTATIONS�FOR�THE�1ORTH�$TLANTIC�AND�$TLANTIC�MARINE�FISHERIES� ,T

WAS�CO�AUTHORED�BY�TWO�WORKSHOP�PARTICIPANTS�	0��3ECK�AND�-��3INNEGAR
�

��� ,NDUSTRY�PERCEPTION�OF�CLIMATE�CHANGE
&LIMATE�CHANGE�WHICH�OCCURS�SLOWLY�OVER�LONG�TERM�TIME�SCALES IS�RARELY A HIGH�PRIORITY FOR THE�FISHING

INDUSTRY WHICH IS�PRIMARILY FOCUSED ON�ADDRESSING�SHORT�TERM�ISSUES��1EVERTHELESS�CLIMATE�CHANGE�HAS



�

ALREADY�IMPACTED�FISHERIES�IN�UNDERAPPRECIATED�WAYS��&LIMATE�CHANGE�HAS�ALREADY�CREATED�A�xSHIFTING

BASELINESy� PROBLEM� THAT IS� APPARENT� IN� THE� CHANGING� SPATIAL� DISTRIBUTION� OF� MACKEREL� DISRUPTING

INTERNATIONAL�QUOTA�ALLOCATION�	-ANSEN�ET�AL��������1nTTESTAD�ET�AL������
�AND�SHRINKING�BODY�SIZES

WHICH�HAVE�DECREASED�YIELDS�OF�SEVERAL�1ORTH�6EA�FISH�STOCKS�WHEN�EXPRESSED�ON�A�PER�RECRUIT�BASIS

	%AUDRON�ET�AL��������2LAFSDOTTIR�ET�AL������
���7HERE�HAVE�BEEN�CHANGES�IN�THE�SEVERITY�AND�FREQUENCY

OF�EXTREME�WEATHER�EVENTS�THAT�HAVE�DIRECT�INFLUENCES�ON�FISHING�OPERATIONS�	6AINSBURY�ET�AL�����
�

5ECENTLY� A� GLOBAL� ANALYSIS� OF� PRODUCTIVITY� OF� ���� POPULATIONS� OF� ���� SPECIES� SUGGESTS� THAT� THE

MAXIMUM�SUSTAINABLE�YIELDS�DECREASED�BY������OVERALL�FROM������TO������	)REE�ET�AL�����
 WHICH THE

STUDY�PARTLY�ATTRIBUTES�TO�WARMING� 7HE�GREATEST� LOSSES�OF�PRODUCTIVITY�HAVE�OCCURRED� IN�THE�6EA OF

-APAN�1ORTH�6EA�,BERIAN�&OAST�.UROSHIO�&URRENT�AND�&ELTIC�%ISCAY�6HELF�ECOREGIONS WHICH�HAVE�ALL

UNDERGONE�WARMING�	%ELKIN�����
��&LEARLY�IMPACTS�HAVE�ALREADY�TAKEN�PLACE�THAT IN�AGGREGATE ARE

NOT�UNDERSTOOD�BY�THE�FISHING�INDUSTRY�OR RECOGNISED BY FISHERIES�MANAGERS� 7HIS�HIGHLIGHTS�A�NEED�TO

COMMUNICATE� THE� CURRENT� STATE� OF� KNOWLEDGE� IN� CLEAR� AND� ACCESSIBLE� FORMATS� THAT� CUSTOMISED� TO

SPECIFIC�SECTORS�E�G��PELAGIC�DEMERSAL�OR�SHELLFISH�FLEETS�

��� ,MPACTS�OF�CLIMATE�CHANGE�ON�FISHERIES�POLICY�AND VULNERABILITY
/IKE� MOST� MODERN� FISHERIES 6COTLANDwS� FISHERIES� ARE� CURRENTLY� MANAGED� USING� THE� PRINCIPLE� OF

0AXIMUM�6USTAINABLE�<IELD 	06<
���*IVEN�THAT�THE�AVAILABILITY AND�PRODUCTIVITY OF�FISH�STOCKS�CAN�BOTH

BE�INFLUENCED�BY�CLIMATE�CHANGE�	6ECTIONS�� AND �
�FUTURE�ADJUSTMENTS�TO�06<�AND�QUOTA�ALLOCATIONS

MAY�BE�NECESSARY��7HERE�IS�CURRENTLY�NO�MECHANISM�FOR�ADJUSTING�ADVICE�BASED�ON�IMPACTS�OF�CLIMATE

CHANGE�ON�06<��6IMILARLY�THERE IS�LITTLE�FISHERIES�LEGISLATION�AT�THE�6COTTISH�LEVEL�THAT�REFERENCES�CLIMATE

CHANGE�EXPLICITLY�OR�STIPULATES�SPECIFIC�ACTIONS�FOR�MANAGING�OR�MITIGATING�ITS�IMPACTS�

9ULNERABILITY�IS�THE�PROPENSITY�OR�PREDISPOSITION�TO�BE�ADVERSELY�AFFECTED��7HE�VULNERABILITY�OF�FISHERIES

TO�CLIMATE�CHANGE�HAS�BEEN�EVALUATED�AT�A�GLOBAL�SCALE�	$LLISON�ET�AL�������%LASIAK�ET�AL��������'ING�ET

AL�� ����
�� 7HESE� GLOBAL� ASSESSMENTS� OF� VULNERABILITY� FOUND� 8.� FISHERIES� TO� HAVE� LOW� VULNERABILITY

RELATIVE� TO� OTHER� GLOBAL� FISHERIES� 7HESE� COMPARATIVELY� POSITIVE� ASSESSMENTS� DID� NOT� DISTINGUISH

BETWEEN�6COTTISH�AND�OTHER�8.�FISHERIES� 7HE 'EPARTMENT�FOR�(NVIRONMENT�)OOD�AND�5URAL�$FFAIRS

	'EFRA
 HAS�UNDERTAKEN�A�COMPARATIVELY�DETAILED�ANALYSIS�OF�VULNERABILITY�IN�THE�SENSE�OF IDENTIFYING

RISKS��)OR�EXAMPLE�TWO�NATIONAL &LIMATE�&HANGE�5ISK�$SSESSMENTS 	&&5$S
�UNDERTAKEN�IN������AND

�����	6ECTION �����
�PROVIDE�A�TECHNICAL�ASSESSMENT�OF�CLIMATE�CHANGE�RISKS�TO�THE�FISHING�INDUSTRY�

$LTHOUGH RELATIVELY LIMITED�IN�SCOPE�THEY�HIGHLIGHT THE�NEED�FOR�AN�INCREASED�UNDERSTANDING�OF�HOW

CLIMATE�CHANGE�WILL�IMPACT FISHERIES�AND FISHING�COMMUNITIES�

��� $DAPTING�TO�CLIMATE�CHANGE
7HE�ABILITY�OF�THE�FISHING�INDUSTRY�TO�ADAPT�TO�CLIMATE�CHANGE�DEPENDS�ON�ITS�ADAPTIVE�CAPACITY�	%ENNETT

ET�AL��������6TOLL�ET�AL������
��$DAPTIVE�CAPACITY�IS�THE�ABILITY�OF�SYSTEMS�INSTITUTIONS AND HUMANS�TO

ADJUST�TO�POTENTIAL�DAMAGE�TO�TAKE�ADVANTAGE�OF�OPPORTUNITIES�OR�TO�RESPOND�TO�THE�CONSEQUENCES�OF

CHANGE��)ISHERS�MAY�NOT�RECOGNISE�A�NEED�FOR�ADAPTATION�BECAUSE THEY�DO�NOT�VIEW�CLIMATE�CHANGE�AS

A�SALIENT�ISSUE�HAVE�LOW�RISK�PERCEPTIONS�OF�CLIMATE�CHANGE�OR�ARE�SCEPTICAL�OF�ITS�IMPACTS�	1URSEY�%RAY

ET�AL�������'ANNEVIG�AND�+OVESRUD�����
��$�RECENT�STUDY�OF�A�SMALL�GROUP�OF�FISHERS�IN�A�8.�FISHING

PORT�	%RIXHAM
 INDICATED�THAT�FISHERS�WERE�AWARE�OF�HOW�CLIMATE�CHANGE�COULD�IMPACT�THEIR�FISHERIES

HOWEVER�MANY�FISHERS�DID�NOT�ANTICIPATE�HAVING�TO�CHANGE�THEIR�PRACTICES�	0ALTBY�����
��5EASONS�GIVEN

FOR�NOT�CHANGING CURRENT�PRACTICES�INCLUDE NOT�WANTING�TO�CHANGE�AS WELL�AS�CONSTRAINTS�THAT�AFFECTED

THEIR�ABILITY�TO�CHANGE�SUCH�AS�INFLEXIBLE�MANAGEMENT�AND�LACK�OF�FINANCES�

$� RECENT� 6EAFISH� REPORT 	*ARRETT� ET� AL� ����
 CONSULTED� SEAFOOD� INDUSTRY� STAKEHOLDERS� TO� IDENTIFY

ADAPTATION� RESPONSES THAT THE� INDUSTRY� COULD�ADOPT� TO�PREPARE� FOR� FUTURE� CLIMATE� CHANGE� 	6ECTION



�

�����
��7HESE�INCLUDED�REVIEWING�QUOTA�ALLOCATION�IN�RELATION�TO�xRELATIVE�STABILITYy�IMPROVING�SAFETY�OF

CREW� AND� VESSELS� DEVELOPING� THE� EVIDENCE� BASE� FOR� CLIMATE� IMPACTS� OF� FISHERIES� AND� IMPROVING

RELATIONSHIPS�BETWEEN�SCIENCE�AND� INDUSTRY�TO�PROMOTE�KNOWLEDGE�EXCHANGE� $NY�CONSIDERATION�OF

IMPLICATIONS�OF� CLIMATE� CHANGE� FOR� FISHING�NEEDS� TO�CONSIDER� IDENTIFYING�ADAPTATION� RESPONSES� THAT

WOULD�ADDRESS�THE�POSSIBLE�IMPACTS�OF�CLIMATE�CHANGE�

��� $IMS�OF�THE�),6���
$S� NOTED� ABOVE� THIS PROJECT WAS� BASED� ON� THE� PREMISE� THAT� REVIEWING� THE� EMPIRICAL� EVIDENCE

DESCRIBING�TEMPERATURE�IMPACTS�ON�THE�SPATIAL�DISTRIBUTION�AND�GROWTH�OF�FISH�OVER�BROAD�SPATIAL�SCALES

IS�THE�NECESSARY�PRECURSOR�TO�DEVELOPING�STATISTICAL�MODELS�THAT�ARE�CAPABLE�OF�ROBUSTLY�FORECASTING�THE

IMPACTS� OF� CLIMATE� CHANGE� ON� THE� RESILIENCE� OF� COMMERCIAL� FISH� STOCKS�� +AVING� SOME� DEGREE� OF

FORECASTING�ABILITY�WOULD�BENEFIT�THE�FISHING�INDUSTRY�BY�PROVIDING�AN�INFORMED�VIEW�OF�FUTURE�OPERATING

CONDITIONS�AND�HELP�TO�SHAPE�EFFECTIVE�POLICY�TOOLS�FOR�FISHERIES�MANAGEMENT�

'EVELOPING� A� WELL�FOUNDED� FORECASTING� MODEL REQUIRES� SYNTHESISING CURRENT� KNOWLEDGE� IDENTIFY

KNOWLEDGE�GAPS�AND�PLAN�FOLLOW�UP�RESEARCH�PROGRAMMES��7HIS�PHASED�APPROACH�IS�FULLY�CONSISTENT

WITH�THE�REQUEST�BY�),6�FOR�THE�WORKSHOP�x 2+'*, �.# ��/,, ).�-.�. �*!�&)*1' �" �, '�. ��.*��'$(�. 

�#�)" �$(+��.-�*)�!$-#��$-.,$�/.$*)��)��.*�$� ).$!3�� 0 '*+( ).-�!*,�.# �!/./, y�

),6� ALSO� SPECIFIED� THAT� ALTHOUGH� THE�PRIMARY� FOCUS�WAS�ON CLIMATE�CHANGE�AND� ITS� IMPLICATIONS� FOR

6COTTISH�FISHERIES�THE�WORKSHOP�SHOULD�ALSO�CONSIDER�BROADER�TOPIC�OF� INNOVATION� IN�THE�USE�OF�FISH

DISTRIBUTION�DATA��$DDING�FISH�GROWTH�TO�THIS�REVIEW�WAS�A�COMPLEMENTARY�AND�UNIQUE�FEATURE�OF�OUR

PROJECT��,NDIVIDUAL�GROWTH�CONTRIBUTES�BIOMASS�PRODUCTION�AND�THEREFORE�DETERMINES�PER�CAPITA�YIELDS

OF� FISHERIES��*ROWTH�AND�DISTRIBUTION�ARE�ALSO� LINKED�GIVEN� THAT� THE� THERMAL� EXPERIENCE�OF� A� FISH� IS

DETERMINED�BY�ITS�LOCATION�IN�SPACE��,F�A�FISH�STOCKwS�DISTRIBUTION�IS UNCHANGED�BY�CLIMATE�CHANGE�THEN

THE� STOCKwS� THERMAL� EXPERIENCE� WILL� BE� DIFFERENT� AND� LIKELY� WARMER�� 7HIS� WILL� HAVE� LONG�TERM

CONSEQUENCES�FOR�INDIVIDUAL�GROWTH�AND�THEREFORE�YIELDS�

$DDITIONALLY THE�WORKSHOP� UNDERTOOK� A� BRIEF� REVIEW� OF� THE� APPROACHES� TAKEN� BY THE THREE FOCAL

COUNTRIES�	$USTRALIA�8. AND 86
�TOWARDS�ADAPTATION�PLANNING�WITHIN�THE�FISHING�INDUSTRY� 7HIS�IS�AN

AREA�WITH� SIGNIFICANT� SCOPE� FOR� INNOVATION� INFORMED�BY� THE� RANGE�OF� INTERNATIONAL�PERSPECTIVES�ON

ADAPTATION� ,T�THEREFORE�IS�RELEVANT�TO�DEVELOPMENTS�FOR�THE�FUTURE�

7HE�WORKSHOP�ADDRESSED�THREE SEPARATE QUESTIONS EACH ASSOCIATEDWITHWRITTEN OUTCOMES IN�THE�FORM

OF�MANUSCRIPTS�BEING�PLANNED�FOR�FUTURE�

�
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 )6=;+:18<��:ORLDWIDE�REVIEW�OF�EMPIRICAL�EVIDENCE�OF�CHANGES�IN�DISTRIBUTION�AND�THEIR�CAUSES

	�*(+' . ���!. ,�.# �1*,&-#*+�.#,*/"#��**,�$)�. �� !!*,.-��3�+�,.$�$+�).-
�
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 )6=;+:18<�� :ORLDWIDE� REVIEW� OF� EMPIRICAL EVIDENCE� OF� CHANGES� IN� GROWTH� AND� THEIR� CAUSES
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 )6=;+:18<�� 0ETA�ANALYSIS� OF� THE� HISTORICAL� CHANGES� IN� FISH� GROWTH� ACROSS� THE� GLOBE� AND

IDENTIFICATION� OF� PUTATIVE� MECHANISMS� E�G�� THE� TEMPERATURE�SIZE� RULE� 	�*(+' . �� �!. ,� .# 

1*,&-#*+�.#,*/"#��**,�$)�. ��, - �,�#� !!*,.-��3�+�,.$�$+�).-
�

�
�#�.��, �.# �$(+'$��.$*)-�!*,���*..$-#�!$-# ,$ -��$)�'/�$)"�&)*1' �" �"�+-"

�16)4�8:72-+<�:-87:<��2N�THE�BASIS�OF�DISCUSSIONS�HELD�AT BOTH�THE�WORKSHOP�AND�THE�PUBLIC�EVENT

THE�IMPLICATIONS�FOR�6COTTISH�FISHERIES�WILL�BE�IDENTIFIED�AND�KEY�KNOWLEDGE�GAPS�WILL�BE�IDENTIFIED

TO�INFORM�),6�OF�FUTURE�RESEARCH�NEEDS��)OR�EXAMPLE�CLIMATE�CHANGE�ALSO�AFFECTS�FISHERY

ECONOMICS�MANAGEMENT�AND FLEET�DYNAMICS�WILL�BE�DISCUSSED�AT�THE�WORKSHOP�IN�ORDER�TO

IDENTIFY�FUTURE�RESEARCH�NEEDS�IN�THESE�AREAS�	.# ������	�!$)�'�, +*,.�1$''�*/.'$) �1*,&$)"

�,,�)" ( ).-�!*,�� '$0 ,$)"���)/-�,$+.- -+ �$!$ � ��*0 
�

,N�ADDITION�A�PUBLIC�EVENT�WAS�HELD�AT�THE 8NIVERSITY�OF�$BERDEEN�ON�:EDNESDAY���TH 1OVEMBER�����

TO� SHARE� GLOBAL� AND� LOCAL� PERSPECTIVES� ON� THE� IMPORTANCE� OF� CLIMATE� CHANGE� FOR� DISTRIBUTION

PRODUCTIVITY�AND�MANAGEMENT�OF�COMMERCIAL� FISH�STOCKS��6PEAKERS� FROM�THE�8.�86$�AND�$USTRALIA

PRESENTED�STATE�OF�THE�ART�SCIENTIFIC� FINDINGS�FOLLOWED�BY�PRESENTATIONS�BY�MEMBERS�OF�THE�6COTTISH

FISHING�INDUSTRY 	6ECTION����
��$�4�$�SESSION�FOLLOWED�ALLOWING�MEMBERS�OF�THE�AUDIENCE�TO�QUESTION

THE� SPEAKERS� ABOUT� WHAT� THE� FUTURE� HOLDS� FOR� OUR� MARINE� FISH� FISHING INDUSTRIES� AND� COASTAL

COMMUNITIES�

� 2RGANISATION�OF�),6���
7HE GENEROUS LEVEL�OF�FUNDING�MADE�AVAILABLE�BY�),6�WAS�WELL�SUITED�TO ASSEMBLING AN�INTERNATIONAL

CONSORTIUM OF�EXPERTS TO�REVIEW�AND�SUMMARISE�KNOWLEDGE�FROM�DIFFERENT�AREAS�

��� 2RGANISATION�OF�THE WORKSHOP
:ORKSHOP�ATTENDEES�WERE�INVITED�TO�THE�WORKSHOP�BY�THE�CO�ORGANISERS�	&�7��0ARSHALL�3��6PENCER


BECAUSE�THEY�HAD�EXPERT�KNOWLEDGE�IN�THE�TOPICS�OF�FISH�GROWTH�AND�DISTRIBUTION�AND�OR�HAVING�ACCESS

TO� RELEVANT� GOVERNMENT� DATABASES�� 6EVERAL ATTENDEES� WERE� INVITED� BECAUSE� OF� HAVING� SUITABLE

EXPERTISE� IN�MODELLING�OF� FISH�GROWTH�OR�DISTRIBUTION��2THER�ATTENDEES�WERE� INVITED�ON�THE�BASIS�OF

HAVING�EITHER�NATIONAL�OR�INTERNATIONAL�PERSPECTIVES�ON�CLIMATE�CHANGE�IMPACTS�ON�FISH�AND�FISHERIES�

7HERE� WERE� A� TOTAL� OF� ��� ATTENDEES� INCLUDING� THE� TWO� CO�ORGANISERS� 	7ABLE� �
�� 7HE� INTERNATIONAL

REPRESENTATION�OF� THE�WORKING�GROUP� IS�HIGHLIGHTED�BY� THE�DIVERSE� RANGE�OF� COUNTRIES� REPRESENTED

INCLUDING�THE�8.�$USTRALIA�86�&ANADA�1ORWAY�,CELAND�'ENMARK AND�*ERMANY��$TTENDEES�INCLUDED

A�MIX�OF�GOVERNMENT�SCIENTISTS�UNIVERSITY�BASED�SCIENTISTS�AND�ONE�INDUSTRY�SCIENTIST�FROM�THE�6COTTISH

3ELAGIC�)ISHERMENwS�$SSOCIATION�

'URING�THE���DAY�WORKSHOP�THE�WORKING�GROUP�TACKLED�THE�THREE�QUESTIONS�	SEE 6ECTION ���
�THROUGH�A

MIX�OF�PRESENTATIONS�PLENARY�DISCUSSIONS�AND�BREAK�OUT�GROUP�DISCUSSIONS��,N�ADDITION�EIGHT�SCIENTISTS

REPRESENTING� 86� &ANADA� $USTRALIA� AND� &HILE� GAVE� PRESENTATIONS� REMOTELY� AND� PARTICIPATED� IN

DISCUSSIONS �7ABLE �
��7HE�TIMETABLE�WAS�DIVIDED�INTO�TWO�TOPICS��DISTRIBUTION�	0ONDAY�AND�7UESDAY


AND� GROWTH� 	7UESDAY� :EDNESDAY� 7HURSDAY
�� 'ISCUSSIONS� REVIEWED� DATA� AVAILABILITY� 	0ONDAY

AFTERNOON�7HURSDAY�MORNING
�AND�CONSIDERED�THE�MOST�APPROPRIATE�ANALYTICAL�METHODS�FOR�ANALYSING

THE�EXISTING�DISTRIBUTION�DATA�	7UESDAY�AFTERNOON
�AND�GROWTH�DATA�	:EDNESDAY�MORNING�7HURSDAY

AFTERNOON
�AVAILABLE�FOR�THE�DIFFERENT�REGIONS��7OWARDS�THE�CLOSE�OF�THE�WORKSHOP�DISCUSSIONS�FOCUSSED

ON�DEVELOPING�A�PLAN�FOR�FUTURE�COLLABORATIVE�RESEARCH�	7HURSDAY�AFTERNOON�)RIDAY�AFTERNOON
�



�

$74- !)5-;���..141)<176�

(7:3;078�7:/)61;-:; 7ARA�0ARSHALL�	8NIVERSITY�OF�$BERDEEN�8.


3AUL�6PENCER�	12$$�)ISHERIES�$LASKA�)ISHERIES�6CIENCE�&ENTER�86


$LAN�%AUDRON�	8NIVERSITY�OF�$BERDEEN�8.


1IALL�)ALLON 	8NIVERSITY�OF�$BERDEEN�8.


(7:3;078�)<<-6,--; 3AUL�)ERNANDES�	8NIVERSITY�OF�$BERDEEN�8.


7HOMAS�+ELSER 	12$$�)ISHERIES�$LASKA�)ISHERIES�6CIENCE�&ENTER�86


0ELISSA�+ALTUCH�	12$$�)ISHERIES�1ORTHWEST�)ISHERIES�6CIENCE�&ENTER

86


&HRISTINE�6TAWITZ�	12$$ 2FFICE�OF�6CIENCE�AND�7ECHNOLOGY�86


%JARTE�%OGSTAD�	,NSTITUTE�OF�0ARINE�5ESEARCH�1ORWAY


(INAR +JmRLEIFSSON 	0ARINE�5ESEARCH�,NSTITUTE�,CELAND


$LAN�+AYNIE�	12$$�)ISHERIES�$LASKA�)ISHERIES�6CIENCE�&ENTER�86


5OBERT�$LLMAN�	12$$�6OUTHEAST�)ISHERIES�6CIENCE�&ENTER�86


*RETTA�3ECL�	8NIVERSITY�OF�7ASMANIA�$USTRALIA


-OHN�3INNEGAR�	&ENTRE�FOR�(NVIRONMENT�)ISHERIES�AND�$QUACULTURE

6CIENCE�8.


3IETER�'ANIiL�VAN�'ENDEREN�	1ATIONAL�,NSTITUTE�OF $QUATIC 5ESOURCES

7ECHNICAL�8NIVERSITY�OF�'ENMARK�'ENMARK


%RYONY�7OWNHILL�	&ENTRE�FOR�(NVIRONMENT�)ISHERIES�AND�$QUACULTURE

6CIENCE�8.


-OANNA�%ERNHARDT�	8NIVERSITY�OF�%RITISH�&OLUMBIA�&ANADA


0YRON�3ECK�	8NIVERSITY�OF�+AMBURG�*ERMANY


6TEVE�0ACKINSON�	6COTTISH�3ELAGIC�)ISHERMENwS�$SSOCIATION�8.


$-57<-�8):<1+18)6<; 0ALIN�3INSKY�	5UTGERS�8NIVERSITY�86$


:ILLIAM�&HEUNG�	8NIVERSITY OF�%RITISH�&OLUMBIA�&ANADA


-AMES�7HORSON�	12$$�)ISHERIES�$LASKA�)ISHERIES�6CIENCE�&ENTER�86


$STA�$UDZIJONYTE 	8NIVERSITY�OF�7ASMANIA�$USTRALIA


-OHN�0ORRONGIELLO�	8NIVERSITY�OF�0ELBOURNE�$USTRALIA


&URTIS�&HAMPION 	8NIVERSITY�OF�7ASMANIA�$USTRALIA


7IM�(SSINGTON�	8NIVERSITY�OF�:ASHINGTON�86$


7IM�0ILLER�	12$$�1ORTHEAST�)ISHERIES�6CIENCE�&ENTER


5ODRIGO�:IFF�	)ISHERIES�'EVELOPMENT�,NSTITUTE�&HILE


&)*4-�	��:ORKSHOP�PARTICIPANTS�AND�THEIR�AFFILIATIONS

��� 2RGANISATION�OF�THE�PUBLIC�EVENT
7HE�PUBLIC�EVENT�WAS�TITLED� �'$(�. �$(+��.-�*)�!$-#��$-.,$�/.$*)��)��+,*�/�.$0$.3��)��$(+'$��.$*)-�!*,

��*..$-#�!$-# ,$ - � �*1��*/'���'$(�. ��#�)" ��!! �.�(�,$) �!$-#��)��!$-# ,$ -� ,T�WAS�HELD�:EDNESDAY

��TH 1OVEMBER�0AIN�/ECTURE�7HEATRE�=OOLOGY�%UILDING��8NIVERSITY�OF�$BERDEEN��2VER�����PEOPLE

ATTENDED�THE�EVENT�INCLUDING�REPRESENTATIVES�FROM�),6�6EAFISH�6COTTISH�)ISHERMENwS�)EDERATION�AND

0ARINE�6COTLAND� 7HERE WERE�FIVE�SPEAKERS�

3ROF��*RETTA�3ECL t 8NIVERSITY�OF�7ASMANIA�$USTRALIA

'R� -OHN�3INNEGAR t &ENTRE�FOR�(NVIRONMENT�)ISHERIES�AND�$QUACULTURE�6CIENCE�8.

'R��$LAN�+AYNIE t $LASKA�)ISHERIES�6CIENCE�&ENTER�86$



�

0R��*EORGE�5�:EST t SKIPPER�OF�THE�PELAGIC�TRAWLER � -*'/. 

'R��6TEVEN�0ACKINSON t 6COTTISH�3ELAGIC�)ISHERMENwS�$SSOCIATION

(ACH�SPEAKER�GAVE�A�SHORT ���MINUTE PRESENTATION�FOLLOWED�BY�4�$�SESSION FOLLOWED�BY A�RECEPTION

IN�THE�FOYER�ALLOWING�FURTHER�INFORMAL�DISCUSSIONS�ABOUT�CLIMATE�CHANGE�AND�FISH��7HE�FUNDING�FROM

),6�WAS�ACKNOWLEDGED�AND�THE�),6�LOGO�APPEARED�PROMINENTLY�

7O� ENHANCE� THE� REACH�OF� THE� PUBLIC� EVENT� USING� SOCIAL�MEDIA ),6���� SECURED� THE� PARTICIPATION� OF

0INDFULLY� :IRED� &OMMUNICATIONS� 	0:&
��� 0:&� PREPARED� VISUALLY� APPEALING� POSTER� FLYER� AND

MAILSHOT WHICH�WERE�DISSEMINATED�TO�PROMOTE�THE�PUBLIC�EVENT��0:& ENABLED�INTERESTED�PERSONS�TO

ENGAGE�WITH�),6wS�OWN�SOCIAL�MEDIA�THROUGH�)ACEBOOK�7WITTER�AND�THE�),6�WEBSITE� $ REVIEW�OF�THE

EVENTwS�7WITTER�HANDLE�	�),6&LIMATE,MPACTS
�SHOWED�THAT�0:&�HAD�POSTED����TWEETS�OVER�THE�FULL

WEEK�AND����LIVE�TWEETS�DURING�THE�PUBLIC�EVENT�ITSELF��(XTERNALLY����PEOPLE�USED�THE�HASHTAG�AND�THE

HASHTAG�WAS�SEEN�BY�A�MINIMUM�OF�������ACCOUNTS��7HERE�WERE�����ENGAGEMENTS�WITH�THE�TWEETS

INCLUDING����LIKES�����RETWEETS����LINK�CLICKS�AND����HASHTAG�CLICKS�

��� /IVE�STREAMING�AND�RECORDING�OF�THE�WORKSHOP�AND�PUBLIC�EVENT
&ONSIDERABLE EFFORT�WAS�MADE�TO�INCREASE�WIDER�ENGAGEMENT�WITH�THE�WORKSHOP�THROUGH�THE�USE�OF

ONLINE� DIGITAL�MEDIA� /IVE�STREAMING� AND� RECORDING� OF� KEY� TALKS� AND� EVENTS� OVER� THE� COURSE� OF� THE

WORKSHOP�WAS� IDENTIFIED� AS� AN� EXCELLENT�MEANS� OF� FACILITATING� REMOTE� ENGAGEMENT�WITH�WORKSHOP

CONTENT�WHILE�ALSO�PROVIDING�A�LEGACY�PACKAGE�FOR�THE�WORKSHOP� 7HIS�WAS�ACHIEVED�BY�FACILITATING�THE

PRESENTATION� OF� MATERIAL� ALLOWING REMOTE� PARTICIPANTS� TO� ENGAGE WITH� GROUP� DISCUSSIONS� AND� BY

PROVIDING�A�MEANS�FOR�INTERESTED�MEMBERS�OF�THE�PUBLIC TO�FOLLOW�THE�PROCEEDINGS�OF�THE�WORKSHOP IN

REAL�TIME��0:&�ADVERTISED� THE� LIVE�STREAMING�OPPORTUNITY�VIA� SOCIAL�MEDIA� 7HE�3ANOPTO�SOFTWARE

PACKAGE� WAS�USED�TO�CAPTURE�AUDIO�OF�SPEAKERSw�TALKS�AS�WELL�AS�3OWER3OINT�PRESENTATIONS�DURING

STREAMING� AND� RECORDING�� ,N� ADVANCE� OF� THE� WORKSHOP� A� TIMETABLE� WAS� CIRCULATED� TO� REMOTE

PARTICIPANTS� AND�OTHER� INTERESTED� COLLEAGUES� CONTAINING� HYPERLINKS� POINTING� TO�WEB� LOCATIONS� FROM

WHICH�A�SELECTION�OF�TALKS�WOULD�BE�LIVE�STREAMED��3REPARING�THE�LIVE�STREAM�LINKS�IN�ADVANCE�MEANT

EACH�TALK�WAS�READY�TO�BE�RECORDED�TO�A�SPECIFIC� LOCATION�AS�THE�WORKSHOP�PROCEEDED�ALLOWING�FOR

MINIMAL� TECHNICAL� INTERVENTION� FROM� THE� ORGANISERS�� $S� THE� HYPERLINKS�WERE� ACCESSIBLE� TO� ANYONE

POSSESSING�THEM�PERMISSION�WAS�SOUGHT� FROM�SPEAKERS�BEFORE�PROCEEDING�WITH�THE�STREAMING�AND

RECORDING��7HE�VIDEOS 	POWERPOINTS�WITH�AUDIO
 ARE�ALL�VIEWABLE�THROUGH�A�STANDARD�INTERNET�BROWSER

AND�HAVE�BEEN�ARCHIVED�OFFLINE�AS�IT IS�PROPOSED�THAT�THEY�WILL�BE�SHARED�VIA�ANOTHER�ONLINE�PLATFORM

IN�FUTURE�	6ECTION����
��$S�WELL�AS�THE�MAJORITY�OF�WORKSHOP�TALKS�THE�PUBLIC�EVENT�x�'$(�. �$(+��.-�*)

!$-#��$-.,$�/.$*)��)��+,*�/�.$0$.3
�$(+'$��.$*)-�!*,���*..$-#�!$-# ,$ -y�WAS�STREAMED AND�RECORDED�IN�ITS

ENTIRETY�USING�3ANOPTO��7HIS�INCLUDED�PRESENTATIONS�FROM�THE�FIVE�INVITED�SPEAKERS�AS�WELL�AS�THE�PUBLIC

QUESTIONS�AND�ANSWERS�SESSION�WHICH�FOLLOWED��7HE�VIDEOS�ARE�CURRENTLY�HOSTED�ONLINE��AND�HAVE�BEEN

VIEWED ��� TIMES�AS�OF ��$PRIL ����� 7HE�POWERPOINTS�AND�AUDIO�FROM�PUBLIC�EVENT�ARE�ALSO�STORED

DIGITALLY�

� THIS�WAS�NOT�A�PART�OF THE�ORIGINAL�PROPOSAL�BUT�WAS�RECOGNISED�AS�APPROPRIATE�PARTICULARLY�GIVEN�INCREASED�PUBLIC
INTEREST�IN�CLIMATE�CHANGE�THAT�FOLLOWED�THE�PUBLICATION�OF�THE�,3&&�REPORT
�HTTPS���WWW�PANOPTO�COM�
�HTTPS���ABDN�CLOUD�PANOPTO�EU�3ANOPTO�3AGES�6ESSIONS�/IST�ASPX�FOLDER,' ���B�E�DC���������C����C�A�
A��F��EDD�������SORT&OLUMN ��SORT$SCENDING TRUE
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��� 3RINT�MEDIA
$� NEWS� RELEASE� WAS� PREPARED� AND� DISSEMINATED� BY� 0:&� AS� WELL� AS� THE� 8NIVERSITY� OF� $BERDEEN

&OMMUNICATIONS� TEAM��$S�A� RESULT� THERE�WERE�SEVERAL�ARTICLES�ABOUT� THE�PUBLIC�EVENT� IN� THE�PRINT

MEDIA�INCLUDING�THE�FOLLOWING�

%+7<;5)6� APPEARED���-ANUARY������	)IGURE �


�1;3-:� �7:=5� APPEARED� ��� 'ECEMBER� ������ HAS� A� (8�WIDE� OUTREACH� AND� A� PARTICULARLY� STRONG

READERSHIP� IN� 6WEDEN� AND� 'ENMARK HTTP���WWW�FISKERFORUM�DK�EN�NEWS�B�WHAT�CLIMATE�CHANGE�
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��� 2RGANISATION�OF�THIS�REPORT
6ECTION� �� AND �� OF� THIS� REPORT� SUMMARISES� THE� INFORMATION� THAT� WAS� PRESENTED ON� THE� TOPICS OF

DISTRIBUTION� AND� GROWTH RESPECTIVELY� (ACH� SECTION REVIEWS THE EVIDENCE OF CLIMATE� CHANGE

	DISTRIBUTIONAL�SHIFTS�AND�CHANGES�IN�INDIVIDUAL�GROWTH�RATES
 FOR�FISH�IN�$USTRALIA�THE�8.�AND�86� %OTH

SECTIONS INCLUDE�A�SUMMARY�OF�THE DIFFERENT MODELLING�APPROACHES�THAT�ARE�BEING�USED�FOR�THESE�TWO

TOPICS 	6ECTIONS� ��� AND� ���
�� $DDITIONALLY� MANAGEMENT� IMPLICATIONS� OF DISTRIBUTIONAL� SHIFTS� IN

(UROPEAN�8NION 	(8
 WATERS�	INCLUDING ZONAL�ATTACHMENT
�AND CHANGES�IN�INDIVIDUAL�GROWTH�RATE ARE

PRESENTED�IN�6ECTIONS�����AND�����RESPECTIVELY� 6ECTION���ALSO�INCLUDES A�REVIEW OF�DATABASES AVAILABLE

TO MODELLING�GROWTH� 6ECTION���GIVES�A SUMMARY OF�THE�APPROACHES�TO�ADAPTATION�PLANNING TAKEN�IN

$USTRALIA�8.�AND�86 AND�CONCLUDES�WITH�A�COMPARISON�OF�THE�THREE�APPROACHES��6ECTIONS���SUMMARISES

INSIGHTS�THAT�WERE�GAINED�DURING�THE WORKSHOP THAT�ARE�APPLICABLE�TO�THE�GLOBAL�SITUATION�WHILE 6ECTION

��IDENTIFIES�KNOWLEDGE�GAPS SPECIFIC�TO 6COTTISH�FISHERIES� %OTH�6ECTIONS���AND���WERE�WRITTEN�TO�INFORM

),6�OF�OPTIONS�FOR�COMMISSIONING�FUTURE�WORK� 7HE REPORT�CONCLUDES�WITH�A DESCRIPTION OF�THE�SCIENTIFIC

LEGACY�OF�THE�WORKSHOP 	6ECTION��
�

7HE�OBJECTIVES�OF�THIS�WORKSHOP�DOVETAIL�CLOSELY�WITH�SEVERAL�ONGOING�LARGE�RESEARCH�PROGRAMS�WITHIN

THE�(8�	+ORIZON�����
�AND�ELSEWHERE��2NE�PROJECT�TITLED THE &LIMATE�&HANGE�AND (UROPEAN�$QUATIC

5ESOURCES� PROJECT 	&(5(6� WWW�CERESPROJECT�EU
 IS� COMPLETING� ITS� THIRD� OF� FOUR� YEARS� AND� A� BRIEF

SUMMARY� OF� &(5(6� WAS� PRESENTED� AT� THE� WORKSHOP� $� BRIEF� SUMMARY� OF� THAT� PROJECT� IS� INCLUDED

	$PPENDIX ��6ECTION ����
�

� &LIMATE�CHANGE�IMPACTS�ON�FISH�DISTRIBUTION
*LOBALLY�THERE�HAVE�BEEN�SEVERAL�PUBLISHED�STUDIES�INVESTIGATING�DISTRIBUTION�OF�MARINE�SPECIES�EITHER

A�WHOLE� RANGE�OF� TAXA�OR� SPECIES� IN SPECIFIC� REGIONS� $CROSS� THOSE� STUDIES�BETWEEN����AND�����OF

SPECIES�HAVE�SHOWN�EVIDENCE�OF�SHIFTING�	)IGURE��
��9ARIATION�IN�THE�TIMING�AND�PACE�OF�DISTRIBUTIONAL

SHIFTS�OCCURS�BECAUSE�THERE�ARE�INFLUENCES�OTHER�THAN�CLIMATE�ISSUES�WITH�DETECTABILITY�AND	OR
�NOT�ALL

SPECIES� SHIFT� WITH� SOME� SPECIES� EITHER� ADAPTING� OR� DYING� OUT�� � 6OME� OF� THE� VARIATION� IN RATE� AND

MAGNITUDE� OF� CHANGES� IN� DISTRIBUTION� CAN� BE� EXPLAINED� BY� CLIMATE� VELOCITY� WHICH� REFERS� TO� THE

MOVEMENT�OF�TEMPERATURE�ISOTHERM IN�SPACE�	0OLINOS�ET�AL������
� &LIMATE�VELOCITY�COMBINED�WITH

SPECIES�TRAITS�EXPLAINS�EVEN�MORE�OF�THIS�VARIATION�	6UNDAY�ET�AL�����
��$DDITIONALLY�WIDELY�DISTRIBUTED

SPECIES�AND�SPECIES�AT�LOWER�TROPHIC�LEVELS�ARE�SHIFTING�FASTER�	6UNDAY�ET�AL������
��+OWEVER�SOME�OF

THE�VARIATION�IN�RATE�AND�MAGNITUDE�OF�RANGE�SHIFTS�CAN�BE�ATTRIBUTED�TO�THE�METHODS�USED�TO�DETECT

AND�QUANTIFY�THE�SHIFTS�	%ROWN�ET�AL������
�
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�1/=:-��� 3UBLISHED�STUDIES�OF�MARINE�DISTRIBUTIONAL�SHIFTS�INDICATING�THE�PROPORTION�OF�SPECIES�WHICH

WERE�JUDGED�BY�THE�STUDY�TO�HAVE�SHIFTED�POLEWARDS�CONSISTENT�WITH�EXPECTED�RESPONSE�TO�WARMING�

)IGURE�FROM�PRESENTATION�GIVEN�AT�THE�WORKSHOP�BY�*��3ECL�

$RRIVAL� IN�A�NEW�AREA�OCCURS� IN� STAGES�WITH� THE�STARTING�POINT�BEING�ABSENCE� IN� THE�NEW�AREA� 	PRE�

WARMING
�FOLLOWED�BY�ARRIVAL�IN�THE�NEW�AREA�	RESPONSE�TO�MILD�WARMING
�THEN�POPULATION�INCREASES

AND� THEN� PERSISTENCE� 	%ATES� ET� AL�� ����
�� 7HE� RECEPTIVENESS� OF� THE� RECEIVING� COMMUNITY� IS ALSO

IMPORTANT�AND�MAY�POSSIBLY�BE�DETERMINED�BY�THE�EXISTING�ECOLOGICAL�NETWORK�IN�THE�NEW�AREA�AND�ITS

STABILITY�OR�INSTABILITY��$�RANGE�SHIFT�IS�THEREFORE�A�FUNCTION�OF�TWO�SEPARATE�ASPECTS��HOW�PREDISPOSED

A�GIVEN�SPECIES�IS�TO�SHIFTING�AND�THE�RECEPTIVENESS�OF�THE�NEW�ECOSYSTEM�AND�HABITAT�TO�THE�INCOMING

SPECIES�

��� 5EVIEW�OF CLIMATE�IMPACTS�ON�SPATIAL DISTRIBUTION

����� $USTRALIA
7HE� EAST� COAST� OF� 7ASMANIA� PRODUCES� THE� HIGHEST� VALUE� OF� SEAFOOD� NATIONALLY� AND� A� HIGH� RATE� OF

RECREATIONAL� FISHING�� ,T� IS ALSO ONE� OF� THE� FASTEST� WARMING� REGIONS� GLOBALLY� WITH� THE� EAST� COAST� OF

7ASMANIA� WARMING� FASTER� THAN� ���� OF� THE� OCEAN� I�E� IN� THE� TOP� ���� FOR� RATES� OF 6EA� 6URFACE

7EMPERATURE 	667
 WARMING�� &ONSEQUENTLY� A� SUBSTANTIAL� RESEARCH� INVESTMENT� HAS� BEEN� MADE� IN

UNDERSTANDING�CLIMATE�CHANGE�IMPACTS�PARTICULARLY�CHANGES�IN�SPECIES�DISTRIBUTION��&HANGES�IN�SPECIES

DISTRIBUTION THAT HAVE BEEN DETECTED�INCLUDE�POLEWARD�EXPANSIONS�OF�SEA�URCHINS�RESULTING�IN�A�LOSS�OF

KELP�FORESTS�	/ING�ET�AL������A
�THE� INVASION�OF�NEW�OCTOPUS�SPECIES�	5AMOS�ET�AL������
�POLEWARD

EXPANSION�OF�����OF�INTERTIDAL�SPECIES�OVER�THE�LAST����YEARS�	3ITT�ET�AL������
�DISTRIBUTIONAL�CHANGES

OF�MANY�FISH�SPECIES�	/AST�ET�AL�������6UNDAY�ET�AL�������5OBINSON�ET�AL�������'AY�ET�AL������
�AND�A
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FOUNDATIONAL�SHIFT�OF�SEAWEED�COMMUNITIES�POLEWARD�	:ERNBERG�ET�AL� ����
��0ARINE�ECOSYSTEMS�OFF

THE�EAST�COAST�OF�7ASMANIA�TODAY�ARE�PROFOUNDLY�DIFFERENT�FROM�TWO�DECADES�AGO�	3ECL�ET�AL�IN�PRESS
�

7HE�ECOLOGICAL�CONSEQUENCES�OF�DISTRIBUTIONAL�SHIFTS�OF�SINGLE�SPECIES�CAN�BE�LARGE��)OR�EXAMPLE THE

CLIMATE�DRIVEN� EXTENSION� OF� URCHINS� HAS� HAD� THE� SAME� ECOLOGICAL� IMPACT� AS� AN� INVASIVE� SPECIES

DEPLETING�KELP�BEDS�AND�LEADING�TO�ROCKY�URCHIN�BARRENS�	/ING�ET�AL������A
��/ARGE�LOBSTERS�CAN�EAT�THE

URCHINS�BUT�ARE�REMOVED�THROUGH�FISHING�	5OBINSON�ET�AL�����
�HOWEVER�THE�ROLE OF�OTHER�SHIFTING�AND

POTENTIALLY�INTERACTING�SPECIES�IS�UNEXPLORED��)OR�EXAMPLE�THE�RANGE�EXTENDING�GLOOMY�OCTOPUS�COULD

BE�REINFORCING�THE�NEGATIVE�IMPACT�OF�THE�URCHIN�BECAUSE�IT�EATS�LARGER�LOBSTERS�	0ARZLOFF�ET�AL������
�

7HIS� ILLUSTRATES� HOW� DISTRIBUTIONAL� SHIFTS� FOR A SINGLE� SPECIES� CAN� HAVE� KNOCK�ON� CONSEQUENCES� ON

ECOSYSTEM�FUNCTIONING AND�HOW�MULTIPLE�SPECIES�SHIFTS�MAY�NEED�TO�BE�CONSIDERED�TOGETHER�

,N�$USTRALIAN�WATERS�MORE�THERE�ARE�SPATIAL�DIFFERENCES�IN�THE�DEGREE�TO�WHICH�SHIFTS�IN�DISTRIBUTIONS

	EITHER�EXPANSION�OR�CONTRACTION
�ARE�OBSERVED�	*ERVAIS�3ECL�ET�AL�IN�PREP
� $S�NOTED�ABOVE�7ASMANIA

IS�THE�MAIN�HOTSPOT�OF�RANGE�SHIFT�OBSERVATIONS�WITH�POLEWARD�RANGE�EXPANSIONS�OBSERVED�IN�����OF

THE�SPECIES�RECORDED�AS�UNDERGOING�CHANGES�IN�DISTRIBUTIONS��,N�EASTERN�$USTRALIAN�WATERS�ALTHOUGH

MANY� SPECIES� ARE� STILL� DOCUMENTED� AS� RANGE� EXTENDING� ���� OF� SPECIES� HAVE� ALSO� SHOWN� RANGE

CONTRACTIONS��,N�WESTERN�$USTRALIA�MOSTLY�RANGE�EXPANSIONS�ARE MOST�FREQUENTLY OBSERVED��0OST�OF�THE

SPECIES�SHIFTING�ARE�TEMPERATE�SPECIES� 2VERALL�$USTRALIA�IS�A�DATA POOR�REGION�IN�THE�SENSE�OF�LACKING

LONG�TERM�STANDARDISED�RESEARCH�SURVEY�DATA��$�RANGE�OF�ALTERNATIVE�DATA�SOURCES�ARE�THEREFORE�USED

TO� DESCRIBE� SPATIAL� DISTRIBUTION�OF� FISH� INCLUDING� CITIZEN� SCIENCE� INITIATIVES� USE� OF� BASELINE� DATA� FOR

HISTORIC�SURVEYS�AND�COMMERCIAL�CATCH�DATA�

7HE�IMPLICATIONS�OF�RANGE�SHIFTS�AND�OTHER�CLIMATE�CHANGE�IMPACTS�FOR�FISHERIES�IN�$USTRALIA�HAVE�BEEN

INVESTIGATED�AND�POTENTIAL�ADAPTATION�OPTIONS�EXPLORED�	3ECL�ET�AL�����
���)URTHER�POLEWARD�SHIFTS�ARE

EXPECTED�	&HAMPION�ET�AL�����B
�AND�WARMER�WATER�MAY�ALSO�INFLUENCE�SEASONALITY� I�E��TIMING�OF

EVENTS�INCLUDING�BREEDING�SPAWNING�MIGRATIONS�ONTOGENETIC�CHANGES�	0UNDAY�ET�AL������
��&HANGES

IN�DISTRIBUTION�OF�SOME�LARGE�MOBILE�SPECIES�PREDATOR�SPECIES�ARE�ALSO�EXPECTED�E�G��7IGER�SHARKS�	3AYNE

ET�AL������
�AND�CROCODILES�

����� 8.�� (UROPE
7HERE�HAVE�BEEN�MANY�EXAMPLES�OF�FISH�DISTRIBUTION�SHIFTS� IN�(UROPE OCCURRING IN�THE�PAST�CENTURY�

7HESE�HAVE�BEEN�PARTICULARLY�WELL�DOCUMENTED�IN�THE�1ORTH�6EA 1ORWEGIAN�6EA�AND�%ARENTS�6EA� ,N

8.�WATERS�STUDIES�HAVE�BEEN�ABLE�TO�MAKE�USE�OF�DATA�HELD�BY THE &ENTRE�FOR�(NVIRONMENT�)ISHERIES

AND�$QUACULTURE�6CIENCE 	&EFAS
 WHICH�WAS�ESTABLISHED�AS�A�FISHERIES�LABORATORY�BACK�IN��������6INCE

THEN�&EFAS�HAS�BEEN�MONITORING�WHERE�WHEN�AND�HOW�MUCH�FISH�ARE�LANDED�IN�8.�PORTS���&EFAS�ALSO

HOLDS� A� SPATIAL� TIME� SERIES� OF� COMMERCIAL� CATCH� PER� UNIT� EFFORT� DATA� FROM� ����� AND� OVER� �����

STATISTICAL�CHARTS�HAVE�BEEN�RECENTLY�DIGITISED�

2VER�THIS�����YEAR�TIME�SCALE�THERE�HAS�BEEN�CHANGES�IN�THE�1ORTH�6EA�WHERE�WARM�WATER�SPECIES

HAVING SMALLER� BODY� SIZES� HAVE� INCREASED� IN� ABUNDANCE� 	6IMPSON�ET� AL�� ����
�� � 7HROUGH� THE���TH

CENTURY� THERE� USED� TO� BE� MASS� MORTALITIES� OF� COMMON� SOLE� IN� THE 1ORTH� 6EA� WHEN� WINTER

TEMPERATURES�DROPPED�	:OODHEAD�����
���6OLE�AVOIDED�THE�SHALLOW�COASTAL�AREAS�IN�COLD�WINTERS�AND

INSTEAD�CONCENTRATED� IN� THE�DEEPER�WATERS� IN� THE�CENTRAL�1ORTH�6EA�� � ,N�MORE�RECENT�YEARS�AS�THE

WINTERS�HAVE�BEEN WARMER�SOLE�HAVE RETREATED�TOWARDS�THE�(NGLISH�&HANNEL�AND�ARE�ABLE�TO�STAY�IN

SHALLOW�WATERS�ALL�YEAR�	(NGELHARD�ET�AL������
���7HE�DISTRIBUTION�OF�PLAICE�HAS�ALSO�CHANGED�IN�THE�PAST

CENTURY�� � ,N�THE���TH CENTURY�THEY�WERE�CONSTRAINED�TO�THE�SOUTH�EAST�1ORTH�6EA�BUT�HAVE�RECENTLY

SHIFTED�TOWARDS�THE�'OGGER�%ANK�AND�THE�NORTH�WEST�1ORTH�6EA�GOING�INTO�DEEPER�WATERS�	(NGELHARD



��

ET�AL������
�� �7URBOT�WHICH�WAS�FORMERLY�DISTRIBUTED�WIDELY�THROUGHOUT�THE�1ORTH�6EA�HAS�ALMOST

DISAPPEARED�FROM�THE�NORTH�EAST�SINCE�THE�����S�	.ERBY�ET�AL������
���,N�THIS�CASE�THEY�MAY�HAVE�BEEN

HEAVILY�DEPLETED�BY� FISHING� RATHER� THAN� CLIMATE� CHANGE�� � 7WO� LESSER� KNOWN�SPECIES� THE� SOLENETTE

	/"'*--$�$/(�'/. /(
 AND�SCALDFISH 	�,)*"'*--/-�'�. ,)�
�HAVE�INCREASED�IN�ABUNDANCE�AND MOVED

NORTH�SINCE�THE�����S�COINCIDING�WITH�MILD�WINTERS�	VAN�+AL�ET�AL������
���$FTER�A�COLD�WINTER�IN�����

THEIR�ABUNDANCE�DECREASED�AND�THEY�RETRACTED�SOUTHWARDS���0ORE�RECENT�TEMPERATURE�CHANGES�THEN

ALLOWED�THEM�TO�INCREASE�IN�ABUNDANCE�AGAIN�

7HERE�HAVE�ALSO�BEEN�COMPLEX�INTERACTIONS�BETWEEN�TEMPERATURE�AND�FISHING�WHICH�DETERMINE�FISH

POPULATION� DYNAMICS� AND� CONSEQUENTLY� SPATIAL� DISTRIBUTIONS�� � )OR� EXAMPLE� $TLANTIC� COD 	���/-

(*,#/�
 WAS�OVERFISHED�IN�THE�EARLY�MID�����S��$S�A�RESULT�FISHING�MORTALITY�WAS�SIGNIFICANTLY�REDUCED

AND�THE�STOCK�BIOMASS�INCREASED�BUT�THE�RECOVERY�HAS�BEEN�SLOW���7HIS�COULD�BE�DUE�TO�LONG�TERM�POOR

RECRUITMENT� BECAUSE� THE� WARMER� WINTERS� SINCE� THE� MID�����S� DONwT� FAVOUR� SUCCESSFUL� COD

REPRODUCTION���6EABASS�EXPANDED�AROUND�THE�8.�IN�THE�EARLY�����S�AND�THIS�WAS�INITIALLY�THOUGHT�TO

BE� RELATED� TO� TEMPERATURE�� � +OWEVER FISHING� MORTALITY� WAS� HIGH WHICH� NEGATIVELY� IMPACTED

RECRUITMENT AND�A�NUMBER�OF�COLDER�WINTERS�IN�THE�LATE�����S�HAS�CAUSED�THE�STOCK�TO�DECLINE�AGAIN�

6QUID�DISTRIBUTION�HAS�BEEN�STUDIED�USING�&EFAS�TRAWL�SURVEYS�FROM������TO������	VAN�DER�.OOIJ�ET�AL�

����
���6UMMER�FISHERIES�FOR�SQUID�HAVE�EXPANDED�RAPIDLY�IN�THE�0ORAY�)IRTH�WHERE�FISHERS�ARE�ABLE

TO�CATCH�SQUID�WHERE�THEY�HAVE�RESTRICTIONS�ON�MORE TRADITIONAL�FINFISH�SPECIES�MANAGED WITH 7OTAL

$LLOWABLE�&ATCHES 	7$&S
���7HE�SURVEY�DATA�HAVE SHOWN�THAT�SQUID�HAS�INCREASED�IN�ABUNDANCE�AND

EXPANDED�THEIR�DISTRIBUTIONAL�RANGE�WITHIN�THE�1ORTH�6EA�� � ,N������THEY�WERE�FOUND�IN�ONLY�����OF

SURVEY�STATIONS�COMPARED�TO�����SURVEY�STATIONS�IN��������2VER�THIS�TIME�PERIOD 667 AND�THE�$TLANTIC

0ULTIDECADAL�2SCILLATION�ARE�VERY�TIGHTLY�ASSOCIATED�WITH�THE�INCREASING�SQUID�ABUNDANCE�

����� 86

:EST�COAST�86�AND�$LASKA
&HANGES�IN�SPATIAL�DISTRIBUTION�OF�FISH�IN�$LASKAN�WATERS�AND�THE�WEST�COAST�OF�THE�CONTINENTAL�8�6�

HAS�USED�THE�9ECTOR�$UTOREGRESSIVE�6PATIO�7EMPORAL�MODEL�	9$67��7HORSON�����A
��7HE�NORTHWARD

CENTER�OF�GRAVITY�	ANALOGOUS�TO�A�CENTROID
�FOR (ASTERN�%ERING�6EA 	(%6
 WALLEYE�POLLOCK�HAS�SHIFTED����

KM�NORTH� FROM�����������AND�NEARLY�����KM�NORTH� FROM�����������WHICH� IS�A�VERY� RAPID� RATE�OF

MOVEMENT� RELATIVE� TO�OTHER�MARINE� FISH��7HE�EFFECTIVE�AREA�OCCUPIED�HAS� INCREASED BY �����SINCE

�����AS�THE�STOCK�HAS�EXPANDED�INTO�THE�1ORTHERN�%ERING�6EA�WHICH�IS�OUTSIDE�THE�STANDARD�SURVEY

AREA�AND�HAS�BEEN�SAMPLED�LESS�FREQUENTLY��0ODEL�BASED�ESTIMATES�OF�SURVEY�ABUNDANCE�ARE�INCLUDED

AS�ALTERNATIVE�MODELS�IN�THE�CURRENT�WALLEYE�POLLOCK�STOCK�ASSESSMENT�	,ANELLI ET�AL������
�IN�ORDER�TO

ACCOUNT� FOR THIS LARGE�SCALE� RE�DISTRIBUTION�� 7HE� DISTRIBUTION� OF� FISH� STOCKS� OFF� THE� 8�6�� WEST� COAST

GENERALLY� HAS BEEN� STABLE�OR� SLOWLY�MOVING� NORTHWARD�WITH� NORTHWARD� SHIFTS�DETECTED� IN���OF� ��

EXAMINED� STOCKS� AND� SEMI�PELAGIC� SPECIES� ARE� SHOWING� MORE� FREQUENT� NORTH�SOUTH� MOVEMENT

	7HORSON�ET�AL������A
���)INALLY�THE�RELATIONSHIP�BETWEEN�ABUNDANCE�AND�EFFECTIVE�AREA�OCCUPIED�	I�E�

THE�xBASINy�HYPOTHESIS�OF�0AC&ALL�����
� IN�THE *ULF�OF�$LASKA�	*2$
 AND (%6 WERE�CONSIDERED� IN A

LARGER�META�ANALYSIS�THAT�INCLUDED�STOCKS�FROM���AREAS�INCLUDING�6OUTH�$FRICA�THE�1ORTH�6EA�AND�THE

NORTHWEST� $TLANTIC�� )OR� EXAMPLE� (ASTERN� %ERING� 6EA� ARROWTOOTH� FLOUNDER� INCREASED� BOTH� THEIR

ABUNDANCE�AND�THEIR�AREA�OCCUPIED��$CROSS�ALL���AREAS�A�����INCREASE�IN�ABUNDANCE�IS�ASSOCIATED�WITH

A������INCREASE�IN�AREA�OCCUPIED�ACROSS�THE���AREAS�EXAMINED�BUT�THIS�RELATIONSHIP�IS�STRONGER�FOR�THE

%ERING�6EA�	7HORSON�ET�AL������B
��$CROSS�REGIONS�FISH�DISTRIBUTIONS�IN�THE (%6 ARE�CHANGING�QUICKLY

WHEREAS THE� 8�6�� WEST� COAST� IS� CHANGING�MORE� SLOWLY�� $CROSS� SPECIES� GADIDS� SHOW� THE� STRONGEST
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SUPPORT�FOR�THE�BASIN�MODEL�AND�RAPID�DISTRIBUTION�SHIFTS�WHEREAS�LONGER�LIVED�ROCKFISHES�SHOW�SLOWER

DISTRIBUTION�RESPONSES�

$� SERIES� OF� SPECIES� DISTRIBUTION� MODELS� HAVE� BEEN� CONSTRUCTED� FOR� VARIOUS� PORTIONS� OF� THE� 1ORTH

$MERICAN� COAST� AND� USED� TO� PROJECT� THE� EFFECTS� OF� FUTURE� CLIMATE� CHANGE�� 7HE� LARGEST� SHIFTS� IN

DISTRIBUTION�ARE�EXPECTED�ALONG�THE�WEST�COAST�OF�8�6��WHERE�THAT�SPATIAL�GRADIENT�OF�TEMPERATURE�IS

RELATIVELY�WEAK�	WITH�THE�CAVEAT�THAT�THIS�AREA�IS�RELATIVELY�DIFFICULT�TO�RESOLVE�IN�CLIMATE�MODELS�DUE�TO

FINE�SCALE�UPWELLING
�	0ORLEY�ET�AL������
�

(AST�COAST�86
6EVERAL�STUDIES�HAVE�BEEN�CONDUCTED�OF�DISTRIBUTION�SHIFTS�OF�MARINE�FISH�ON�THE�EAST�COAST�OF�THE�8�6�

USING� DATA FROM� BOTTOM� TRAWL� SURVEYS� CONDUCTED ANNUALLY BY� THE� 8�6�� 1ATIONAL� 0ARINE� )ISHERIES

6ERVICE��)OR�EXAMPLE�BLACK�BASS�OFF�THE�NORTHEAST�8�6��$TLANTIC�COAST�HAVE�SHIFTED�NORTH�AT�A�RATE�OF���

KM�PER�DECADE�WITH�AN�AVERAGE�FOR�DEMERSAL�SPECIES�IN�THIS�REGION�OF����KM�PER�DECADE�	3INSKY�ET�AL�

����
�� ,N THE�*ULF�OF�0EXICO�A�NORTHWARD�SHIFT� IS�PREVENTED�BY�THE�1ORTH�$MERICAN� LANDMASS�BUT

MARINE�FISH�IN�THIS�AREA�HAVE�SHIFTED�TO�DEEPER�WATER�IN�RESPONSE�TO�INCREASED�TEMPERATURES��&LIMATE

VELOCITIES�	THE�SPEED�AT�WHICH�TEMPERATURE�ISOTHERMS�MOVE
�ARE�A�USEFUL�METRIC�OF�CLIMATE�CHANGE

AND� ARE� AS� FAST� OR� FASTER� IN� MARINE� ENVIRONMENTS� AS� IN� TERRESTRIAL� SYSTEMS� DUE� TO� WEAK� THERMAL

GRADIENTS� IN� THE�OCEAN� 	%URROWS�ET�AL������
��6PECIES�DISTRIBUTION�SHIFTS�ARE� SIGNIFICANTLY� RELATED� TO

CLIMATE�VELOCITIES�WITH�LARGER�CHANGES�IN�DISTRIBUTION�IN�AREAS ASSOCIATED WITH�FASTER�CLIMATE�VELOCITIES

	3INSKY�ET�AL�����
��2N�AVERAGE�CHANGES�IN�THE�DISTRIBUTION�OF�MARINE�FISH�DO�NOT�LAG�BEHIND�THE�CLIMATE

VELOCITIES�IN�THEIR�REGION�ALTHOUGH�THERE�IS�VARIATION�BETWEEN�SPECIES��6TATISTICAL�MODELS�CONDUCTED�TO

IDENTIFY�COVARIATES�	BESIDE�CLIMATE�VELOCITY
�THAT�MIGHT�EXPLAIN�CHANGES�IN�FISH�DISTRIBUTION�IDENTIFIED

THE VON�%ERTALANFFY�.�	I�E��GROWTH�RATE
 PARAMETER AS�BEING�STATISTICALLY�SIGNIFICANT�BUT� IT�HAD� LITTLE

EXPLANATORY�POWER�

9ARIATION�BETWEEN�STOCKS�IN�THEIR�RESPONSE�TO�CHANGES�IN�TEMPERATURE�CAN�REFLECT�DIFFERENCES�IN�LIFE�

HISTORY�TRAITS�AND�RELEVANT�BIOLOGICAL�MECHANISMS��)ISH�STOCKS�OFF�THE�SOUTHEAST�8�6��COAST�CAN�RESPOND

TO� INTERANNUAL� CHANGES� IN� TEMPERATURE� WITH� SPECIES� THAT� PREFER� WARMER� TEMPERATURES� SHOWING

INCREASED�SURVEY�ABUNDANCE�WITH�INCREASED�TEMPERATURE�AND�VICE�VERSA��7HE�MECHANISM�FOR�THESE

CHANGES VARIES BETWEEN�STOCKS��)OR�EXAMPLE�IN�STAR�DRUM�COLD�WINTER�TEMPERATURES�RESULTS�IN�HIGHER

OVERWINTER MORTALITY� OF� JUVENILES� IN� ESTUARIES� WHEREAS� FOR� SMOOTH� DOGFISH� WARMER� WINTER

TEMPERATURES� RESULTS� IN�EARLIER�MIGRATION�NORTHWARD�AND� REDUCED�ABUNDANCE� IN� THE�SOUTHEAST�8�6�

SURVEY�AREA�	0ORLEY�ET�AL������
�

����� 6UMMARY�OF�INSIGHTS�GAINED�BY�COMPARING�EVIDENCE�OF�CHANGING�DISTRIBUTION�FOR�THREE

REGIONS
7HE THREE SECTIONS�ABOVE SUMMARISE THE�MAIN�DISTRIBUTION�CHANGES�FOR�MARINE�SPECIES�IN�THREE FOCAL

REGIONS��$USTRALIA�(UROPE�AND THE 8�6��,N�ALL�THREE REGIONS�THERE�IS�AMPLE�EVIDENCE�THAT�LARGE�SCALE

DISTRIBUTIONAL�CHANGES�HAVE�OCCURRED�FOR�A�MAJORITY�OF MARINE SPECIES�WITH SOME CONSISTENT�PATTERNS

OBSERVED�ACROSS�THESE�THREE REGIONS��,N�$USTRALIA�POLEWARD�SHIFTS�HAVE�BEEN�OBSERVED�ALONG�THE�EAST

COAST�FOR�SEVERAL�MARINE�SPECIES�SUCH�AS�SEA�URCHINS�AND OCTOPUS�WITH�NEGATIVE�CONSEQUENCES�ON�THE

BALANCE�OF� THE�ECOSYSTEM�THEY�MOVE� INTO� 	E�G�� URCHINS� GRAZING�ON�KELP�BEDS�AND�DEPLETED� THEM
�

$LTHOUGH� $USTRALIA� DOES� NOT HAVE LONG�TERM� STANDARDISED� SCIENTIFIC� SURVEYS� SUCH� AS� THE� ONES

ESTABLISHED� IN� (UROPE�OR THE�8�6�� THE�USE�OF� ALTERNATIVE�DATA� SOURCES� SUCH�AS�CITIZEN� SCIENCE� 	I�E�

OBSERVATIONS�FROM�THE�PUBLIC
�ALLOWS�FOR�DETECTING�SPECIES�SHIFTS��2THER�ALTERNATIVE�TECHNIQUES�SUCH�AS

THE�SPATIAL�MODELLING�OF�SUITABLE�HABITAT�AREAS�AS�A�STRONG�PROXY�FOR�A�SPECIES�DISTRIBUTION�ALLOWS�TO

QUANTIFY�AND�PREDICT�FUTURE�CHANGES�
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,N� (UROPE� ANALYSES� OF� LONG�TERM� SURVEY� DATA� HAVE� REVEALED� CHANGES� IN� DISTRIBUTION� FOR� MANY

COMMERCIAL�SPECIES��$S�OBSERVED�IN�$USTRALIA�MANY�OF�THESE�CHANGES�ARE�POLEWARD�SHIFTS��+OWEVER

IN�(UROPE�WHERE�INTENSE�FISHING�EXPLOITATION�HAS�BEEN�GOING�ON�FOR�OVER�A�CENTURY�DISTRIBUTION�CHANGES

ARE�NOT�SOLELY�CLIMATE�RELATED��)OR�SOME�HEAVILY�EXPLOITED�SPECIES�SUCH�AS $TLANTIC COD�DISTRIBUTION

CHANGES�HAVE�BEEN�LINKED�TO�WARMING�BUT�ALSO�FISHING�PRESSURE�TO�SOME�EXTENT��7HE�RECENT�SURVEY�

BASED� ASSESSMENT� OF� DISTRIBUTION� CHANGES� FOR� COMMERCIAL� SPECIES� ACROSS� THE� 1ORTHEAST� $TLANTIC

UNDERTAKEN�BY THE ,NTERNATIONAL�&OUNCIL�FOR�THE�(XPLORATION�OF�THE�6EA 	,&(6
 	,&(6�����
�SHOWED�THAT

MOST�SPECIES�HAVE�SHIFTED�THEIR�DISTRIBUTION�AND�IDENTIFIED�BOTH�TEMPERATURE�	THROUGH�ITS�IMPACT�OF

SUITABLE� HABITAT� AREA
� AND�DENSITY�DEPENDENCE� 	ABUNDANCE� IMPACT� THE� USE�OF� THE� SUITABLE� HABITAT

AVAILABLE
�AS�THE�MAIN�DRIVERS�OF�DISTRIBUTION�WHILE�ACKNOWLEDGING�THAT OTHER�DRIVERS�MAY�BE�AT�PLAY�

,N�THE 86 ANALYSES�OF�RESEARCH SURVEY�DATA�REVEALED�A�DIRECT�LINK�BETWEEN�INCREASE�IN�ABUNDANCE�AND

INCREASE� IN� AREA�OCCUPIED� CONSISTENT�WITH� THE� DENSITY�DEPENDENT� USE� OF� AREAS� OF� SUITABLE� HABITAT

REPORTED�IN�(UROPE��7HIS INDICATES THAT�CLIMATE�INDUCED�CHANGES�IN�SEA�TEMPERATURES�MAY�NOT�BE�THE

ONLY�DRIVER�OF�CHANGE� IN�DISTRIBUTION� /ARGE�SCALE�ANALYSES�OF RESEARCH SURVEY�DATA�SHOWED�SHIFTS� IN

DISTRIBUTION�FOR�A�MAJORITY�OF�SPECIES�WHICH�WERE�MAINLY�POLEWARD�AS�SEEN�IN�$USTRALIA�AND�(UROPE

AND��OR�TOWARDS�DEEPER�WATERS�AS�SEEN�IN�(UROPE��+OWEVER�NOT�ALL�OBSERVED�CHANGES�ARE�POLEWARD

	I�E��UNIDIRECTIONAL
� 7HE�MAJORITY�ARE LINKED CLIMATE�VELOCITY�	I�E��MOVEMENT�OF�ISOTHERMS
�INDICATING

THE OVERARCHING�AND�CROSS�SPECIES�IMPACT�OF�WARMING�

,N�SUMMARY�CHANGES�IN�THE SPATIAL DISTRIBUTION�OF�MARINE�SPECIES�ARE�OBSERVED�ACROSS�THE�GLOBE��7HESE

ARE�OVERALL�IN�A�POLEWARD�DIRECTION�AND�OR SOMETIMES TOWARDS�DEEPER�WATERS��/ONG�TERM�STANDARDISED

RESEARCH SURVEYS ALLOW FOR DETECTING THESE�CHANGES� :HEN�SUCH�DATA ARE NOT�AVAILABLE�ALTERNATIVES DO

EXIST�TO�RECORD�SHIFTS 	E�G��ANGLING�RECORDS�CITIZEN�SCIENCE
��$LTHOUGH�SHIFTS�TOWARDS�THE�POLES�AND�OR

DEEPER�WATERS�ARE OFTEN CONSISTENT�WITH�SHIFTS� TOWARDS�COOLER�WATERS�AS WOULD�BE EXPECTED�UNDER

RISING SEA� TEMPERATURES� MANY� OTHER� DRIVERS� CAN ALSO IMPACT� THESE� DISTRIBUTION� SHIFTS INCLUDING

DENSITY�DEPENDENCE�LOCATION�OF�FISHING�GROUNDS��,NDEED�WHEN�CONSIDERED�INDIVIDUALLY MANY�SPECIES

DO�NOT� CONFORM� TO THE EXPECTED�DISTRIBUTIONAL� RESPONSE WHICH�MAY�BE� DUE� TO� 	I
� IMPACT�OF� OTHER

UNKNOWN�DRIVER�ON�THEIR�DISTRIBUTION� 	II
�A�LACK�OF�DATA�OR�INABILITY�TO�DETECT�DISTRIBUTION�CHANGES�WHICH

MAY� IMPACT� OUR� PERCEPTION� OF� THESE� CHANGES�� AND� 	OR
 	III
� A� COMBINATION� OF� THE� TWO� :HEN

DISTRIBUTIONAL� SHIFTS DO� OCCUR� THE� CONSEQUENCES� SUCH� AS� CHANGES� IN� TROPHIC� INTERACTIONS� AND� THEIR

IMPACT�ON�ECOSYSTEMS�MAY�NOT�BE�FULLY�APPRECIATED�OR�UNDERSTOOD�

��� 0ANAGEMENT�IMPLICATIONS�OF�CHANGING�FISH DISTRIBUTIONS�IN�(8�WATERS
7HE�SPATIAL�DISTRIBUTION�OF�A�FISH�STOCK IS FUNDAMENTAL�TO�HOW�QUOTAS�ARE�DERIVED�AND�ALLOCATED�AMONGST

STAKEHOLDERS�AND�WHICH�NATIONS�PARTAKE�IN�A�GIVEN�FISHERY��7HE TEMPORAL�PERSISTANCE OF�A�STOCK�WITHIN

THE (XCLUSIVE�(CONOMIC�=ONE 	((=
 OF�A GIVEN COUNTRY KNOWN�AS�ZONAL�ATTACHMENT IS�AN� IMPORTANT

CONSIDERATION�IN�THE PROPORTIONAL ALLOCATION�OF�QUOTA�TO�THAT�COUNTRY�	+ANNESSON�����A
� 6USTAINABLE

MANAGEMENT� OF� TRANSBOUNDARY� STOCKS� REQUIRES� INTER�GOVERNMENTAL� NEGOTIATION� AND� COOPERATION

	+ENRIKSEN� AND�+OEL� ����
�� �0ANY� (UROPEAN� FISHERIES� ARE� CURRENTLY�MANAGED� IN� ACCORDANCE�WITH

REGULATIONS� LAID� OUT� IN� THE� (8wS &OMMON� )ISHERIES� 3OLICY 	&)3
�� � 7HE�MAJORITY� OF (8 STOCKS� HAVE

TRANSBOUNDARY�SPATIAL�DISTRIBUTIONS�STRADDLING�THE ((=S�OF�MULTIPLE�NATIONS�BOTH�WITHIN AND�OUTSIDE

THE�(8�	(&�����
� $�7$&�IS�AGREED�UPON�ANNUALLY�FOR�EACH�FISH�STOCK�AND�A�PORTION�OF�THIS�7$&�IS�THEN

ALLOCATED�AS�QUOTA�TO�EACH MEMBER STATE PARTICIPATING IN�THE�FISHERY�	&ARPENTER�ET�AL������
���&ATCH

QUOTAS� ARE� APPORTIONED� TO� EACH� COUNTRY� ACCORDING� TO� THE� RELATIVE� STABILITY� KEY� WHICH� GIVES� FIXED

PROPORTIONS�BY�WHICH�THE�7$&�IS�DIVIDED�AMONGST�THE�NATIONS�PARTICIPATING�IN�FISHERIES�	'ANKEL�ET�AL�
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������+OLDEN�AND�*ARROD�����
��5ELATIVE�STABILITY�IS�LARGELY�BASED�ON�CATCH�RECORDS�FROM���������A

TIME�PERIOD�THAT�PRECEDED�THE�SIGNIFICANT�WARMING�IN�THE�����S�

7HE�CURRENT�(UROPEAN�SYSTEM�OF�FIXED�PROPORTIONAL�ALLOCATIONS�IS WIDELY�RECOGNISED�AS INSENSITIVE TO

VARIOUS�ASPECTS�OF�BOTH�THE�BIOLOGY�OF COMMERCIALLY�EXPLOITED�SPECIES AS�WELL�AS�TO�THE�STRUCTURE�OF�THE

FISHING�INDUSTRY�	+IRST�����
���,N�FUTURE�QUOTA�NEGOTIATIONS�MAY�NEED�TO�ACCOUNT�FOR�NATURAL�VARIABILITY

IN�THE�SPATIAL�DISTRIBUTION�OF�STOCKS�	-ENSEN�ET�AL������
�WHETHER�THEY�ARE�CHANGING�SEASONALLY�OR�AS

PART�OF�SOME�SORT�OF�DIRECTIONAL�TRENDS�OVER�LONGER�PERIODS�OF�TIME�	%AUDRON�AND�)ERNANDES�����
��,F

CHANGES�ARE�NOT�ACCOUNTED�FOR�IN�THE�ALLOCATION�OF�QUOTAS�DISPUTES�MAY�ARISE�BETWEEN�STAKEHOLDERS�

)OR EXAMPLE� BETWEEN� ����� AND� ����� THE� 1ORTHEAST� $TLANTIC� MACKEREL� STOCK� BEGAN� EXPANDING

NORTHWARDS� INTO� ,CELANDIC� WATERS� 	+ANNESSON� ����B
�� 7HIS� RESULTED� IN� A� DISPUTE� BECAUSE� THE

GOVERNMENT� OF� ,CELAND� UNILATERALLY� SET� THEMSELVES� A� QUOTA� FOR� MACKEREL� BASED� ON� ITS� SPATIAL

DISTRIBUTION�SHIFTING�INTO�THEIR�TERRITORIAL�WATERS�DESPITE�HAVING�NO HISTORICAL�TRACK�RECORD IN�THE�FISHERY

	'ANKEL�ET�AL��������-ENSEN�ET�AL������
��2THER�STAKEHOLDERS�IN�THE�FISHERY�WHO�HAD�NEGOTIATED�QUOTA

SHARE�THROUGH�THE�1ORTH�(AST�$TLANTIC�)ISHERIES�&OMMISSION�SUBSEQUENTLY�BEGAN�TO�WITHDRAW�FROM

ASSOCIATED�ARRANGEMENTS�� ,N�THIS�CASE�FIXED�PROPORTIONAL�ALLOCATIONS�UNDER THE�PRINCIPLE�OF RELATIVE

STABILITY� WERE� NOT� ACCEPTED� BY THE NEW� ENTRANT� TO� THE� FISHERY BUT� INSTEAD BASED� ON� WHAT� THEY

PERCEIVED� AS� A� RESOURCE THAT�WAS� AVAILABLE� $� SYSTEM BY�WHICH QUOTA IS ALLOCATED THAT� TAKES� INTO

ACCOUNT RECENT CHANGES�IN�FISH�STOCK�DISTRIBUTIONS - )-/ ZONAL�ATTACHMENT WOULD�BE A�MORE EQUITABLE

OUTCOME� +OWEVER�IT�WOULD�BE�INHERENTLY�VARIABLE�WHICH�IS�PROBLEMATIC�TO�THE�FISHING�INDUSTRY�WHICH

LIKES�TO�BE�ABLE�TO�PLAN�FOR�THE�FUTURE�WITH�A�HIGH�DEGREE�OF�CERTAINTY�

��� 0ETHODS USED�FOR�ANALYSIS�OF DISTRIBUTIONAL�DATA�FOR�FISH
$�VARIETY�OF�METHODS�HAVE�BEEN�USED�TO�DETECT�WHETHER�DISTRIBUTION�SHIFTS�ARE�OCCURRING�AND�TO�MODEL

PAST� AND� FUTURE� CHANGES� IN� SPECIESw� DISTRIBUTIONS��'ISTRIBUTION� SHIFTS� ENCOMPASS� SEVERAL� ECOLOGICAL

PROCESSES�INCLUDING�EXTIRPATION�AT�THE�TRAILING�EDGE ESTABLISHMENT�AND�PERSISTENCE AT�THE�LEADING�EDGE

AND�DIFFERENTIAL� CHANGES� IN� THE� SPATIAL� DISTRIBUTION�OF� POPULATION� ABUNDANCE�WITHIN� A� GIVEN� RANGE�

0ETHODS� USED� TO�MEASURE� AND� PREDICT� HOW� FISH� DISTRIBUTIONS� CHANGE� ARE� OFTEN� CLASSED� AS� EITHER

CORRELATIVE� WHICH� LOOK� AT� STATISTICAL� LINKS� BETWEEN� A� SPECIESw� RANGE� AND ITS� ENVIRONMENT� OR

MECHANISTIC�WHICH�LOOK�MORE�INTO�PHYSIOLOGICAL�TRAITS�AND�HOW�THESE�MAY�AFFECT�FUTURE�GEOGRAPHIC

RANGES��*IVEN�THAT�SPECIES�DISTRIBUTION�MODELS�PROVIDE�THE�CAPACITY�TO�UNDERTAKE�RETROSPECTIVE�AS�WELL

AS�PROSPECTIVE�ASSESSMENTS�OF�FISH DISTRIBUTIONS� IT� IS� IMPORTANT�TO�CONSIDER�HOW�THESE�QUANTITATIVE

TOOLS�CAN�BE�USED�TO�MEASURE�DISTRIBUTION�CHANGES�IN�FOR�EXAMPLE�SPECIES�RANGE�EDGE�OR�CORE�HABITATS

	&HAMPION� ET� AL� ����A
�� ,T� IS� ALSO� IMPORTANT� TO� DISCUSS� APPROACHES� AND� DATA� REQUIREMENTS� FOR

ADDRESSING�THESE�CONSIDERATIONS�IN�ORDER�TO�STIMULATE�INNOVATION�AND�PROGRESS�

����� (MPIRICAL MEASURES�OF SPECIES DISTRIBUTION
7HERE�ARE�A�NUMBER�OF�EMPIRICAL�SPATIAL�STATISTICS�OR�INDICES�WHICH�MAY�BE�DERIVED�FROM RESEARCH SURVEY

DATA�WHICH�CAPTURE�PATTERNS�OF�FISH�DISTRIBUTION�	:OILLEZ�ET�AL������
��&ENTRES�OF�GRAVITY�REPRESENT�THE

WEIGHTED� AVERAGE� LATITUDE� AND� LONGITUDE� OF� BIOMASS� OR� PRESENCE� WHEREAS� THE� EDGES� OF� THE

DISTRIBUTION� CAN� BE� QUANTIFIED� WITH� A� PERCENTILE� 	E�G�� �ST� OR� �TH
� OF� THE� DISTRIBUTION� OF

LATITUDE�LONGITUDE��$NOTHER�EMPIRICAL�METRIC�IS�THE�AREA�OCCUPIED�BY�A�GIVEN�PERCENTILE�OF�THE�STOCK

WHICH�MAY�CHANGE�INDEPENDENTLY�OF�THE�LOCATION�OF�THE�CENTROID��6TATISTICAL�METHODS�FOR�EVALUATING

WHETHER� DISTRIBUTIONS� HAVE� CHANGED� OVER� TIME� INCLUDE� SIMPLE� MEASURES� OF� TEMPORAL� TRENDS� AND

INTERANNUAL�VARIABILITY�AND�THEIR� RELATION�TO�ENVIRONMENTAL� FACTORS� (MPIRICAL�DISTRIBUTION� FUNCTIONS

	(')S
 CAN�BE�CONSTRUCTED�FOR�A�SPECIES�DISTRIBUTION�IN�A�SINGLE�YEAR�OR�SET�OF�YEARS�AND�CHANGES�IN�THE

(')S OVER� TIME� CAN� BE� EVALUATED�� &HANGING� SURVEY� FOOTPRINTS� CAN� COMPLICATE� THE� EMPIRICAL
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MEASUREMENT�OF�SPECIES�DISTRIBUTION��7RIMMING�THE�DATA�TO�PRODUCE�A�TEMPORALLY�CONSISTENT�DATASET

OR� USING� EMPIRICAL� METRICS� THAT� ACCOUNT� FOR� DIFFERENTIAL� SAMPLING� RATES AMONG� SURVEY� STRATA� BY

WEIGHTING�EACH�OBSERVATION�IN�ACCORDANCE�TO�THE�SPATIAL�AREA�IT�REPRESENTS�	3ERRY���6MITH�����
�CAN

REMEDY�THIS�ISSUE��,N�MORE�EXTREME�CASES�OF�YEARS�AND�OR�AREAS HAVING NO�OBSERVATIONS�MODEL�BASED

MEASURES�OF�DISTRIBUTIONS�CAN�BE�USED�FILL�IN�GAPS�	7HORSON�ET�AL������
�

����� +ABITAT SUITABILITY MODELS
+ABITAT�SUITABILITY�MODELS�PROVIDE�VALUABLE�INFORMATION�ON�AREAS�OF�SUITABLE�ENVIRONMENTAL�CONDITIONS

RELATIVE�TO�AREAS�OF�UNSUITABLE�CONDITIONS�FOR�A�GIVEN�SPECIES�IN�SPACE�AND�TIME�	(LITH�AND�/EATHWICK

����
��6PATIAL�PROJECTIONS�FROM�THESE�MODELS�ARE�COMMONLY�PRODUCED�ON�A�CONTINUOUS�SCALE�	E�G��FROM

��TO��
�REQUIRING�THE�IDENTIFICATION�OF�VALUES�THAT�ARE�REPRESENTATIVE�OF�SPECIES�RANGE�EDGES�OR�CORE

HABITATS�TO�MEASURE�DISTRIBUTION�CHANGES�THROUGH�TIME��2NE�APPROACH�TO�ADDRESSING THIS�CHALLENGE

INVOLVES�THE�USE�OF�SPECIES�OCCURRENCE�RECORDS�INDEPENDENT�OF�THOSE�USED�TO�TRAIN�THE�INITIAL�HABITAT

MODEL��%Y�PLOTTING�THESE�AGAINST�HABITAT�PROJECTIONS HAVING�DAILY�RESOLUTION�HABITAT�SUITABILITY�VALUES

THAT�REFLECT�CONSERVATIVE�AND�ECOLOGICALLY�REALISTIC�ESTIMATE�OF�RANGE�BOUNDARIES�AND�CORE�HABITATS�CAN

BE�OBTAINED�	&HAMPION�ET�AL������A
��&ITIZEN�SCIENCE�DATABASES�THAT�AIM�TO�MONITOR�SPECIES�AT�THE

EDGES�OF�THEIR�DISTRIBUTION�OR�IDENTIFY�SPECIES�SHIFTING�INTO�NOVEL�HABITATS�ARE�LIKELY�TO�PROVE�PARTICULARLY

VALUABLE�FOR�THIS�PURPOSE�	E�G� WWW�REDMAP�ORG�AU�6ECTION������
�

)UTURE�PROJECTIONS�OF�SPECIESw�PREFERRED�ENVIRONMENTAL�HABITATS�ARE�PARTICULARLY�USEFUL�FOR�INFORMING

CLIMATE�ADAPTATION�OPTIONS�	+OBDAY�ET�AL������
��+OWEVER�THE�UPTAKE�OF�INFORMATION�PRESENTED�IN

FUTURE�HABITAT�PROJECTIONS�REQUIRES�EFFECTIVE�COMMUNICATION�OF�THEIR�OUTPUTS THAT�ARE TAILORED�FOR�END

USERS AND� RELEVANT� TO TIME�SCALES ASSOCIATED� WITH� DECISION�MAKING�� :HEN� PROJECTING� THE� FUTURE

DISTRIBUTIONS�OF�VALUABLE�TARGET�SPECIES�A�USEFUL�METRIC�IS�THE�TEMPORAL�PERSISTENCE�	E�G��MONTHS�PER

YEAR
� OF� SPECIESw� SUITABLE� ENVIRONMENTAL� CONDITIONS� IN� SPATIALLY� EXPLICIT� REGIONS� 	&HAMPION� ET� AL�

����B
��)OR�EXAMPLE�IT�HAS�BEEN�PROPOSED�THAT�THE�DURATION�OF�ENVIRONMENTAL�HABITAT�PERSISTENCE�IN

SPATIALLY� EXPLICIT� DOMAINS� CAN� BE� CONSIDERED� ANALOGOUS� TO� ECOLOGICAL SOCIAL� AND� ECONOMIC

OPPORTUNITIES 	&HAMPION�ET�AL������B
�

(COLOGICALLY�THE�TEMPORAL�PERSISTENCE�OF�SUITABLE�HABITAT�WITHIN�NOVEL�ENVIRONMENTS�IS�A�CRITICAL�FACTOR

INFLUENCING�RANGE�SHIFTING�SPECIES��%ATES  .��'� 	����
�PROPOSED�THAT�CLIMATE�DRIVEN�RANGE�EXTENSIONS

OCCUR�AS�A�SEQUENCE�OF�ARRIVAL�POPULATION�INCREASE�AND�PERSISTENCE�AND�THAT�CONFIDENCE�IN�SPECIES

RANGE�CHANGE�ALSO�INCREASES�AS�vESTABLISHMENTw�PROGRESSES�ACROSS�THIS�SPECTRUM��7HEREFORE�INCREASED

TEMPORAL�PERSISTENCE�OF� SUITABLE�ENVIRONMENTAL�HABITAT� AT� SPECIES� RANGE�EDGES� INDICATES� A� GREATER

OPPORTUNITY� FOR� INDIVIDUALS� TO� PROGRESS� THROUGH� CRITICAL� LIFE�HISTORY� STAGES� ALLOWING� FOR� POPULATION

INCREASES�AND�ULTIMATELY�THE�ESTABLISHMENT�OF�SPECIES�IN�NOVEL�ENVIRONMENTS�	/ING  .��'������B
�

6OCIALLY�AND�ECONOMICALLY CHANGES� IN� THE�TEMPORAL�PERSISTENCE�OF�SUITABLE�HABITATS� FOR�VALUABLE�OR

ICONIC�SPECIES�MAY�EQUATE�TO�SHIFTS�IN�COMMERCIAL�AND�RECREATIONAL�FISHING�OPPORTUNITIES 	&HAMPION�ET

AL� ����B
��6IMILARLY�THE�ECONOMIC�PROFITABILITY�OF�TOURISM�VENTURES�SUCH�AS�CHARTER�FISHING�OPERATIONS

OR� 6&8%$�DIVING� TOURS�MAY� BE� AFFECTED� BY� THESE� CHANGES��:HEN� COMMUNICATED� AS� A�MEASURE� OF

OPPORTUNITY�FUTURE�PREDICTIONS�OF�TEMPORAL�HABITAT�PERSISTENCE�CAN�PROVIDE�A�QUANTITATIVE�BASIS�FOR

THE� DEVELOPMENT� OF� CLIMATE� CHANGE� ADAPTATION� STRATEGIES�� )OR� EXAMPLE� PREDICTIONS� OF� INCREASED

HABITAT�PERSISTENCE�FOR�COMMERCIALLY�VALUABLE�SPECIES�MAY�SUPPORT�GREATER�INVESTMENT�FROM�FISHERS

SUCH� AS� THE� PURCHASE� OF� GEAR� OR� LICENCES� WHEREAS� PREDICTED� DECLINES� IN� HABITAT� PERSISTENCE�MAY

INDICATE�A�POTENTIAL�NEED�TO�DIVEST�OR�DIVERSIFY 	&HAMPION�ET�AL� ����B
�
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6IMILAR MODELLING APPROACHES�HAVE�BEEN�USED�IN�A�NUMBER�OF�(UROPEAN�STUDIES�IN�RECENT�YEARS��)OR

EXAMPLE�FUTURE�DISTRIBUTIONAL�CHANGES�OF�A�NUMBER�OF�COMMERCIALLY�EXPLOITED SPECIES�WERE�MODELLED

USING�AN�ENSEMBLE�OF�THREE�DISTRIBUTION�MODELS�WHICH�PREDICTED�THAT�SOME�WARM�AFFINITY�SPECIES�SUCH

AS�SQUID�SEA�BASS�AND�PILCHARD�WOULD�SEE�AN�INCREASE�IN�THEIR�SUITABLE�HABITAT�BY�THE�MIDDLE�OF�THE

CENTURY�AND�WOULD�HAVE�A�LATITUDINAL�SHIFT�AROUND�THE�8.�OF�HUNDREDS�OF�KILOMETRES�	'EFRA�����
�

7HE�STUDY�WHICH�USED�GLOBAL�CLIMATE�CHANGE�PROJECTIONS�PREDICTED�THAT�COLDER�AFFINITY�SPECIES�SUCH

AS� HALIBUT� AND� COD�WOULD� SEE� A� SHRINKING� OF� THEIR� SUITABLE� HABITAT� LEADING� TO� A� NORTHWARD� SHIFT� IN

DISTRIBUTION�� � /ENOIR� ET� AL�� 	����
� ALSO� MODELLED� 	USING (COLOGICAL� 1ICHE� 0ODELS
� �� COMMERCIALLY

EXPLOITED�SPECIES�IN�THE�1ORTHEAST�$TLANTIC�PREDICTING�A�TREND�OF�POLEWARD�MOVEMENTS�OF�SPECIES�WITH

DISTRIBUTIONS�GENERALLY�TRACKING�FAVOURABLE CLIMATIC�CONDITIONS�TO�VARYING�DEGREES�

����� *ENERALIZED ADDITIVE MODELS
*ENERALIZED� ADDITIVE� MODELS 	*$0S
 ARE� WIDELY� USED� TO� INFER� THE RELATIONSHIPS� BETWEEN

ENVIRONMENTAL�DISTRIBUTIONS�AND�STOCK�DISTRIBUTIONS��*$0S�DEVELOPED�IN�THE�(ASTERN�86�HAVE�FOCUSSED

ON�DELTA�MODELS�WHICH�COMBINE�THE�MODELING�OF OCCURRENCEWITH�THE�MODELING�OF�BIOMASS�CONDITIONAL

ON OCCURRENCE��(ACH�OF�THESE�TWO�MODELING�STAGES�INCORPORATE�COVARIATES�SUCH�AS�BOTTOM�AND�SURFACE

TEMPERATURES�SEAFLOOR�RUGOSITY�AND�SEDIMENT�GRAIN�SIZE��7HESE�TYPES�OF�MODELS�HAVE�BEEN�APPLIED�TO

MARINE�STOCKS�IN�BOTH�$TLANTIC�AND�3ACIFIC�8�6��WATERS�BASED�ON�SEVERAL�REGION�SPECIFIC�TRAWL�SURVEYS

	0ORLEY�ET�AL������
��&ASES�WHERE�THE�MODELS�GIVE�UNREALISTIC�PREDICTIONS�OF�DISTRIBUTIONS�CAN�OCCUR

BECAUSE�THE�SIMPLE�CORRELATIVE�APPROACH�MAY�NOT�ACCOUNT�FOR�ONTOGENETIC�CHANGES�IN�HABITAT�USE��)OR

EXAMPLE� GRAY� SNAPPER� OFF� THE� 8�6�� EAST� COAST� OVERWINTERS� IN� ESTUARIES� AS� JUVENILES� BUT� THE

TEMPERATURES� EXPERIENCED� IN� THESE� ESTUARIES� WOULD� NOT� BE� TYPICALLY� ENCOUNTERED� WHEN� JUVENILES

MATURE�AND�MOVE�TO�THEIR�ADULT�HABITATS��7HESE�COMPLEXITIES�CAN�BE�ADDRESSED�BY�MECHANISTIC�MODELS

TAILORED�FOR�EACH�SPECIES��6OME�ASSUMPTIONS�OF�EITHER�CORRELATIVE�OR�MECHANISTIC�STATISTICAL�MODELS�FIT

TO�EMPIRICAL�DATA�ARE���
�THE�REALIZED�NICHE�RATHER�THAN�THE�FUNDAMENTAL�NICHE�IS�BEING MODELLED 	WITH

THE� REALIZED� NICHE� BEING� INFLUENCED� BY� SPECIES� INTERACTIONS� FISHING� ETC�
�� AND� �
� THE� SPATIAL

DISTRIBUTIONS�ARE�IN�EQUILIBRIUM�WITH�THE�ENVIRONMENT�WITH�THE�RELATIONSHIPS�BETWEEN�DISTRIBUTIONS

AND�THE�ENVIRONMENT�NOT�CHANGING�OVER�TIME�

+IGH�RESOLUTION DOWNSCALED�CLIMATE�PROJECTIONS� FOR�THE�NORTH�WEST�(UROPEAN�SHELF�HAVE ALSO BEEN

USED�IN�MODELLING�SIMILAR�SPECIES��)OR�EXAMPLE A�*$0�TRAINED�ON�1ORTH�6EA�FISH�INDICATED�THAT�SOME

OF THE�SPECIES�HAD�MOVED�AS�FAR�DEEP�AS�THEY�WERE�ABLE�AND�IN�FACT�THEY�WILL�BE�CONSTRAINED�MORE�BY

DEPTH�IN�THE�FUTURE�THAN�TEMPERATURE�	5UTTERFORD�ET�AL������
���7HESE�DOWNSCALED�PROJECTIONS�HAVE

ALSO�BEEN�NESTED�WITHIN�GLOBAL�CLIMATE�MODEL�OUTPUTS�TO�LOOK�AT�SPECIES�WHICH�ARE�MORE�WIDESPREAD

THAN�ONLY�(UROPE�SHOWING�THAT�MANY�NON�NATIVE�SPECIES�AND�HARMFUL�ALGAL�SPECIES�MAY�BE�ABLE TO

SPREAD� FURTHER� AROUND� NORTH�WEST� (UROPE� THAN� CURRENTLY� 	7OWNHILL� ET� AL�� ������ ����
�� � )UTURE

DEVELOPMENTS� OF� THESE�MODELS� WILL� BE�MADE� AS�MORE� CLIMATE� SCENARIOS� ARE�MODELLED� AND�MORE

PARAMETERS�ARE�ADDED�SUCH�AS�OXYGEN�AND�P+���7HE�ADDITION�OF�BENTHIC�SUBSTRATES�WILL�FURTHER�SHOW

CONSTRAINTS� TO� SPECIES� SHIFTS�AND� INCLUDING� TROPHIC� LEVELS�AND� TRAITS� RATHER� THAN�ONLY� SINGLE� SPECIES

SHIFTS�WILL�HELP�US�UNDERSTAND�FOODWEB�INTERACTIONS�AND�OTHER�LIMITATIONS�TO�SPECIES�SHIFTS�

����� &LIMATE ATTRIBUTION�AND SKILL TESTING
,N�$LASKA�SPATIO�TEMPORAL�MODELS�HAVE�BEEN�USED�TO�ESTIMATE�POPULATION�DENSITY�FOR�MULTIPLE�SPECIES

TIMES� AND� LOCATIONS� AND� THESE MODEL�DERIVED ESTIMATES� CAN� BE� USED� AS� A� xCOMMON� CURRENCYy

CAPTURING�THE STOCK�ECOSYSTEM�HABITAT�AND�CLIMATE�ASSESSMENTS� 6PATIO�TEMPORAL�MODELS HAVE BEEN

USED�AS�A�SPATIAL�xMODEL�OF� INTERMEDIATE�COMPLEXITYy�ESTIMATING�BIOLOGICAL�REFERENCE�POINTS�STOCK

STATUS�AND�SPECIES�INTERACTIONS�WHEN�FITTING�TO�SPATIAL�SURVEY�DATA�FOR�FOUR�SPECIES�IN�THE *2$���&LIMATE



��

ATTRIBUTION�ANALYSIS�	I�E��THE�IMPACT�OF�MULTIPLE�CAUSAL�DRIVERS�FOR�DISTRIBUTION�SHIFTS�ARE�ANALYZED
�HAS

BEEN�APPLIED�TO�$LASKA�POLLOCK�WHERE�SIZE�STRUCTURE�AND�TEMPERATURE�ARE�NOT�SUFFICIENT�IN�ISOLATION�TO

EXPLAIN�THE�����KM�NORTHWARD�SHIFT�IN�THIS�STOCK�	7HORSON�ET�AL������
��5ETROSPECTIVE�SKILL�TESTING�WAS

EVALUATED� FOR� TWENTY� SPECIES� IN� THE (%6 TO� DETERMINE� MODEL� PERFORMANCE� RELATIVE� TO� A� NULL

	PERSISTENCE
�FORECAST���7HIS�SKILL�TEST�SHOWED�THAT�A�HABITAT�ENVELOPE�MODEL�HAS�WORSE�PERFORMANCE

THAN� A� PERSISTENCE� FORECAST� WHILE� A� REGRESSION� OF� CENTER�OF�GRAVITY� ON� ENVIRONMENTAL� CONDITIONS

EXPLAINS������OF�VARIANCE�AND�A�SPATIO�TEMPORAL�MODEL�EXPLAINS�������OF�VARIANCE�	7HORSON�����B
�

8SE�OF� SKILL�TESTING�AS� A�DEVELOPMENT� TOOL� AND� TEST�BED� FOR� IDENTIFYING�METHODS� THAT� ARE�USEFUL� TO

FORECAST�DISTRIBUTION�SHIFTS�IN�A�GIVEN�MANAGEMENT�CONTEXT�IS�RECOMMENDED�

����� &ITIZEN�SCIENCE INITIATIVES
$USTRALIA� HAS� A� LARGE� COASTAL� POPULATION�WITH�MANY� $USTRALIANS� ACTIVELY� ENGAGED� IN� FISHING� AND�OR

DIVING�� 7O� TAKE� ADVANTAGE� OF� THIS� A� NATIONAL� CITIZEN� SCIENCE� PROJECT� CALLED� 5EDMAP� OR� THE� 5ANGE

(XTENSION�'ATABASE�AND�0APPING�PROJECT�	HTTP���WWW�REDMAP�ORG�AU�
 WAS�DEVELOPED��7HIS�PROJECT

ALLOWS�$USTRALIANS�TO�SHARE�SIGHTINGS�OF�MARINE�SPECIES�THAT�ARE�UNCOMMON�IN�THEIR�LOCAL�SEAS��2VER

TIME� 5EDMAP� USES� THIS� SOURCE� OF� xCITIZEN� SCIENCEy� DATA� FROM� FISHERS� AND� DIVERS� TO� MAP� WHICH

$USTRALIAN�MARINE�SPECIES�MAY�BE�EXTENDING�THEIR�DISTRIBUTION�RANGE� IN�RESPONSE�TO�CHANGES� IN� THE

MARINE� ENVIRONMENT� INCLUDING� OCEAN� WARMING� 7O� ENSURE� QUALITY� EACH� OBSERVATION� SUBMITTED� IS

INDEPENDENTLY VERIFIED�BY�THE�SCIENTIFIC�EXPERT�FOR�THE�GIVEN�SPECIES�	3ECL�ET�AL�IN�REVIEW
�

����� 2THER METHODS
'YNAMIC� (NERGY� %UDGET 	'(%
 MODELS� ARE� ANOTHER� WAY� TO� INCLUDE� PHYSIOLOGICAL� PROCESSES� WHEN

ACCOUNTING�FOR CHANGING�xSEASCAPESy�OF ENVIRONMENTAL�CONDITIONS 	.OOIJMAN�����
��'(%S HAVE�BEEN

USED�TO�PREDICT�SIZE� AND�SEASON�SPECIFIC�FISH�DISTRIBUTIONS�BASED�ON�TEMPERATURE�AND�FOOD�CONDITIONS�

)OR�EXAMPLE '(%S�WERE�USED�TO�IDENTIFY COASTAL�ZONES THAT HAVE�BECOME�UNSUITABLE�FOR�JUVENILE�1ORTH

6EA� PLAICE� IN� RECENT� DECADES� 	7EAL� ET� AL�� ����
� $EROBIC� SCOPE� MODELS� CONSIDER� FUTURE� HABITAT

SUITABILITY�BY�EXAMINING� THE� RELATIONSHIP�BETWEEN�AEROBIC� SCOPE�AND� THE�ENVIRONMENT� 	7EAL� ET� AL�

����
���&UCCO�ET�AL��	����
�USED�AEROBIC�SCOPE�MEASUREMENTS�AND�OXYGEN�PROJECTIONS�TO�PREDICT�THE

SUITABLE�HABITAT� FOR� FLATHEAD�GREY�MULLET� IN� THE�0EDITERRANEAN�AND�0ARRAS�ET�AL�� 	����
� LOOKED�AT

FUTURE� THERMAL� HABITAT� IN� A� NATIVE� SPECIES ��,+�� -�,+�� AND� AN� INVASIVE� RABBITFISH� IN� THE

0EDITERRANEAN� ,NDIVIDUAL�BASED�MODELS 	,%0S
 FOCUS�ON�INDIVIDUALS�OR�GROUPS�AND�THEIR�INTERACTIONS

WITH�THE�ENVIRONMENT�	'E$NGELIS�AND�*RIMM�����
���)OR�EXAMPLE�AN�,%0�HAS�BEEN�PARAMETERISED

FOR�THE�WESTERN�COMPONENT�OF�THE�NORTH�EAST�$TLANTIC�MACKEREL�STOCK�	%OYD�ET�AL������
���/ARVAL�COD

GROWTH�AND�SURVIVAL�HAS�BEEN�MODELLED�TO�THE�END�OF�THE�CENTURY�SUGGESTING�A�DECLINE�IN�SURVIVAL�AND

INCREASED�LARVAL�METABOLIC�COSTS�	.RISTIANSEN�ET�AL������
���6EABASS�HAS�ALSO�BEEN�MODELLED�USING�AN

,%0�TO�INVESTIGATE�THE�FACTORS�AFFECTING�SEA�BASS�SETTLEMENT�ON�NURSERY�GROUNDS�OF�THE�NORTHERN�SEA

BASS� STOCK� 	%ERAUD� ET� AL�� ����
�� � 7HE�MODEL� PREDICTED� THAT� LARVAL� DURATION� WAS� DRIVEN� BY� WATER

TEMPERATURE�SHOWING�AN�INCREASE�IN�DURATION�FROM�THE�SOUTH�WEST�TO�NORTH�EAST�AREAS�OF�THE�NORTHERN

SEA�BASS�STOCK�

� &LIMATE�CHANGE�IMPACTS�ON�INDIVIDUAL�FISH�GROWTH
$�STRONG BODY�OF�KNOWLEDGE�UNDERPINS�OUR�PHYSIOLOGICAL�UNDERSTANDING�OF�THE 7EMPERATURE�SIZE�RULE

	765
�WHICH�PROPOSES�THAT�JUVENILE�GROWTH�RATES�ARE�HIGHER�IN�WARMER�WATERS�DUE�TO�HIGHER�METABOLIC

RATES�WITH RAPID�EARLY�GROWTH�LEADING�TO�A�LOWER�MAXIMUM�	ADULT
�SIZE�AT�AGE�	'AUFRESNE�ET�AL������

)ORSTER�AND�+IRST�����
��(VIDENCE�OF�THE�765�IS�STRONGEST�FOR�AQUATIC�ECTOTHERMS�	)ORSTER�ET�AL������
�

6EVERAL� INTER�LINKED� PROPOSITIONS� RELATED� TO� THE� 765� CAN� BE� MADE� FOR� ECTOTHERMS� IN� WARMING

ECOSYSTEMS��)IRST�FOR�A�GIVEN�POPULATION�THE�DECREASE�IN�MAXIMUM�BODY�SIZE�WILL�COINCIDE�WITH�THE



��

PERIOD� OF� WARMING�� 6ECOND� THE� UNIVERSALITY� OF� THE� 765� IMPLIES� THAT� A� SYNCHRONOUS� DECREASE� IN

MAXIMUM�BODY� SIZE� SHOULD� BE� DETECTABLE� IN�MULTIPLE� POPULATIONS� OCCUPYING� THE� SAME� ECOSYSTEM

	6ECTION� �����
�� *ROWTH� RATES� ARE� ALSO� IMPACTED� BY� OTHER� FACTORS� INCLUDING� FOOD� AVAILABILITY� AND

DENSITY�� 8NLIKE� TEMPERATURE� THESE� FACTORS� TEND� TO� VARY� ASYNCHRONOUSLY� ACROSS� CO�OCCURRING

POPULATIONS�� 7ESTING� FOR� A� COHERENT� 	I�E�� CONSISTENT� WITH� ESTABLISHED� PHYSIOLOGY� AND� UBIQUITOUSLY

OBSERVED
�BIOLOGICAL�RESPONSE�ON�A�GLOBAL�SCALE�REQUIRES�STANDARDISED�DATA�COLLECTED�ON�TIME�SCALES

THAT� ARE� LONG� ENOUGH� TO� BE� IMPACTED� BY� CLIMATE� CHANGE 	6ECTION� ���
 AND� CONSISTENT� ANALYTICAL

METHODOLOGY�	6ECTION����
�

��� 5EVIEW�OF�CLIMATE�IMPACTS�ON�INDIVIDUAL�GROWTH�RATES

����� $USTRALIA
7HE�WATERS�OF�SOUTH�EAST�$USTRALIA�HAVE�RAPIDLY�WARMED�OVER�THE�LAST����YEARS 	5IDGWAY������6HEARS

AND� %OWEN� ����
� AND� RECENTLY� EXPERIENCED� A� MARINE� HEATWAVE� OF� UNPRECEDENTED� MAGNITUDE

INTENSITY�AND�DURATION 	2LIVER�ET�AL������
��7HESE�CHANGING�CONDITIONS�HAVE�HAD�A�SIGNIFICANT�IMPACT�ON

THE�REGIONwS�FISH�AND�FISHERIES�MOST�UBIQUITOUSLY�SEEN�IN�THE�NUMBER�AND�EXTENT�OF�SPECIESw�DISTRIBUTION

SHIFTS�	6ECTION������
��:ARMING�WATERS�HAVE�ALSO�DIRECTLY�	VIA�PHYSIOLOGICAL�PATHWAYS
�OR�INDIRECTLY�	VIA

ALTERATIONS� IN� FOOD�WEBS�OR� SPECIES� INTERACTIONS
� IMPACTED�ON� THE�GROWTH�OF� SOUTH�EAST�$USTRALIAN

MARINE�FISHES 	E�G��7HRESHER�ET�AL�������1EUHEIMER�ET�AL�������0ORRONGIELLO�AND�7HRESHER�����
��,T

IS�HOWEVER�IMPORTANT�TO�ACKNOWLEDGE�THAT�THE�REGION�SUSTAINS�MAJOR�COMMERCIAL�FISHERIES 	7ILZEY�AND

5OWLING�����
�AND�ELEVATED�MORTALITY�RATES�ASSOCIATED�WITH�HARVEST�CAN�SELECT�FOR�FASTER�LIFE�HISTORIES

	5OFF������/AW�����
��'ISENTANGLING�THE�RELATIVE�IMPORTANCE�OF�WARMING�AND�HARVEST�CAN�BE�DIFFICULT

AS�BOTH�STRESSORS� SELECT� FOR�ELEVATED� JUVENILE�GROWTH�AND�OVERALL� SMALLER�BODY�SIZE�AND�CAN�ACT� IN

SYNERGY 	:APLES�AND�$UDZIJONYTE������0ORRONGIELLO�ET�AL��ACCEPTED
��5EGARDLESS�OF�THE�DRIVER�A�SHIFT

TO�SMALLER�FISH�HAS�IMPLICATIONS�FOR�THE�STRENGTH�AND�DIRECTION�OF�SPECIES�INTERACTIONS 	$UDZIJONYTE�ET

AL������
�AND�THE�REGIONwS�FISHERIES�PRODUCTIVITY�AND�MANAGEMENT 	$UDZIJONYTE�ET�AL������
�

7HE� MAJORITY� OF� GROWTH� RATE� STUDIES� IN� SOUTH� EAST� $USTRALIA� HAVE� FOCUSSED� ON� USING� THE� GROWTH

INFORMATION�NATURALLY�ARCHIVED�IN�OTOLITHS��7HE�RE�ANALYSIS�OF�HISTORICAL�COLLECTIONS�HAS�ALLOWED�FOR�THE

RECREATION�OF� GROWTH� TIME� SERIES�OVER� A� CENTURY� IN� LENGTH 	7HRESHER�ET� AL�� ����
�� 7HESE�DATA�HAVE

PROVED�INVALUABLE�TO�UNDERSTANDING�THE�CAUSES�AND�CONSEQUENCES�OF�GROWTH�RATE�CHANGE�BEYOND�THE

SCOPE�OF�MODERN� FISHERIES� SURVEYS 	0ORRONGIELLO�ET�AL������
��+ERE�WE�PRESENT� THREE�CASE� STUDIES

ILLUSTRATING�HOW�OTOLITH�BASED�GROWTH�DATA�CAN�BE�USED�TO�EXPLORE�CLIMATE AND�FISHING�INDUCED�CHANGES

IN�FISH�GROWTH�ON�SCALES�RANGING�FROM�INDIVIDUALS�TO�ASSEMBLAGES�

3URPLE�WRASSE� IS� A� TEMPERATE� FISH� SPECIES� INHABITING� NEAR� SHORE� REEFS� IN� SOUTH� EAST� $USTRALIA� THAT

DISPLAYED�RAPIDLY�INCREASING�GROWTH�RATE�DURING�THE�����S 	0ORRONGIELLO�ET�AL��ACCEPTED
��$�COMMERCIAL

FISHERY�FOR�THE�SPECIES�BEGAN�IN������TARGETING�LARGE�ADULTS�FOR�THE�LIVE�FISH�TRADE��7HIS�FISHING�ACTIVITY

INDUCED� A� PREDICTABLE� INCREASE� IN� THE� AVERAGE� GROWTH� AS� OLDER� FISH� WERE� RELEASED� FROM� DENSITY

DEPENDENCE� 	)IGURE��A
�� &ONCURRENTLY�WARMING�WATERS� ALSO� CAUSED�AN�ACCELERATION� IN�POPULATION�

AVERAGED�GROWTH�	)IGURE��B
��$T�THE�INDIVIDUAL�SCALE�A�SYNERGY�BETWEEN�FISHING�AND�WARMING�RESULTED

IN� A� ���� REDUCTION� IN� GROWTH� THERMAL� REACTION� NORM� DIVERSITY� 	)IGURE� �
� CAUSED� PRIMARILY� BY� THE

HARVEST�OF�LARGER�INDIVIDUALS�THAT�SHOWED�POSITIVE�TEMPERATURE�RESPONSES��,T�IS�SPECULATED�THAT�FISHING

INADVERTENTLY�SELECTED�ON�INDIVIDUAL�THERMAL�SENSITIVITY�OR�DISRUPTED�SOCIAL�HIERARCHIES�AND�ASSOCIATED

RESOURCE�AVAILABILITY�RESULTING�IN�A�LOSS�OF�GROWTH�PHENOTYPES�WHICH�IN�TURN�COULD�REDUCE�THE�SPECIESw

CAPACITY�TO�RESPOND�TO�FUTURE�WARMING�



��

�1/=:-��� 7ASMANIAN�PURPLE�WRASSE�ANNUAL�OTOLITH�GROWTH�	ANNULI�WIDTH MM ] ����&,
�AS�A�FUNCTION�OF
EXTRINSIC�FACTORS��	A
�$GE�DEPENDENT�ANNUAL�OTOLITH�GROWTH�BY�FISHERY�STATUS�	CIRCLES� PRE�FISHERY �����
������ SQUARES� POST�FISHERY ���������
�� AND� 	B
� ANNUAL� OTOLITH� GROWTH� AS� A� FUNCTION� OF� 667
	0ORRONGIELLO�ET�AL��ACCEPTED
�



��

�1/=:-�� 'ENSITY�PLOT�OF�OBSERVED�PURPLE�WRASSE�THERMAL�REACTION�NORMS�IN�THE�PRE� AND�POST�FISHERY
PERIODS��3OSITIVE� REACTION�NORMS�OCCUR�WHEN�A� FISHwS�GROWTH� RESPONDS�MORE�POSITIVELY� TO�WARMING
COMPARED�TO�THE�POPULATION�AVERAGE��7HERMAL�REACTION�NORMS�WERE�DERIVED�FROM�MIXED�MODELS�THAT
PORTIONED�OTOLITH�GROWTH�VARIATION�INTO WITHIN�INDIVIDUAL�PHENOTYPIC�PLASTICITY�AND AMONG�INDIVIDUAL
EFFECTS� THAT� REFLECT� PERSISTENT� ENVIRONMENTAL� OR� GENETIC� DIFFERENCES 	FROM� 0ORRONGIELLO� ET� AL�
ACCEPTED
�

$� MULTI�STOCK� ANALYSIS� OF� TIGER� FLATHEAD� GROWTH 	0ORRONGIELLO� AND� 7HRESHER� ����
 DETECTED

CONSIDERABLE�VARIABILITY�IN�STOCK�AVERAGED�GROWTH�RATE�TRENDS�WITH�INCREASES�RANGING�FROM�����TO�����

PER�YEAR�OVER�THE����YEAR�STUDY�PERIOD�	)IGURE �
��,NCREASED�GROWTH�WAS�STRONGLY�RELATED�TO�REGIONAL

WARMING� WITH� GROWTH� INCREASING� FROM� BETWEEN� ����� TO� ������� PER O&� 	)IGURE� �
�� 7HERE� WAS� NO

APPARENT� FISHING�SIGNAL� IN� THESE�GROWTH TRENDS�ALTHOUGH� IT�MUST�BE�ACKNOWLEDGED�THAT� THE� FISHERY

DEPENDENT CATCH�PER�UNIT�EFFORT 	&38(
 INDEX�USED�COULD�HAVE�LIMITED�SENSITIVITY�TO�ACTUAL�POPULATION

DENSITY��7HESE�TIGER�FLATHEAD�RESULTS�ARE�CONSISTENT�WITH�WARMING�INDUCED�RAPID�INCREASES�IN�JUVENILE

GROWTH�FOR�OTHER�COASTAL�AND�SHELF�SPECIES�IN�THE�REGION 	7HRESHER�ET�AL�������1EUHEIMER�ET�AL������
�



��

�1/=:-��� 3REDICTED�ANNUAL� AVERAGE�OTOLITH� GROWTH�VARIATION� FOR� TIGER� FLATHEAD�ACROSS� SEVEN� FISHING

AREAS�� 	AtG
� $NNUAL� GROWTH� VARIATION� REPRESENTED� BY� <EAR� RANDOM�EFFECT� CONDITIONAL�MODES� 	BEST

LINEAR�UNBIASED�PREDICTORS�>%/83S? ] 6(
��7HE�DASHED�LINES�IN�EACH�PANEL�REPRESENT�LONG�TERM�AVERAGE

GROWTH 	0ORRONGIELLO�AND�7HRESHER�����
�



��

�1/=:- �� 3REDICTED�ANNUAL�GROWTH�OF�TWO�YEAR�OLD�MALE�TIGER ~ATHEAD�	$GE�AT�CAPTURE�HELD�AT�MEAN

VALUE
�BY�BOTTOM�TEMPERATURE�FOR�EACH�AREA��3OINTS�ARE�<EAR�RANDOM�EFFECT�CONDITIONAL�MODES�	%/83S


GENERATED� FROM� OPTIMAL� INTRINSIC�EFFECT�MODELS� AND� REPRESENT� AVERAGE EXTRINSIC� GROWTH� VARIATION�

)ISHING�AREA�CODES�MATCH�THOSE�IN )IGURE � 	0ORRONGIELLO�AND�7HRESHER�����
�

2NGOING�RESEARCH�AIMS�TO�EXPLORE�COMMONALITIES�AND�DIFFERENCES�IN�THE�DRIVERS�OF�FISH�GROWTH�VARIATION

ACROSS�SOUTH�EAST�$USTRALIA�����OTOLITH�BASED�GROWTH�TIME�SERIES�HAVE�BEEN�DEVELOPED�FROM����SPECIES

ACROSS�THE�REGION�USING�MIXED�EFFECTS�MODELS 	0ORRONGIELLO�AND�7HRESHER�����
��,NDIVIDUAL�TIME�SERIES

RANGE�FROM����TO����YEARS�IN�LENGTH�AND�REPRESENT�JUVENILE�AND�ADULT�GROWTH�FROM�FISH�INHABITING�TIDE

POOLS�COASTAL�SHELF�AND�SLOPE HABITATS�AND�THE�DEEP� 'YNAMIC�)ACTOR�$NALYSIS 	')$�SEE�SECTION������


WAS�USED�TO�EXPLORE�THE�POSSIBILITY�OF�COMMON�MODES�OF�GROWTH�VARIATION�ACROSS�THE�REGION��7HE�BEST

')$�MODEL�DETECTED�FOUR�COMMON�TRENDS�INDICATING�SUBSTANTIAL�GROWTH�SYNCHRONY�WITHIN�AND�ACROSS

SPECIES�ACROSS�THE�REGION�	)IGURE �
��6UCH�SYNCHRONY�COULD�BE�INDICATIVE�OF FACTORS�OTHER�THAN THE�765�

'ATA�SUGGESTS�DRAMATIC�SHIFTS�IN�GROWTH�RATE�BEGINNING�IN�THE�����S�AND�MORE�RECENTLY�IN�THE�����S�

3RELIMINARY�ANALYSES�SUGGEST�THAT�THESE�COMMON�GROWTH�TRENDS�ARE�RELATED�TO�BOTH�CLIMATE�AND�FISHING

EFFECTS�



��

�1/=:- �� 7HE�FOUR�COMMON�TRENDS�IN�SOUTH�EAST�$USTRALIAN�FISH�GROWTH�	] 6(
�AS�DETERMINED�BY ')$�

����� 8.
2VER�THE�PAST����YEARS�WATER�TEMPERATURES�IN�THE 1ORTH�6EA�HAVE�INCREASED�BY����t����\&�PER�DECADE�

'URING�THIS�PERIOD�DECLINING�BODY�SIZES�HAVE�BEEN�OBSERVED�IN�HADDOCK�	� '�)*",�((/-�� "' !$)/-


	%AUDRON� ET� AL�� ����
� HERRING� 	�'/+ �� #�, )"/-
� 	%RUNEL� �� 'ICKEY�&OLLAS� ����
� AND� PLAICE

	�' /,*) �. - +'�. --�
� 	VAN�:ALRAVEN� ET� AL�� ����
� THREE� SPECIES� DIFFERING� IN� THEIR� LIFE� HISTORIES

TROPHODYNAMICS�AND�VERTICAL�DISTRIBUTION� IN�THE�WATER�COLUMN��7HIS RESPONSE IS�CONSISTENT�WITH THE

765��+OWEVER� A COMPLICATION� IN�ESTABLISHING� DIRECT� CAUSALITY� BETWEEN WARMING� TEMPERATURES� AND

DECREASING�BODY�SIZES� IN�COMMERCIAL� SPECIES� IS�DISENTANGLING�THE�EFFECT�OF� TEMPERATURE� FROM�OTHER

FACTORS� POSSIBLY� AFFECTING�BODY� SIZE INCLUDING�� 	I
� DENSITY�DEPENDENT� COMPETITION� FOR� RESOURCES�� 	II


FISHERIES�INDUCED�EVOLUTION��	III
�SIZE�SELECTIVE�FISHING�MORTALITY�LEADING�TO�A�SIZE�ARTEFACT��'ISENTANGLING

THE�RELATIVE�EFFECTS�ON�GROWTH�OF�THESE�THREE�FACTORS�AND�TEMPERATURE�ON�A�SPECIES�SPECIFIC�BASIS�CAN

PROVE� CHALLENGING� WHEN� TWO� OR� MORE� FACTORS� ARE� CONFOUNDED�� +OWEVER� UNLIKE TEMPERATURE� THE

IMPACT�OF ANY�OF THESE�THREE�FACTORS�IS�LIKELY�TO�BE HIGHLY SPECIES�SPECIFIC�

,N�A�STUDY�BY�%AUDRON�ET�AL��	����
�LENGTH�AT�AGE�DATA�FOR�EIGHT�COMMERCIAL�SPECIES�OF�THE�1ORTH�6EA

WERE�OBTAINED� FROM�RESEARCH�VESSEL�SURVEYS��'ATA�WERE�SPLIT�BETWEEN�NORTHERN�AND�SOUTHERN�SUB�

STOCKS�TO�ACCOUNT�FOR�THE�NORTH�SOUTH�TEMPERATURE�GRADIENT�AND�BY�SEX�FOR�DIMORPHIC�FLATFISH�SPECIES�

7HIS RESULTED IN����SUB�STOCKS�SPANNING A�WIDE�RANGE�IN DIFFERENT�LIFE�HISTORY�TRAITS��)OR�EACH�SUB�STOCK

A�VON�%ERTALANFFY�GROWTH�MODEL�WAS�FITTED�ON�A�COHORT�BY�COHORT BASIS��$ ')$ 	=UUR�����
�MODEL�WAS

USED� TO� DETECT� COMMON� TRENDS� ACROSS� THE� SUB�STOCKSw� TIME� SERIES� OF� ASYMPTOTIC� LENGTHS� 	/{
�� 7HE

MAJORITY�OF�SUB�STOCKS�EXHIBITED�A�DECLINE�IN�/{ 	)IGURE �
��7HE�BEST�')$�MODEL�IDENTIFIED�TWO�COMMON

TRENDS� WITH� THE� DOMINANT� TREND� POSITIVELY� AND� EQUALLY� RELATED� TO� NINE� OF� THE� ��� SUB�STOCKS

CORRESPONDING�TO�SIX�OF�THE�EIGHT�SPECIES�CONSIDERED��7HIS�TREND�SHOWED�A�DECLINE�IN�/{ SYNCHRONOUS



��

WITH�INCREASING�SEA�TEMPERATURES�	)IGURE �
�AND�THIS�COMMON�TREND�AND�THE�SEA�TEMPERATURE�WERE

INVERSELY�SIGNIFICANTLY�CORRELATED�	7ABLE �
� 7HESE�RESULTS�ARE�CONSISTENT�WITH�THE�765�THAT�HAS�BEEN

POSTULATED�IN�SIMULATION�STUDIES�	E�G��&HEUNG�ET�AL������
� 7HE�')$�WAS�REPEATED�ON�THE�THREE�SPECIES�

SPECIFIC�FACTOR�POTENTIALLY�IMPACTING�SIZE�	DENSITY�DEPENDENCE�APPROXIMATED�BY�ABUNDANCE��FISHING�

INDUCED�EVOLUTION��APPROXIMATED�BY� FISHING�MORTALITY�� SIZE�ARTEFACT�APPROXIMATED�BY�MEAN�COHORT

AGE
�FOR�THE�EIGHT�SUB�STOCKS�SUPPORTING�THE COMMON�DECLINING�TREND�IN�/{��1O�COMMON�TREND�WAS

IDENTIFIED�FOR�ANY�OF�THESE�THREE�SPECIES�SPECIFIC�FACTORS�INDICATING�THAT�THE�INCREASING�TEMPERATURE�IS

THE�MOST�LIKELY�DRIVER�BEHIND�THE�COMMON�TREND�IN�DECLINING�BODY�SIZE�OBSERVED�HERE�ACROSS�SPECIES�

�1/=:- �� 7RENDS�IN�ASYMPTOTIC�LENGTH�	/{
�FOR�THE����SUB�STOCKS�CONSIDERED 	%AUDRON�ET�AL������
�



��

�1/=:- 	�� 5ESULTS�FROM�THE ')$��COMMON�TRENDS�GIVEN�BY�THE�BEST�CANDIDATE�MODEL�	PANELS�A�AND�C


TO�DESCRIBE�/{ TIME�VARIATIONS�OVER�TIME�AND�THE�CORRESPONDING�FACTOR�LOADINGS�FOR�THE�THIRTEEN�SUB�

STOCKS�	PANELS�B�AND�D
��,N�PANEL�A�THE�GREY�LINE�CORRESPONDS�TO�THE�COMMON�TREND�GIVEN�BY�A�MODEL

FITTED�WITH�ONE�COMMON�TREND�INDICATING�THAT�THE�TREND�IN�PANEL�A�	7REND��
�IS�THE�DOMINANT�TREND��,N

PANEL�E�THE�7REND���IS�PLOTTED�ALONG�WITH�THE�AVERAGE�SEA�TEMPERATURE�	GREY�LINE
� )ROM�%AUDRON�ET�AL�

	����
�

&)*4- 
�� (STIMATED�CORRELATIONS�BETWEEN�SEA� TEMPERATURE�AND�7REND���AND� THEIR� CORRESPONDING�3�

VALUES�AT�DIFFERENT�LAGS��6IGNIFICANCE�WAS�ADJUSTED�BY�A�SEQUENTIAL�%ONFERRONI�CORRECTION��THE�ORDERED

3�VALUES�WERE�COMPARED�WITH�THE�INEQUALITY�3I | q	����K�I
���WHERE�q�IS�THE�CONFIDENCE�LEVEL�TO�TEST

FOR� SIGNIFICANCE� 	����
� .� IS� THE� NUMBER� OF� CORRELATION� TESTS� CARRIED� OUT� AND� I� IS� THE� RANK� OF� THE

CORRELATION�CONSIDERED��&ORRELATIONS�FOR�WHICH�THE�INEQUALITY�IS�MET�ARE�SIGNIFICANT�	�
� )ROM�%AUDRON

ET�AL��	����
�



��

�1/=:- 		� 1EWSPAPER�ARTICLE�FROM THE 3RESS�AND�-OURNAL�PUBLISHED�����������



��

:HEN�IT�WAS ORIGINALLY PUBLISHED�%AUDRON�ET�AL��	����
�GENERATED�WORLD�WIDE�PRESS�INTEREST FOCUSSING

ON THE�xSHRINKING�FISHy�NARRATIVE��7HE 6COTTISH FISHING�INDUSTRY�WAS VERY SCEPTICAL�ABOUT�THE�RESEARCH

	)IGURE���
��$LTHOUGH�THE NEGATIVE RESPONSE�BY�THE�INDUSTRY WAS�UNDERSTANDABLE�IT�SERVED�TO ILLUSTRATE

A�LACK�OF�UNDERSTANDING�OF THE�UNDERPINNING GROWTH�RESPONSES�TO�WARMING�TEMPERATURES 	765
 THAT

WAS THE�SCIENTIFIC�BASIS�OF�THE�ANALYSIS� 6CIENTISTS�HAVE�ACCESS�TO�AGE AND�LENGTH DATA WHILE THE�INDUSTRY

ONLY�OBSERVES�LENGTH� +AVING�AGE�GIVES�SCIENTISTS THE�ABILITY�TO�FIT�GROWTH�MODELS�ON�A�COHORT�BY�COHORT

BASIS� 7HIS�IS�AN OPPORTUNITY�TO�IMPROVE�COMMUNICATION�BETWEEN�CLIMATE�SCIENTISTS�AND�THE�INDUSTRY�

����� 86

:EST�COAST�86�AND�$LASKA
,N� THE 1ORTHEAST�3ACIFIC� THERE� IS� SUBSTANTIAL� TEMPORAL� VARIATION IN� GROWTH� RATES ACROSS� GROUNDFISH

SPECIES� $� TOTAL� OF ��� GROUNDFISH� POPULATIONS� 	STOCKS
 WERE� ANALYSED ACROSS� THREE� LARGE� MARINE

ECOSYSTEMS�&ALIFORNIA�&URRENT 	&&
 %ERING�6EA�$LEUTIAN�,SLANDS 	%6$,
�AND *2$ USING�THE�STATE�SPACE

FRAMEWORK� DESCRIBED BELOW 	6ECTION� �����
��0ODEL� SELECTION� SUPPORTED� A�MODEL INCLUDING� GROWTH

VARIATION�FOR����OF�THESE�STOCKS�	������
��HOWEVER�ONLY����STOCKS�SHOWED�SUBSTANTIAL�GROWTH�VARIATION

ACROSS�YEARS�AS�MEASURED�BY�AT�LEAST�FOUR�YEARS�OF�THE�TIME�SERIES�HAVING�A�CREDIBLE�INTERVAL�THAT�DID

NOT�OVERLAP�ZERO� 7HE TYPE�OF�GROWTH�VARIATION THAT WAS�SUPPORTED�BY�MODEL�SELECTION�VARIED�BETWEEN

ECOSYSTEMS 	7ABLE� �
�� ,N� THE %6$,� MOST� POPULATIONS� EXPERIENCED� VARIATION PRIMARILY� IN� SIZE� AT

RECRUITMENT�TO�THE�FISHERY�WHEREAS IN�THE *2$ AND && ECOSYSTEMS�MOST�POPULATIONS�EXPERIENCED

TEMPORAL�VARIATION�PATTERNS�THAT�WERE�SHARED�ACROSS�AGES�	7ABLE �
�



��

&)*4-��� 0ODEL�SELECTION�RESULTS�	6TAWITZ�ET�AL������
�AGGREGATED�BY�ECOSYSTEM�AND�STOCK�WITH�STOCKS

GROUPED�INTO�FAMILIES�OR�SIMILAR�MORPHOLOGIES�

8NLIKE� THE $USTRALIAN� 	6ECTION������
�AND 1ORTH�6EA�	6ECTION������
 EXAMPLES� TIME�SERIES� TRENDS�OF

GROWTH�VARIATION�DID�NOT�EXHIBIT� SYNCHRONY�ACROSS� SPECIES� AND�ONLY� A�MINORITY�OF� STOCKS�EXHIBITED

TEMPORAL� TRENDS� *2$ 3ACIFIC� HALIBUT� 	�$++*"'*--/- -. )*' +$-
� AND && 'OVER� SOLE� 	�$�,*-.*(/-

+��$!$�/-
�WERE�THE�ONLY�SPECIES�TO�EXHIBIT�DECREASING�SIZE�AT�AGE�OVER�TIME� && 3ACIFIC�HAKE�	� ,'/��$/-

+,*�/�./-
�AND�SABLEFISH�	�)*+'*+*(��!$(�,$�
�BOTH�EXHIBITED�TEMPORAL�TRENDS�IN�SIZE�AT�AGE�BUT�THEIR

AVERAGE�SIZE�AT�AGE� INCREASED�OVER� THE�EXAMINED� TIME�SERIES��$N� IMPORTANT�CAVEAT� IS� THAT� THREE�OF

THESE�FOUR�POPULATIONS�WERE�ANALYZED�USING�ONLY�FISHERY�DEPENDENT�DATA�THEREFORE�THESE�TEMPORAL

TRENDS�MAY� BE� CAPTURING� CHANGES� IN� SAMPLING� AND� NOT� CHANGES� IN� SIZE�AT�AGE�� $� LARGER� NUMBER� OF

SPECIES� 	�
� EXHIBITED� VARIATION� THAT� HAD� SUBSTANTIAL� INTERANNUAL� VARIATION� BUT� THIS� VARIATION� WAS

CENTERED�AROUND ZERO�FOR�THE�TIME�SERIES�	)IGURE ��
 SUGGESTING�NO�DIRECTIONAL�TREND�OVER�THE�FULL�TIME

PERIOD�



��

�1/=:-�	
� *ROWTH�ANOMALY�ESTIMATES�FOR�SIX�STOCKS�	FROM�6TAWITZ�ET�AL������
��7HE�X�AXIS�REPRESENTS

ANOMALY�YEAR�FOR�PANEL�$�AND�BIRTH�YEAR�FOR�PANELS�%�AND�&��	$
�7HE�ANNUAL�GROWTH�ANOMALY�MODEL�WAS

CHOSEN�FOR *2$ 3ACIFIC�HALIBUT�AND�&&�PETRALE�SOLE��7HESE�ARE�EXAMPLES�OF�STOCKS�THAT�EXPERIENCED

HIGHLY�VARIABLE�GROWTH�ANOMALIES��&REDIBLE�INTERVALS�RARELY�OVERLAP�ZERO�FOR�BOTH�STOCKS�BUT�PETRALE

SOLEwS�DOMINANT�VARIATION�APPEARS�TO�BE�PERIODIC�AND�NOT�FOLLOWING�A�PARTICULAR�TREND�WHILE�HALIBUT

EXPERIENCE�MONOTONICALLY�DECREASING�GROWTH�ANOMALIES��	%
�7HE�INITIAL�SIZE�EFFECT�MODEL�WAS�CHOSEN

FOR�%6$,�WALLEYE�POLLOCK�AND && 3ACIFIC�HAKE��,NITIAL�SIZE�EFFECTS�HAD�LOWER�INTERANNUAL�VARIABILITY�BUT

CLEAR�PERIODS�OF�SUSTAINED�POSITIVE�OR�NEGATIVE�INITIAL�SIZE�EFFECTS��	&
 7HE�COHORT�GROWTH�ANOMALY�MODEL

WAS�CHOSEN� FOR && CHILLIPEPPER� ROCKFISH�AND *2$ 3ACIFIC� COD��&OHORT�ANOMALIES�WERE�ON�AVERAGE

SMALLER�IN�MAGNITUDE�AND�SMOOTHER�OVER�THE�LENGTH�OF�THE�TIME�SERIES�



��

����� 6UMMARY�OF�INSIGHTS�GAINED�BY�COMPARING�EVIDENCE�OF�CHANGING�GROWTH�RATES�FOR�THREE

REGIONS
8NLIKE� CLIMATE� IMPACTS� ON SPATIAL DISTRIBUTION� RESEARCH� INTO� BROAD�SCALE� CROSS�SPECIES� IMPACTS� OF

CLIMATE�ON�INDIVIDUAL�GROWTH�RATES�IS�AT�A�MUCH�EARLIER STAGE�OF�DEVELOPMENT��7HE�765�PROVIDES�A�STRONG

THEORETICAL� UNDERPINNING� FOR� EXPECTING� A� SHIFT� TOWARDS� SMALLER� BODY� SIZES� IN�WARMING� ECOSYSTEMS�

7HERE�IS�SOME�SUPPORT�FOR THE�765 IN�$USTRALIAN�WATERS�	E�G��7HRESHER�ET�AL�������6ECTION������
�AND

REASONABLY�STRONG�EMPIRICAL�SUPPORT�IN�THE�1ORTH�6EA�	%AUDRON�ET�AL�������6ECTION������
� 7HE�LACK�OF

A�CONSISTENTLY�STRONG�COHORT�EFFECT�ON�GROWTH�RATES�IN�86�STOCKS�ON�THE�WEST�COAST�COULD�BE�A�RESULT�OF

THE�MORE�COMPLEX�OCEANOGRAPHY�ASSOCIATED�WITH�THE�3ACIFIC COAST�E�G��UPWELLING�WHICH�MIGHT�MEAN

THAT�THERE�IS�NO�OVERALL�TREND�TOWARDS�WARMING��$�LACK�OF�A�GROWTH�RESPONSE�IN�AN�AREA�THAT�IS�NOT�IN

FACT�WARMING�IS�CONSISTENT�WITH�THE�765�

7HE� IMPLICATIONS�OF� THE� 765� FOR� FISHERIES� YIELDS� ARE CONSIDERABLE� INCREASED� TEMPERATURES� RESULT� IN

FASTER JUVENILE�GROWTH�AND�SMALLER�ADULT�BODY�SIZES WHICH�RESULT�IN DECREASED�YIELDS�	6ECTION������
�

7HE�765�THEREFORE�NEEDS�MORE�COMPREHENSIVE�TESTING�THROUGH�A�COORDINATED�PROGRAMME�RESEARCH�

7HERE�IS�A�WEALTH�OF�AGE�LENGTH�DATA�IN�GOVERNMENT�LABORATORIES�AROUND�THE�WORLD�AND�THE�WORKSHOP

REVIEWED�DATABASES�AVAILABLE�FOR�(UROPEAN�,CELANDIC�AND�1ORWEGIAN�WATERS�	6ECTION������
�THE�86

	6ECTION� �����
� AND &HILE� :HILE� THE� VON� %ERTALANFFY� GROWTH�MODEL� IS� OFTEN� THE� STARTING� POINT� FOR

MODELLING 	6ECTION������
 THE�INCREASE�IN�SIZE�OVER�TIME�THERE�ARE�OTHER�POSSIBLE�APPROACHES�	REVIEWED

IN�6ECTION����
� $�SUBSET�OF�THE WORKSHOP�PARTICIPANTS�AGREED�TO�UNDERTAKE A�COORDINATED�COMPARISON

OF�DIFFERENT�MODELLING�APPROACHES�ON�A�RANGE�OF�AVAILABLE�DATASETS�FOLLOWING�THE�WORKSHOP��7HE�RESULTS

WILL�BE�PRESENTED�AT�THE�UPCOMING�,&(6�$NNUAL�6CIENCE�0EETING�IN�6EPTEMBER������	$PPENDIX��
�

��� 0ANAGEMENT�IMPLICATIONS�OF�CHANGES IN�FISH�GROWTH

����� <IELD
/OSSES�OF�FISHING�YIELD�ARE�COMMONLY�ASSOCIATED�WITH�DECLINING�NUMBERS�OF�FISH�EITHER�DUE�TO�STOCK

COLLAPSE�	LESS�FISH�IN�A�PARTICULAR�FISHING�GROUND
�OR�TO�CHANGES�IN�DISTRIBUTION�	FISH�MOVING�AWAY�FROM

A�PARTICULAR�FISHING�GROUND
�WHICH�HAVE�BEEN�RECENTLY�DOCUMENTED�IN�MANY�ECOSYSTEMS�	SEE�6ECTION

���
�� ,N� CONTRAST� THE� IMPACT� OF� CHANGES� IN� FISH� GROWTH�ON� FISHING� YIELD� 	SAME�NUMBER� OF� FISH� BUT

INDIVIDUALS� SMALLER� IN� SIZE
� HAS� RECEIVED� COMPARATIVELY� LITTLE� ATTENTION�� 7HE� DECLINE� IN� BODY� SIZE

OBSERVED�IN�1ORTH�6EA�FISH�SPECIES�	SEE�6ECTION������
�HAS�BEEN�ESTIMATED�TO�RESULT�IN�AN�AVERAGE�LOSS

OF�YIELD�OF�����WITH�LOSSES�UP�TO�����OF�ONE�SPECIES�	7ABLE��
��$LTHOUGH�THESE�FIGURES�WERE�OBTAINED

THROUGH�CRUDE�APPROXIMATIONS� 	SEE�%AUDRON�ET�AL������
� THEY� ILLUSTRATE� THE�POTENTIAL� SCALE�OF� THE

PROBLEM�� GROWTH� CHANGE� COULD� RESULT� 	AND� MOST� LIKELY� ALREADY� HAVE
� IN� SIGNIFICANT� YIELD� LOSSES

IRRESPECTIVE�OF�FISH�STOCK�ABUNDANCE�	NUMBER�OF�FISH
��,N�ADDITION�CHANGES�IN�GROWTH�COULD�ALSO�HAVE

FURTHER� INDIRECT� IMPLICATIONS�FOR�FISHING�YIELD�SUCH�AS� LOSS�OF�REPRODUCTIVE�POTENTIAL� 	SMALLER�FISH� LAY

FEWER�AND�SMALLER�LESS�VIABLE�EGGS
�OR�CHANGES�IN�TROPHIC�INTERACTIONS�	SIZES�OF�PREDATORS�AND�PREYS
�

$S�SEAFOOD� IS� INCREASINGLY�CONTRIBUTING�TO THE�WORLDWIDE�SUPPLY�OF�PROTEIN� THE� IMPLICATIONS�OF� FISH

GROWTH�CHANGES�ON�FISHING�YIELD�SHOULD�NO�LONGER�BE�IGNORED�



��

&)*4- ���<IELD�PER�RECRUIT�	<35
�VALUES�	KG
�PRIOR�	����
�AND�AFTER�	����
�THE�OBSERVED�DECLINE�IN�/{

WITH�CORRESPONDING�INDIVIDUAL�YIELD�LOSS�IN�VALUE�	KG
�AND�PERCENTAGE�������AND������WERE�YEARS�IN

WHICH�THE�STANDARDIZED�COMMON�7REND���REACHED�ITS�MAXIMUM�AND�MINIMUM�VALUES�PRIOR�AND�AFTER

THE�DECLINE�IN�/{�

)OR� SHORT�LIVED� SPECIES E�G� SQUID� CLIMATE�DRIVEN� CHANGES� IN� GROWTH CAN RAPIDLY� CHANGE THE SIZE

STRUCTURE�OF�THE�POPULATION WHICH CAN�QUICKLY�CHANGE�THE�INTERPRETATION�OF�&38(�	3ECL�ET�AL� ����
��,N

SOME�YEARS�INDIVIDUAL�SQUID�	� +$*. /.#$-��/-.,�'$-
�WEIGH����KG�IN�OTHERS����KG��7HIS�IS�CONSEQUENTIAL

FOR�&38(�INDICES WHICH�ARE�EXPRESSED�AS�KG�PER�DAY��$�CONSTANT�VALUE�OF�&38(�CAN�VARY�CONSIDERABLY�IN

THE�NUMBER�OF�INDIVIDUALS�THAT�CONTRIBUTE�TO�THAT�VALUE�DEPENDING�ON�ENVIRONMENTAL�CONDITIONS�

����� %IOECONOMICS
7HE�BIOECONOMIC�IMPLICATIONS�OF GROWTH�IMPACTS�ON�FISH�HAVE�BEEN�EXPLORED FOR�$LASKAN�FISHERIES�AS

SUMMARISED�IN TWO DISTINCT�ASPECTS�SUMMARISED�BRIEFLY�BELOW�

6IZE�TARGETING�AND�PRODUCTS�IN�THE�%ERING�6EA�POLLOCK�CATCHER�PROCESSOR�FISHERY
7HE� STANDARD� WEIGHT�BASED� QUOTA� REGULATIONS� USED� TO� MANAGE� MOST� REGULATED� FISHERIES� DO� NOT

CONSIDER�THE�SIZE�OF� INDIVIDUAL�FISH�THAT�FILL� THAT�QUOTA��+OWEVER� FISH�OF�DIFFERENT�SIZES�MAY�PRESENT

VARYING�PROFIT�OPPORTUNITIES�AND�HAVE�DIFFERENT�IMPACTS�ON�THE�STOCKwS�FUTURE�GROWTH�POTENTIAL 	$SCHE

AND�+ANNESSON�������0ORRISON�3AUL�ET�AL��������6JOBERG������$SCHE�ET�AL������
� 7HE LINKS BETWEEN

REVENUE� PER� UNIT� OF� QUOTA AND THE� SIZE� OF INDIVIDUAL FISH� HARVESTED HAS� BEEN� INVESTIGATED� FOR THE

CATCHER�PROCESSOR�FLEET�OF�THE 8�6��%ERING�6EA�POLLOCK�FISHERY WHERE�LARGER�FISH�CAN�PRODUCE�HIGHER�

VALUE�PRODUCTS��%ECAUSE�PRICE�INCENTIVES�ARE�HETEROGENEOUS�ACROSS�VESSELS SOME�HARVESTERS�PROFITABLY

CHOSE�TO�TARGET�SMALLER�FISH�TO�DECREASE�THEIR�OWN�HARVESTING�COSTS��$ FISHERIES MANAGER�WHO�CONTROLS

FOR� THE�SIZE�OF� FISH�CAUGHT� IN� THE�POLLOCK� FISHERY�COULD� INCREASE�ESTIMATED�PROFITS�BY�MORE� THAN���

PERCENT�AND�WHILE�PART�OF�THE�BENEFIT�IS�FROM�HIGHER�PRICES�COMING�FROM�HIGHER�VALUE�PRODUCTS�MORE

THAN����PERCENT�OF�THE�INCREASE�IN�FISHERY�VALUE�RESULTS�FROM�A�LARGER�BIOMASS 	&HEN�AND�+AYNIE UNDER

REVIEW
�

3RODUCTS�VESSELS�AND�TRIP�LENGTH�IN�THE�%ERING�6EA�POLLOCK�INSHORE�FISHERY
)ISHERMEN�SEEK�TO�MAXIMIZE�PROFITS�SO�WHEN�CHOOSING�WHERE�TO�FISH�THEY�MUST�CONSIDER�INTERACTIONS

AMONG�THE�ENVIRONMENT�COSTS�AND�FISH�PRICES� :ATSON�AND�+AYNIE�	����
 EXAMINED�CATCHER�VESSELS

IN� THE�8�6��%ERING� 6EA� FISHERY� FOR�WALLEYE�POLLOCK� 	����� ����
� TO� CHARACTERIZE� FISHER� RESPONSES� TO



��

ENVIRONMENTAL�CHANGE�	E�G��ABUNDANCE�AND�WATER�TEMPERATURE
��:HEN�POLLOCK�WERE�ABUNDANT�AND

WATER WAS WARM�THE�FLEET�FISHED�IN�SIMILAR�LOCATIONS� &ONVERSELY�WHEN�TEMPERATURES�WERE�COOLER�OR

POLLOCK�ABUNDANCE�DECLINED� TWO� FISHING� STRATEGIES�EMERGED�DEPENDING�ON� THE�PROCESSOR�WHERE�A

VESSEL�DELIVERED��2NE�VESSEL�GROUP�WHOSE�CATCHES�WERE�MORE� LIKELY� TO�BECOME�FILLETS�OFTEN�MADE

SHORTER�TRIPS�REQUIRING�LESS�FUEL�AND�TIME�AT�SEA��$�SECOND�VESSEL�GROUP�WHOSE�CATCHES�WERE�MORE

LIKELY�TO�BECOME�SURIMI TRAVELLED FARTHER�FROM�PORT�TO�REGIONS�WITH�HIGHER�CATCH�RATES�BUT�GENERALLY

SMALLER�FISH��%Y�FISHING�IN�DIFFERENT�LOCATIONS�TO�SATISFY�DIFFERENT�MARKETS�THE�FLEET�SUSTAINED�REVENUES

AND�BUFFERED�AGAINST�ENVIRONMENTAL�CHANGE� 7HIS ILLUSTRATES THAT�A�xONE�VESSEL�FITS�ALLy�APPROACH�MAY

BE�INSUFFICIENT�FOR�ASSESSING�THE�RESILIENCE�OF�FLEETS TO�CLIMATE�CHANGE�

��� 'ATA AVAILABLE�FOR�MODELLING�INDIVIDUAL�GROWTH�RATES
7HE� AGE�LENGTH� DATA� FOR� MANY� COMMERCIAL� FISH� STOCKS� AROUND� THE� WORLD� OFFER� AN� UNPARALLELED

OPPORTUNITY�TO�TEST�THE�IMPACTS�OF�WARMING�TEMPERATURE�ON�GROWTH�RATES OF�INDIVIDUAL�FISH��2NE�AIM

OF�THE�PROJECT�WAS�TO�BEGIN�WORKING�TOWARDS�A�LONG�TERM�RESEARCH�OBJECTIVE�	IDENTIFIED�AS�0ANUSCRIPT

�� IN� 6ECTION� ���
 � .���)�'3-$-� *!� .# � #$-.*,$��'� �#�)" -� $)� !$-#� ",*1.#� ��,*--� .# � "'*� � �)�

$� ).$!$��.$*)�*!�+/.�.$0 �( �#�)$-(-� �"��� .# � . (+ ,�./, �-$4 � ,/' �� &ONSEQUENTLY� THE�WORKSHOP

REVIEWED� SOME� OF� THE� GLOBAL� DATA� RESOURCES� ON� AGE�LENGTH� OVER� TIME� A� SELECTION� OF� WHICH� ARE

SUMMARISED�IN�THIS�SECTION��$USTRALIA�IS�NOT�INCLUDED�

����� (UROPEAN AND�1ORDIC�DATABASES�FOR�ANALYSING�GROWTH

(UROPE

7HE�'$75$6�DATABASE�IS�HOSTED AND�MAINTAINED�BY�THE�,&(6��,T�CONTAINS�FISH�TRAWL�SURVEY�DATA�COLLECTED

BY� NATIONS� FISHING� IN� (8� WATERS�� ,T� IS� PUBLICLY� ACCESSIBLE� AT HTTP���WWW�ICES�DK�MARINE�DATA�DATA�

PORTALS�3AGES�'$75$6�ASPX��7HE�DATABASE�CONTAINS�A�WIDE�RANGE�OF�DATA�SUCH�AS� LENGTH�FREQUENCY

LENGTH�AT�AGE�MATURITY�ETC�

7HE� LENGTH�AT�AGE� DATA� AVAILABLE� FROM�'$75$6 ARE� STRUCTURED� AS AGE�LENGTH� KEYS 	$/.S
�� $/.S� ARE

AVAILABLE�FOR�FIVE�OF�THE�SURVEYS�INCLUDED�IN�'$75$6��7HESE�SURVEY�COVER�THE�1ORTH�6EA�THE�SOUTHERN

1ORTH�6EA�THE�:EST�OF�6COTLAND�THE�%ALTIC�6EA�AND�THE�&ELTIC�6EA�%AY�OF�%ISCAY��7HE�1ORTH�6EA�DATASET

SPANS�THE�LONGEST�TIME�PERIOD��FROM������TO�PRESENT��2THER�SURVEYSw�$/.S�BEGIN�IN�THE�LATE�����S�TO

THE�MID�����S�	)IGURE���
�



��

�1/=:-�	���6PATIAL�AND�TEMPORAL�COVERAGE�OF�LENGTH�AT�AGE�DATA�AVAILABLE�FROM�'$75$6�

$VAILABLE� $/.S� FOR� THE %ALTIC� 6EA INCLUDE� THREE� SPECIES�� (UROPEAN� FLOUNDER� 	�'�.$�#.#3-� !' -/-


(UROPEAN�PLAICE�	�' /,*) �. -�+'�. --�
�AND�$TLANTIC�COD�	���/-�(*,#/�
��$/.S�FROM�THE SOUTHERN

1ORTH�6EA INCLUDE�TWO�FLATFISH�SPECIES�(UROPEAN�PLAICE�AND�&OMMON�SOLE�	�*' ��-*' �
��$/.S�FROM�THE

1ORTH� 6EA INCLUDE� $TLANTIC� COD� +ADDOCK� 	� '�)*",�((/-� � "' !$)/-
� $TLANTIC� HERRING� 	�'/+ �

#�, )"/-
� 6AITHE� 	�*''��#$/-� 0$, )-
� 1ORWAY� POUT� 	�,$-*+. ,/-�  -(�,&$$
� :HITING� 	� ,'�)"$/-

( ,'�)"/-
�(UROPEAN�PLAICE�$TLANTIC�MACKEREL� 	��*(� ,� -�*(�,/-
� AND�(UROPEAN�SPRAT� 	�+,�../-

-+,�../-
�� $/.S� FROM� THE &ELTIC� 6EA�%AY� OF� %ISCAY INCLUDE� $TLANTIC� COD� :HITING� 0EGRIM

	� +$�*,#*(�/-�1#$!!$�"*)$-
�$NGLERFISH�	��SPECIES
�	�*+#$/-�+$-��.*,$/- AND ����/� "�--�
�(UROPEAN

HAKE�	� ,'/��$/-�( ,'/��$/-
�AND�$TLANTIC�MACKEREL��$/.S�FROM�THE :EST�OF�6COTLAND INCLUDE�$TLANTIC

COD�+ADDOCK 6AITHE�1ORWAY�POUT�:HITING�AND�$TLANTIC�MACKEREL�

$/.S�ARE�OBTAINED�VIA�A�GRID�SURVEY�SAMPLING�DESIGN��5ECTANGLES�	UNIT�OF�THE�GRID
�COVER�THE�SURVEY

AREAS��(ACH�RECTANGLE�CONTAINS�BETWEEN�ONE�AND�FOUR�SAMPLING�STATIONS�AND�AT�LEAST�ONE�HAUL�OF�THE

SURVEY�TRAWL� IS�DONE� IN�EACH�RECTANGLE��)OR�EACH�HAUL�THE�CATCH� IS�SORTED�BY�SPECIES��7HE� LENGTH�OF

INDIVIDUALS�ARE�MEASURED�SO�AS�TO�OBTAIN�A�LENGTH�FREQUENCY�DISTRIBUTION�AND�OTOLITHS�ARE�SAMPLED�IN

EACH�LENGTH�CLASS�VIA�STRATIFIED�SAMPLING��7HE�AGE�IS�SUBSEQUENTLY�DETERMINED�BY�OTOLITH�READING��$GE

READINGS�ARE�RELIABLE�FOR�SOME�SPECIES�	E�G��COD
�BUT�KNOWN�TO�BE�BIASED�IN�OTHERS�	E�G��HAKE
��7HE

LENGTH�AT�AGE�DATA�CONTAINED�IN�'$75$6�IS�NOT�CORRECTED�FOR�LENGTH�STRATIFIED�SAMPLING��7O�DO�SO�$/.S

NEED�TO�BE�RAISED�BY�THE�OBSERVED�LENGTH�FREQUENCY�

1ORWAY
6URVEY TIME SERIES� FOR LENGTH� AT� AGE� AND� WEIGHT� AT� AGE� FOR STOCKS THAT� FALL� UNDER� 1ORWEGIAN

MANAGEMENT START�IN�THE�����S� 7HERE�IS�SOME�DATA FOR�COMMERCIAL�CATCHES�GENERALLY�GO�SOMEWHAT

FARTHER�BACK�IN TIME��7HE�LONGEST�TIME�SERIES�ARE�THOSE�FOR�1ORTHEAST�$RCTIC�COD�AND�1ORWEGIAN�SPRING�
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SPAWNING�HERRING�WHERE�THERE�ARE�AGE�DATA�FROM�COMMERCIAL�CATCHES�GOING�BACK�TO�THE�EARLY�����S�

)OR�1ORTHEAST�$RCTIC�COD�AND�,CELANDIC�COD�THERE�IS�AN�ONGOING�JOINT�PROJECT�ON�LONG�TERM�OTOLITH�AND

BIVALVE�GROWTH�CHRONOLOGIES�IN�RELATIONS�TO�COD�STOCK�DYNAMICS�AND�CLIMATE��)OR�THE�MAIN�%ARENTS�6EA

STOCKS�	COD�HADDOCK�CAPELIN
�THERE�IS�A�1ORWEGIAN�5USSIAN�PROGRAM�FOR�THE�ANNUAL�INTER�CALIBRATION

OF� AGE�ESTIMATES�WHICH HAS� BEEN� IN� OPERATION� SINCE� THE�EARLY�����S�� 7HERE� ARE� ALSO� REGULAR� INTER�

CALIBRATION� PROGRAMS� FOR�MOST�MAIN� STOCKS� IN� THE� 1ORWEGIAN� 6EA� AND� 1ORTH� 6EA�� 7EMPERATURE� IS

GENERALLY�MEASURED�CLOSE�TO�EACH�TRAWL�STATION�TAKEN�ALSO�THERE�ARE�A�NUMBER�OF�TIME�SERIES�FROM

HYDROGRAPHICAL�SECTIONS�

,CELAND
$LL�AVAILABLE�PAPER�ARCHIVED�AGE� LENGTH�AND�OTHER�BIOLOGICAL�DATA� FROM�THE� ,CELANDIC� FISHERIES�HAVE

BEEN DIGITALLY ARCHIVED�AT�THE�0ARINE�AND�)RESHWATER�5ESEARCH�,NSTITUTE�S�FISH�DATABASE��,N�ADDITION

ARCHIVED OTOLITHS�ARE ROUTINELY STORED�IN�A�PHYSICAL�DATABASE��7HE�EARLIEST�AGE�AND�LENGTH�DATA�FOR�COD

GO�BACK�TO�THE������S�WITH�ANNUAL�MEASUREMENTS�	MOSTLY�COMMERCIAL�SAMPLES
�EXCEEDING������FISH

AT�MINIMUM�PER�YEAR�AND�WITH�TIME�INCREASING�TO�ABOVE�������PER YEAR��$NNUAL�SAMPLES�OF�HERRING

ARE� AVAILABLE� SINCE� THE� �����S� HADDOCK� SINCE� THE� �����S� AND� SAITHE� SINCE� THE� �����S�� ,N� ADDITION

INTERMITTENT� SAMPLES� OF� LESS� COMMERCIALLY� IMPORTANT� SPECIES� HAVE� BEEN� TAKEN� THROUGH� TIME� 7WO

SCIENTIFIC�GROUNDFISH SURVEYS�ARE�CONDUCTED�ANNUALLY� THE�SPRING�SURVEY�SINCE������AND�THE�FALL�SURVEY

SINCE�������$GE�SAMPLES�FOR�COD�HADDOCK�AND�SAITHE�AS�WELL�BOTTOM�TEMPERATURE�AT�EACH�STATION�HAVE

BEEN�TAKEN�SINCE�COMMENCEMENT�OF�THE�SURVEYS�WITH�INCREASING�NUMBER�OF�SPECIES�BEING SAMPLED�FOR

AGE�DETERMINATION�WITH�TIME�

����� 86 DATABASES�FOR�ANALYSING�GROWTH
7HE�86�HAS�EXTENSIVE�AGE�LENGTH�DATA�THAT�RESIDES�IN�REGIONAL�FISHERIES�CENTRES�AS�IS�DESCRIBED�FOR�SOME

OF�THE�CENTRES�BELOW��7HE�EAST�COAST DATABASES�ARE NOT�REPRESENTED�HERE BUT�LIKELY�BEGIN�IN�OR�AROUND

�����

$LASKA�5EGION
7HE�$LASKA�REGION�COMPRISES�THREE�SEPARATE�ECOSYSTEMS���
�THE�(%6���
�THE�*2$��AND��
�THE�$,��7HE

MAJOR�FISHERY�INDEPENDENT�SOURCES�FOR�AGE�AND�LENGTH�DATA�ARE���SERIES�OF�TRAWL�SURVEYS�CONDUCTED�BY

THE $LASKA�)ISHERIES�6CIENCE�&ENTER 	$)6&
�INCLUDING�THE�(%6�SHELF�SURVEY�	ANNUAL�SINCE�����
�THE�(%6

SLOPE�SURVEY�	BIENNIAL�SINCE�����
�THE�*2$�TRAWL�SURVEY�	TRIENNIAL�OR�BIENNIAL�SINCE�����
�AND�THE

$LEUTIAN� ,SLANDS� 	$,
 TRAWL� SURVEY� 	TRIENNIAL� OR� BIENNIAL� SINCE� ����
�� 7HE� (%6� SHELF� SURVEY� HAS� A

SYSTEMATIC�DESIGN�IN�WHICH�TRAWLS�ARE�CONDUCTED�AT�FIXED�LOCATIONS�WITHIN�A�GRID�WHEREAS�THE�OTHER

THREE�SURVEYS�ARE�STRATIFIED�RANDOM�SURVEYS��,N�RECENT�YEARS�	I�E��SINCE�����
�THE�NUMBER�OF�SPECIES

SAMPLED�FOR�OTOLITHS�HAS�BEEN�THE�LARGEST�IN�THE�*2$�SURVEY�	�� t ���SPECIES�PER�YEAR
�AND�THE�FEWEST

IN�THE�(%6�SLOPE�SURVEY�	����SPECIES
�WITH�INTERMEDIATE�LEVELS�IN�THE�(%6�SHELF�SURVEY�	�����SPECIES


AND�THE�$,�SURVEY�	������SPECIES
��7HESE�NUMBERS�GENERALLY�REPRESENT�THE�PRESENCE�OF�SPECIES�RELEVANT

FOR�STOCK�ASSESSMENTS�ACROSS�THE�VARIOUS�HABITATS��0ANY�OF�THE�MAJOR�SPECIES�WITH�LONG�STANDING�AGE�

STRUCTURED�STOCK�ASSESSMENTS�	I�E��GADIDS�FLATFISH�ROCKFISH
�HAVE�OTOLITH�COLLECTIONS�EXTENDING�BACK�TO

THE�����S�WHEREAS�COLLECTIONS� FOR�MINOR�SPECIES�MAY�BE�RELATIVELY� RECENT� 	AND�MAY�NOT�NECESSARY

INCLUDE�OTOLITH�AGING�FOR�ALL�SAMPLE�YEARS
��+ISTORICALLY�OTOLITHS�IN�$)6&�TRAWL�SURVEYS�WERE�COLLECTED

WITH�A�LENGTH�STRATIFIED�DESIGN�	I�E��A�FIXED�NUMBER�WAS�SAMPLED�PER�SIZE�BIN�AND�GEOGRAPHIC�AREA
�BUT

RECENTLY�RANDOM�SAMPLING�DESIGNS�	I�E��A�FIXED�NUMBER�IS�SAMPLED�PER�SURVEY�TOW
�ARE�BECOMING�MORE

COMMON��(NVIRONMENTAL�DATA�SUCH�AS�TEMPERATURE�AND�SALINITY�ARE�OBTAINED�FOR�EACH�TOW�

)ISHERY�DEPENDENT�SAMPLING�OF�OTOLITHS�HAS�OCCURRED�OVER�A�SIMILAR�TIME�FRAME�AND�SET�OF�SPECIES�AS

SURVEY�SAMPLES�VIA�ONBOARD�OBSERVER�SAMPLING�WITH�TWO�EXCEPTIONS���
�RANDOM�SAMPLING�	NOT�LENGTH�
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STRATIFIED�SAMPLING
�OF�OTOLITHS�HAS�BEEN�EMPLOYED�SINCE�������AND��
�OBSERVER�SAMPLING�IS�TYPICALLY

FOCUSED�ON�THE�PREDOMINANT�SPECIES�IN�THE�HAUL�BUT�SAMPLING�PROTOCOLS�HAVE�BEEN�MODIFIED�IN�ORDER

TO�INCREASE�THE�SAMPLE�SIZE�OF�NON�TARGET�SPECIES��0ULTIPLE�READS�OF�OTOLITHS�ARE�CONDUCTED�IN�ORDER�TO

QUANTIFY� THE�PRECISION�OF�AGE�ESTIMATES��$GE�VALIDATION�STUDIES�EXIST� FOR�MANY�OF�THE�MAJOR�SPECIES

USING�TECHNIQUES�SUCH�AS�TAG�RECAPTURE�BOMB�RADIOCARBON�AGEING�AND�ISOTOPES�

&ALIFORNIA�&URRENT�(COSYSTEM
7WO�PRIMARY� FISHERY� INDEPENDENT�SURVEYS�HAVE�COLLECTED�GROUNDFISH�DATA� IN� THE�8�6� WATERS�OF� THE

&ALIFORNIA�&URRENT�	&&
�ECOSYSTEM��7HE $)6& TRIENNIAL�SHELF�SURVEY�WAS�CONDUCTED�BETWEEN������AND

����� WITH� ����� CONSIDERED� AN� EXPERIMENTAL� YEAR� OF� DATA� COLLECTION� THAT� IS� OFTEN� EXCLUDED� FROM

ANALYSES��7HE�TRIENNIAL�SURVEY�IMPLEMENTED�A�FIXED�LINE�TRANSECT�SURVEY�DESIGN�EXTENDING�AS�FAR�SOUTH

AS�3T��&ONCEPTION�&ALIFORNIA��'URING������THE 1ORTH�:EST�)ISHERIES�6CIENCE�&ENTER 	1:)6&
 ASSUMED

RESPONSIBILITY�FOR�THE�WEST�COAST�GROUNDFISH�BOTTOM�TRAWL�SURVEY�CONTINUING�THE�PRE�EXISTING�SURVEY

CONDUCTED� BY� THE� $)6&� ALONG� THE� 8�6�� WEST� COAST�� 7HE� 1:)6&� IMPLEMENTED� AN� ANNUAL� FIXED� LINE

TRANSECT� SURVEY� OF� THE� CONTINENTAL� SLOPE� FOR� A� PORTION� OF� THE�8�6��WEST� COAST� FROM������ TO� ����

EXPANDING� TO� A� COAST�WIDE� SURVEY� DURING� ������ 0AJOR� CHANGES� TO� THE� 1:)6&� SURVEY� WERE

IMPLEMENTED�IN������ESSENTIALLY�STARTING�A�NEW�SURVEY�TIME�SERIES�AND�INCLUDED���
�ENCOMPASSING

BOTH�THE�CONTINENTAL�SHELF�AND�SLOPE���
�EXTENDING�THE�SURVEY�PERIOD���
�COVERING�THE�ENTIRE�8�6��WEST

COAST���
�SWITCHING�TO�A�RANDOM�STRATIFIED�DESIGN���
�ADOPTING�NATIONAL�PROTOCOLS�TO�STANDARDIZE�THE

SURVEY��AND��
�INCREASING�THE�NUMBER�OF�STATIONS�AND�SAMPLING�SAYS��%IOLOGICAL�SAMPLING�FOR�DATA�USED

IN�ASSESSMENTS�OCCURS�AT�TWO�LEVELS��THE�LEVEL�OF�THE�TOW�AND�THE�LEVEL�OF�THE�INDIVIDUAL� )OR�EACH�TOW

THE�ENTIRE�SAMPLE�IS�FIRST�SORTED�TO�SPECIES�AND�WEIGHED��$�RANDOM�SUBSAMPLE�IS�USED�TO�RECORD�THE

SEX�AND�LENGTH�OF�INDIVIDUALS�FROM�SELECTED�SPECIES��7HIS�SURVEY�SAMPLES�BOTH�FISHERY�TARGETED�SPECIES

AND�NON�TARGET�SPECIES�NOT�PRESENT�IN�COMMERCIAL�DATA�SETS��$GE�AND�LENGTH�DATA�HAVE�BEEN�COLLECTED

FROM����SPECIES� IN�THE�1:)6&�ANNUAL�SURVEY�	���OF�WHICH�WERE�ALSO�SAMPLED� IN�THE�$)6&�TRIENNIAL

SURVEY
��6URFACE�ENVIRONMENTAL�DATA�ARE�ALSO�COLLECTED�DURING�THE�SURVEY�USING�SENSORS�MOUNTED�ON

THE TRAWL�GEAR��)INALLY�THE�1:)6&�ALSO�CONDUCTS�AN�ACOUSTICS�SURVEY�FOR�3ACIFIC�HAKE�FOR�WHICH�AGE

AND�LENGTH�DATA�ARE�ALSO�AVAILABLE�

&OMMERCIAL�FISHERY�AGE�AND�LENGTH�DATA�ARE�AVAILABLE�VIA�STATE�BASED�SAMPLING�PROGRAMS��7HESE�ARE

GENERALLY�PORT�SAMPLES�WITHOUT�CONCURRENT�COLLECTION�OF�ENVIRONMENTAL�DATA��&OMMERCIAL�DATA�NEEDS

TO BE FILTERED�CAREFULLY�BEFORE�ANALYSIS�AS�NOT�ALL�SAMPLES�ARE�RANDOM�THERE�MAY�BE�MULTIPLE�FLEETS�GEAR

TYPES�USED� TO�CATCH� THE�SAME� SPECIES� AND�OTHER� CONSIDERATIONS�� ,N�MANY�CASES� THE� TIME� SERIES�OF

COMMERCIAL�AGES�AND�LENGTHS�ARE�MUCH�LONGER�AND�HAVE�MUCH�LARGER�SAMPLES�SIZES�COMPARED�TO�THE

1:)6&�SURVEYS��$GE�DATA�GENERATED�FOR�1:)6&�GROUNDFISH�SURVEY�AND�COMMERCIAL�SAMPLES�ALSO�HAVE

ESTIMATES�FOR�BETWEEN�READER�BIAS�AND�VARIABILITY�AT�A�MINIMUM��,N�SOME�CASES�AGE�VALIDATION�STUDIES

ARE�ALSO�AVAILABLE�

*ULF�OF�0EXICO
7HE� GOAL� OF� THE� 1ATIONAL� 0ARINE� )ISHERIES� 6ERVICE� 3ANAMA� &ITY� LABORATORY� AGEING� PROGRAM� IS� TO

DETERMINE�THE�AGE�FREQUENCY�GROWTH�AND�LONGEVITY�OF�ECONOMICALLY�IMPORTANT�DEMERSAL�AND�PELAGIC

SPECIES�IN�THE�8�6��*ULF�OF�0EXICO�AND�8�6��6OUTH�$TLANTIC�IN�ORDER�TO�IMPROVE�PRECISION�ESTIMATES�FOR

STOCK�ASSESSMENT�AND�INFORM�ECOSYSTEM�BASED�MODELING�APPROACHES���7HE�AGE�AND�GROWTH�PROGRAM

BEGAN�IN�THE�EARLY�����S�IN�RESPONSE�TO�MACKEREL�MANAGEMENT�NEEDS�AND�EXPANDED�BASED�ON�THE�*ULF

OF�0EXICO�REEF�FISH�MANAGEMENT�PLAN�IN�THE�EARLY�����S��$GEING�STRUCTURES�HAVE�BEEN�COLLECTED�AND

ARCHIVED�FOR�MORE�THAN����SPECIES��%ECAUSE�OF�THEIR�ECONOMIC�IMPORTANCE�TO�THE�REGION���DEMERSAL

SPECIES�AND���PELAGIC�SPECIES�HAVE� LONG�TERM�AGE�DATASETS�COVERING�SEVERAL�DECADES��7HE�DEMERSAL
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SPECIES�ARE�RED�SNAPPER�	�/.%�)/-���(+ �#�)/-
�VERMILION�SNAPPER�	�#*(�*+'$. -��/,*,/� )-
�GRAY

SNAPPER�	�/.%�)/-�",$- /-
�GAG�	�3�. ,*+ ,���($�,*' +$-
�RED�GROUPER�	�+$) +# '/-�(*,$*
�SCAMP

	�3�. ,*+ ,���+# )�2
� YELLOWEDGE�GROUPER� 	�3+*,.#*�/-� !'�0*'$(��./-
� GRAY� TRIGGERFISH� 	�'$-. -

��+,$-�/-
� AND� GOLDEN� TILEFISH� 	�*+#*'�.$'/-� �#�(� ' *).$� +-
�� � .ING� MACKEREL� 	��*(� ,*(*,/-

��0�''�
� AND� 6PANISH� MACKEREL� 	��*(� ,*(*,/-� (��/'�./-
� ARE� THE� PELAGIC� SPECIES� FROM� WHICH

SAMPLES�ARE�COLLECTED�

$GEING� STRUCTURES� WERE� COLLECTED� FROM� FISHERY� DEPENDENT� AND� FISHERY� INDEPENDENT� LANDINGS�

&OMMERCIAL� AND� RECREATIONAL� LANDINGS� ACCOUNTED� FOR� ���� AND� ���� OF� SAMPLES� RESPECTIVELY�

&OMMERCIAL�SAMPLES�WERE�OBTAINED�THROUGH�REPRESENTATIVE�SAMPLING�IN�PROPORTION TO�THE�CATCH��&ATCH

LOCATIONS�WERE�ASSIGNED�TO�A�1ATIONAL�0ARINE�)ISHERIES�6ERVICE�STATISTICAL�GRID��5ECREATIONAL�SAMPLES

WERE�COLLECTED�BY�OPPORTUNISTIC�DOCKSIDE�SAMPLING�IN�PROPORTION�TO�THE�CATCH��0OST�OFTEN�ONLY�GENERAL

CATCH�OR�LANDING�LOCATIONS�WERE AVAILABLE��)ISHERY�INDEPENDENT�SAMPLES�WERE�COLLECTED�MAINLY�BY�REEF

FISH�SURVEYS�USING�A�STRATIFIED�RANDOM�SAMPLING�DESIGN��(XACT�CATCH�LOCATIONS�WERE�OFTEN�RECORDED�FOR

THESE� CATCHES�� �$LL� SPECIES�WITH� THE�EXCEPTION�OF� GRAY� TRIGGERFISH�WERE�AGED�USING�EITHER�WHOLE�OR

SECTIONED�SAGITTAL�OTOLITHS��6ECTIONS�OF�THE�FIRST�DORSAL�SPINE�WERE�USED�TO�AGE�GRAY�TRIGGERFISH�SINCE�THE

OTOLITHS�ARE�SMALL�FRAGILE�AND�DIFFICULT�TO�EXTRACT�	$LLMAN�ET�AL������
��2F�THE����SPECIES�AGED���ARE

CONSIDERED�MODERATELY�DIFFICULT�TO�AGE��)OR�THESE�SPECIES�A�BENCHMARK�AVERAGE�PERCENT�ERROR�	$3(�

%EAMISH�AND�)OURNIER�����
�OF����OR�LESS�IS�USED�AS�AN�ACCEPTABLE�LEVEL�OF�BETWEEN�READER�PRECISION�

*RAY�TRIGGERFISH�SCAMP�YELLOW�EDGE�GROUPER�AND�GOLDEN�TILEFISH�ARE�CONSIDERED�DIFFICULT�TO�AGE�AND�AN

$3(� OF� LESS� THAN� ������� IS� CONSIDERED� AN� ACCEPTABLE� LEVEL� OF� PRECISION� FOR� THESE� SPECIES�� %OMB

RADIOCARBON�HAS�BEEN�USED�TO�VALIDATE�OTOLITH�BASED�AGES�FOR�RED�SNAPPER�	%AKER�AND�:ILSON������

%ARNETT�ET�AL������
�GRAY�SNAPPER�	)ISCHER�ET AL������
�AND�YELLOW�EDGE�GROUPER�	&OOK�ET�AL������
�

/EAD�RADIUM�DATING�TECHNIQUES�WERE�COMPARED�TO�OTOLITH�BASED�AGES�FOR�GOLDEN�TILEFISH�AND�CONFIRMED

A� LONGEVITY� OF� ��� YEARS� HOWEVER� RADIOMETRIC� AGES� DID� NOT� CONFIRM� OTOLITH� BASED� AGES� FOR� MALES

	/OMBARDI�AND�$NDREWS�����
��$NNULUS�FORMATION�IN�DORSAL�SPINE�SECTIONS�OF�GRAY�TRIGGERFISH�HAS�BEEN

VALIDATED�USING OXYTETRACYCLINE�DIHYDRATE MARKED�CAPTIVE�REARED�INDIVIDUALS�

��� 0ETHODS�OF�ANALYSING�GROWTH�DATA�FOR�FISH
*ROWTH� IS� A�BIOLOGICAL� PROCESS� THAT� IS� UNDERSTOOD� THROUGH�A� RICH�AND�WELL� DEVELOPED� THEORY�� � <ET

STATISTICAL�TREATMENTS�OF�GROWTH�OFTEN�DO�NOT�ACCOUNT�FOR�THE�UNDERLYING�BIOLOGICAL�PROCESSES�AND�AS

A�RESULT�MAY�MAKE�INAPPROPRIATE�ASSUMPTIONS�AND�ESTIMATE�IMPLAUSIBLE�PARAMETER�VALUES���0OREOVER

ANY�ATTEMPT�TO� LINK�GROWTH�TO�ENVIRONMENTAL�CHANGE�NEEDS�TO�HAVE�BIOLOGICALLY�BASED�MECHANISMS

RELATING�GROWTH�MODEL�PARAMETERS�TO�THE�ENVIRONMENT���7HE�VON�%ERTALANFFY�GROWTH�FUNCTION�IS�BASED

ON� A�MECHANISTIC� GROWTH�MODEL� WHERE� GROWTH� IS� THE� DIFFERENCE BETWEEN� ANABOLIC� AND� CATABOLIC

PROCESSES��7HESE�PROCESSES�RESULT�IN�COVARIATION�BETWEEN�MODEL�PARAMETERS�SUCH�AS�ASYMPTOTIC�SIZE

AND� GROWTH� RATE��0ODELS� CAN� BETTER� BE� INTERPRETED� BY� RECOGNIZING� THAT� ASYMPTOTIC� SIZE� IS� ITSELF� A

DERIVED� QUANTITY� FROM� RATE� CONSTANTS� THAT� DESCRIBE� THE� RATE� OF� ENERGY� INTAKE� VERSUS� ENERGY

EXPENDITURE���)INALLY�PHYSIOLOGISTS�HAVE�A�KEEN�UNDERSTANDING�OF�THE�DISTINCT�WAYS�THAT�DIFFERENT�TYPES

OF�ENVIRONMENTAL�CONDITIONS�AFFECT�METABOLISM�AND�THEREFORE�GROWTH���'ESPITE�THIS�RICH�THEORY�SOME

RECENT� ANALYSIS� OF� GROWTH� TRAJECTORIES� FAILED� TO� ADEQUATELY� CHARACTERIZE� THE� ENVIRONMENT�GROWTH

LINKAGE���,N�THE�SHORT�TERM THIS�LINE�OF�INQUIRY�CAN�BE�ENHANCED�BY�BEING�MORE�EXPLICIT�ABOUT�MODEL

ASSUMPTIONS�AND�JUSTIFYING�THESE�ASSUMPTIONS�BASED�ON�METABOLIC�THEORY�

����� 6TATE�SPACE�MODELS
6TATE�SPACE�TIME�SERIES�MODELS�	6ECTION������
�HAVE�BEEN�USED�TO�MODEL�VARIATION�IN�FISH�SIZE�AT�AGE�IN

SEVERAL�LARGE�MARINE�ECOSYSTEMS�IN�THE�NORTH�3ACIFIC��$�TIME�SERIES�APPROACH�	RATHER�THAN�A�STRUCTURAL
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MODEL SUCH�AS�THE�VON�%ERTALANFFY�GROWTH�FUNCTION USED�IN�6ECTION������
�WAS�USED�DUE�TO�DIFFICULTY�IN

MODELING�ANNUAL�CHANGES�IN�THE�LENGTH�AT�INFINITY�PARAMETER�WITH�MOST�TYPICAL�FISHERIES�DATASETS��7HE

TYPES�OF�GROWTH�VARIATION�INCLUDES���
�INITIAL�SIZE�VARIABILITY�	I�E��THE�INITIAL�SIZE�AT�YOUNG�AGE�AFFECTS�THE

SIZE�AT�AGE�FOR�REST�OF�YOUR�LIFE
���
�COHORT�VARIABILITY�	I�E��THE�GROWTH�RATE�DEPENDS�ON�THE�YEAR�OF�BIRTH
�

AND��
�ANNUAL�VARIABILITY�	I�E��THE�GROWTH�RATE�DIFFERS�BETWEEN�YEARS�AFFECTING�EACH COHORT�SIMILARLY

WITHIN� A� GIVEN� YEAR
�� 6IMULATION� TESTING� INDICATED� THAT� THESE� TYPES� OF� GROWTH� VARIATION� COULD� BE

CORRECTLY� IDENTIFIED�BY�THE�STATISTICAL�ESTIMATION�MODEL�HOWEVER� THE�ESTIMATION�MODEL�SOMETIMES

IDENTIFIED� GROWTH� VARIATION�WHEN� IT� DID� NOT EXIST� IN� THE� SIMULATED� DATA� INDICATING� A� TENDENCY� FOR

OVERFITTING��7HE�MODEL�WAS�FIT�TO�STOCKS�FROM�THE���LARGE�MARINE�ECOSYSTEMS�IN�THE�1ORTH�3ACIFIC� &&

*2$�AND %6$,� $NNUAL�VARIABILITY�WAS�THE�MOST�COMMON SIGNIFICANT�TERM�IN�THE�MODEL FOR�THE && AND

*2$�BUT�INITIAL�SIZE�VARIABILITY�WAS�THE�MOST�COMMON�FOR�THE %6$, 	BASED�ON�BOTH�FISHERY�AND�SURVEY

DATA
��APPLICATION�OF�THE�MODEL�TO�ONLY�THE�FISHERY�DATA�INCREASED�THE�NUMBER�OF�STOCKS�FOR�WHICH�THE

DOMINANT�SOURCE�OF�GROWTH�VARIATION�WAS�ANNUAL�VARIATION�

6TATE�SPACE�MODELS�INCORPORATE�BOTH�PROCESS�ERRORS�AND�OBSERVATION�ERRORS� &ONSIDERABLE�WORK�WAS

DONE�TO�IDENTIFY�FACTORS�THAT�CAN�INFLUENCE�OBSERVATIONS�INCLUDING�SURVEY�VS�FISHERY�OBSERVATIONS�GEAR

SELECTIVITY� TYPE�OF� GEAR� 	I�E� TRAWL� LONGLINE ETC�
� AGE� READING�METHOD� SEASON� DEPTH� AND� SPATIAL

LOCATION��7HESE�ISSUES�MAY�BE�DEALT�WITH�BY�TRIMMING�THE�DATA�TO�REDUCE�HETEROGENEITY�INTRODUCED�BY

SAMPLING�METHODS�OR�BY�USING�COVARIATES��6OME�ISSUES�OBSERVED�IN�THIS�WORK�WHICH�ARE�MORE�GENERALLY

APPLICABLE�INCLUDE��THE�IMPORTANCE�OF�THE�SPATIAL�SCALE�RELEVANT�TO�GROWTH�VARIATION��THE�ASSUMPTIONS

OFTEN� REQUIRED� IN� OBTAINING� ESTIMATES� OF� THE� VON� %ERTALANFFY� PARAMETERS� 	I�E�� GROWTH� RATE� AND

MAXIMUM�SIZE�ARE�NEGATIVELY�CORRELATED
��WHICH�POPULATION�SEGMENTS�IS�GROWTH�TO�VARY�IN�	E�G��SETS�OF

COHORTS�ALL�COHORTS�WITHIN�SELECTED�YEARS
��WHETHER�COVARIATES�ARE�AVAILABLE�THAT�COULD�INTRODUCE�BIAS

IN�DATA�SETS�

6TATE�SPACE�MODELS�ARE�ALSO�A�USEFUL�METHOD�FOR�DETERMINING�THE�EFFECTS�OF�ENVIRONMENTAL�CORRELATES

	E�G��TEMPERATURE
�ON�BIOLOGICAL�PROCESSES�SUCH�AS�GROWTH�AND�MATURATION��8SING�AN�APPROACH�SIMILAR

TO�THE�STATE�SPACE�MODEL�OF�6TAWITZ�ET�AL�� 	ABOVE
�0ILLER�ET�AL�� 	����
� INCORPORATED�ENVIRONMENTAL

CORRELATES� THAT� ARE� MEASURED� WITH� OBSERVATION� ERRORS� 7HE� STATE�SPACE� MODEL� PREDICTED� THE

ENVIRONMENTAL�COVARIATES�ALONG�WITH�FISH�SIZE�AND�WEIGHT��5EPEATED�MEASUREMENTS�OF�TEMPERATURE�AT

SAMPLING� STATIONS� BETWEEN� ����� AND� �����ON� THE� NORTHEAST� 8�6�� SHELF� ALLOWED� DEVELOPMENT� OF� A

REFERENCE�TEMPERATURE�FOR�EACH�AREA�AND�SAMPLING�TIME�AND�TEMPERATURE�RECORDS�WERE�COMPUTED�AS

ANOMALIES�FROM�THE�TEMPERATURE�REFERENCE��+OWEVER�THE�DEVELOPMENT�OF�THE�TEMPERATURE�REFERENCE

INTRODUCES�SOME�UNCERTAINTY�THAT�IS�TAKEN�INTO�ACCOUNT�IN�THE�STATE�SPACE�MODEL��2BSERVATIONS�OF�FISH

LENGTH�AND�WEIGHT�ARE�ALSO MODELLED AS�A� FUNCTION�OF�PROCESS�ERRORS�AND�OBSERVATION�ERRORS�AND�A

GENERALIZED� VON� %ERTALANFFY� MODEL� IS� USED� IN� WHICH� THE� GROWTH� RATE� PARAMETER� IS MODELLED IN� A

PIECEWISE�MANNER�BETWEEN�SUCCESSIVE�AGES�AS�A�FUNCTION OF�TEMPERATURE��7HE�FIXED�EFFECT�PARAMETERS

ARE� ESTIMATED� BY� MAXIMIZING� THE� MARGINAL� LIKELIHOODS� WHILE� INTEGRATING� OVER� THE� ENVIRONMENTAL

COVARIATES� 	WHICH�ARE� TREATED�AS� RANDOM�EFFECTS
 IN�7EMPLATE�0ODEL�%UILDER SOFTWARE��$� SERIES�OF

MODEL�WERE�CONSIDERED�RANGING�FROM�A�NULL�MODEL�WITH�NO�EFFECTS�OF�TEMPERATURE�TO�MORE�COMPLEX

MODELS�WHERE�TEMPERATURE�AFFECTS�EACH�AGE�DIFFERENTLY�WITH�AUTOREGRESSIVE�DEVIATIONS��6IMULATION

MODELING�INDICATED�LARGE�DEVIATIONS�BETWEEN�PREDICTED�AND�OBSERVED�TEMPERATURE�WHEN VARIATION�IN

GROWTH�RATES�IS MODELLED AS�ONLY�A�FUNCTION�OF�TEMPERATURE��7HIS�IS�AN�EXAMPLE�OF�xALIASINGy�IN�WHICH

THE� FIT�OF� THE� SIZE�DATA�WAS� IMPROVED�BY�ALLOWING� THE�ESTIMATED� TEMPERATURE� TO�DEVIATE� FROM�THE

OBSERVATIONS�OF�TEMPERATURE�	I�E��THE�ESTIMATES�OF�TEMPERATURE�WERE�BEING�INFLUENCED�MORE�STRONGLY

BY�THE�GROWTH�DATA�RATHER�THAN�THE�TEMPERATURE�DATA
��$PPLIED�TO�*EORGES�%ANK�$TLANTIC�COD�BOTTOM

TEMPERATURE�EXPLAINS�GROWTH�VARIATION�IN�THE�FIRST�YEAR�OF�LIFE��7HE�STATE�SPACE�APPROACH�OF�ALLOWING



��

ERROR�IN�THE�OBSERVATIONS�OF�COVARIATES�IS�A�NATURAL�APPROACH�FOR�MODELING�THE�EFFECT�OF�TEMPERATURE

ON� FISH� GROWTH�� +OWEVER� ALLOWING� FOR� UNEXPLAINED� ANNUAL� VARIATION� IN� GROWTH� 	AS� OPPOSED� TO

ATTRIBUTING� IT� ENTIRELY� TO� TEMPERATURE
� IS� IMPORTANT� IN� ORDER TO� AVOID� ALIASING� AND� ITS� RESULTANT

ERRONEOUS�PARAMETER�ESTIMATES�

����� 'YNAMIC�FACTOR�ANALYSIS
%AUDRON� ET� AL�� 	����
� USED� A� ')$� TO� INVESTIGATE� CHANGES� IN� GROWTH� PARAMETERS� IN� 1ORTH� 6EA� FISH

	6ECTION������
��7O�DO�SO�THEY�FIRST�FITTED�A�VON�%ERTALANFFY�GROWTH MODEL�TO�EACH�SPECIES�ON�A�COHORT

BASIS� THEREBY� ASSUMING� THAT� ALL� INDIVIDUALS� WITHIN� A� COHORT� 	I�E�� BORN� IN� THE� SAME� YEAR
� WOULD

EXPERIENCE�SIMILAR�ENVIRONMENTAL�CONDITIONS�THROUGH�LIFE��$S�A�RESULT�THEY�OBTAINED�TIME�SERIES�OF�VON

%ERTALANFFY� GROWTH�PARAMETERS� FOR� EACH� SPECIES�� 6INCE�BOTH� THE�ASYMPTOTIC� LENGTH� 	/{
� AND�.� 	THE

CURVATURE�OF�THE�GROWTH�CURVE�I�E��HOW�FAST�/{ IS�REACHED
�ARE�HIGHLY�CORRELATED�INVESTIGATING�ONLY�ONE

OF�THESE�TWO�PARAMETERS�IS�SUFFICIENT�TO�CAPTURE�A�CHANGE�IN�GROWTH�TRAJECTORIES�OVER�TIME��%AUDRON�ET

AL��	����
�CHOSE�/{ SINCE�IT�IS�A�LENGTH�AND�THEREFORE�MORE�REPRESENTATIVE�OF�A�CHANGE�IN�BODY�SIZE�

')$� IS�A�TIME�SERIES�STATISTICAL�ANALYSIS�WHICH�PURPOSE� IS� TO� IDENTIFY�ONE�OR�SEVERAL�COMMON�TRENDS

AMONG�A�SET�OF�TIME�SERIES�IN�ORDER�TO�EXPLAIN�THE�TEMPORAL�VARIATION�ACROSS�THESE�TIME�SERIES�USING

THE�MINIMUM�AMOUNT�OF�COMMON�TRENDS��7HE�EQUATION�OF�THE�')$�MODEL�APPLIED�TO�/{ TIME�SERIES�AS

DONE�BY�%AUDRON�ET�AL��	����
�IS�AS�FOLLOWS�

WHERE�S�IS�THE�SPECIES�T�IS�THE�YEAR�X�IS�THE�COMMON�TREND�=�IS�THE�FACTOR�LOADING�A�IS�THE�OFFSET�AND

LASTLY r IS�THE�ERROR�TERM S [ 	� 
 WITH�5�BEING�THE�ERROR�COVARIANCE�MATRIX�

,N�THEIR�STUDY�%AUDRON�ET�AL��	����
�USED�THE�')$�TO�IDENTIFY�A�DECLINING�COMMON�TREND�IN�/{�TO�WHICH

THE�MAJORITY�OF�SPECIES�WERE�POSITIVELY�	FACTOR�LOADING�VALUES�!��
�AND�EQUALLY�	ALL�SPECIES�HAS�SIMILAR

VALUES�OF�FACTOR�LOADINGS
��7HIS�DECLINING�COMMON�TREND�COINCIDED�WITH�THE�INCREASE�IN�SEA�TEMPERATURE

OBSERVED�IN�THE�STUDY�AREA�AS�SHOWN�BY�SIGNIFICANT�NEGATIVE�CORRELATIONS��%AUDRON�THEN�REPEATED�THE

')$�APPROACH�ON�SPECIES�SPECIFIC�FACTORS�THAT�COULD�ALSO�EXPLAIN�A�DECLINE�IN�BODY�SIZE�	E�G��FISHING�

INDUCED�EVOLUTION
�AND�FOUND�NO�COMMON�TRENDS��7HIS�INDICATES�THAT�THE�RISE�IN�SEA�TEMPERATURE�IS�THE

MOST�LIKELY�EXPLANATION�FOR�THE�SYNCHRONOUS�DECLINE�IN�BODY�SIZE�OBSERVED�ACROSS�SPECIES�CONSISTENTLY

WITH�OUR�PHYSIOLOGICAL�UNDERSTANDING��,T�SHOULD�BE�NOTED�HOWEVER�THAT�%AUDRON�ET�AL��	����
�DID�NOT

DEMONSTRATE� CAUSALITY� BETWEEN� SHRINKING� SIZES� AND� WARMING� BUT� MERELY� PROCEEDED� BY� LOGICAL

ELIMINATION�OF�FACTORS�OTHER�THAN�SEA�TEMPERATURE�USING�')$� ')$�WAS�ALSO�USED�FOR�$USTRALIAN�GROWTH

DATA�	6ECTION������
�ILLUSTRATING�THAT�IT�CAN�BE�WIDELY�APPLIED�

����� /INKING�OCEAN�CONDITIONS�TO�GROWTH
*ENERAL� PHYSIOLOGICAL� THEORY� CAN� BE� USED� TO� INTERPRET� BIOGEOGRAPHICAL� PATTERNS� 	I�E�� LATITUDINAL

GRADIENTS� IN�BODY�SIZE
�AND�TEMPORAL�CHANGES� IN�VON�%ERTALANFFY�GROWTH�PARAMETERS� THAT�ARE�OFTEN

RELATED�TO�TEMPERATURE��$QUATIC�ECTOTHERMS�SUCH�AS�MARINE�FISH�WILL�ATTEMPT�TO�DISTRIBUTE�THEMSELVES

SO�AS�TO�MAXIMIZE�GROWTH�PERFORMANCE�	3ORTNER�AND�)ARRELL�����
��2XYGEN�LIMITATION�THEORY�INDICATES

THAT� THE� MAXIMUM� BODY� SIZE� IS� OBTAINED� WHEN� OXYGEN� DEMAND� MEETS� OXYGEN� SUPPLY�� 5ISING

TEMPERATURES� INCREASE� THE�DEMAND� FOR�OXYGEN�WHILE�ALSO� LOWERING� THE�SUPPLY� RESULTING� IN� SMALLER

BODY� SIZES�WHICH� CAN� HAVE� SUBSEQUENT�EFFECTS�ON�MORTALITY�MATURITY� FECUNDITY� AND� RECRUITMENT

	&HEUNG�ET�AL������A
�



��

3REDICTIONS�OF�FISH�GROWTH�CAN�BE�OBTAINED�FROM�THE�VON�%ERTALANFFY�GROWTH�FUNCTION�WHICH�CAN�BE

PARSED� INTO�ANABOLISM� 	A� FUNCTION�OF�BOTH�OXYGEN�AND� TEMPERATURE
�AND�CATABOLISM� 	A� FUNCTION�OF

TEMPERATURE
��3REDICTIONS�OF� THE�PERCENT�CHANGE� IN� THE�MAXIMUM�BODY�WEIGHT�ARE�CONSISTENT�WITH

OBSERVATIONAL�DATA�	I�E��1ORTH�6EA�0EDITERRANEAN
�AND�EXTRAPOLATIONS�OF�SHRINKING�BODY�SIZE�FROM

OTHER�AQUATIC�ECTOTHERMS�TO�MARINE�FISH�SUGGEST�DECLINES�IN�BODY�SIZE�OF [������	&HEUNG�ET�AL������B
�

'ECREASED�MAXIMUM� BODY� SIZE� ALSO� AFFECTS� GROWTH� PERFORMANCE� 	AS� INDICATED� BY� VON� %ERTALANFFY

GROWTH�PARAMETERS
�WHICH�HAS�BEEN�OBSERVED�FOR�$TLANTIC�COD�	&HEUNG�ET�AL������
��7HERE�IS�A�CURRENT

DEBATE�IN�THE�LITERATURE�ON�THE�BODY�SIZE�SCALING�EXPONENT�IN�THE�ANABOLISM�TERM��&HEUNG�ET�AL��	����A


USED�A�VALUE�OF ����FOR�THIS�TERM�WHICH�CAN�BE�CONSIDERED�AN�AVERAGE�ACROSS�FISH�POPULATIONS��%IGGER

AND�MORE�ACTIVE�FISH�	SUCH�AS�TUNA
�WOULD�HAVE�A�LARGER�EXPONENT�BECAUSE�THEY�RELY�ON�MUSCLE�ENERGY

TO�SUPPORT�THEIR�ACTIVE�LIFESTYLE�	3AULY�AND�&HEUNG�����
�

7HE�METABOLIC� RATES� OF�MARINE� FISH�WILL� REFLECT� THE� FLUCTUATING� ENVIRONMENTS� THEY� EXPERIENCE� AND

WARMING�AND�DEOXYGENATION�WILL�AFFECT�THE�FREQUENCY�IN�WHICH�FISH�EXPERIENCE�PHYSIOLOGICALLY�STRESSFUL

CONDITIONS�	3AULY�AND�&HEUNG�����
��7HESE�PHYSIOLOGICAL�DRIVERS�WOULD�BE�EXPECTED�TO�RESULT�IN�FISH

MOVING�TO�HIGHER�LATITUDES�	OR�DEEPER�WATER
�WITH�WARMING�WHICH�WOULD�CHANGE�THE�SIZE�DISTRIBUTIONS

OF� FISH� COMMUNITIES� 	&HEUNG� ET� AL� ����A
�� 3REDICTIONS� FROM� A� GLOBAL� MODEL� INDICATE� DECLINES� IN

ASSEMBLAGE�LEVEL� BODY� SIZE� 	FROM� BOTH� CHANGES� IN� INDIVIDUAL� GROWTH� AND� SHIFTING� BIOGEOGRAPHY


BETWEEN�����AND�����BETWEEN������AND������WHICH�THE� LARGEST�CHANGES� IN�THE�TEMPERATE� �AND

TROPIC�REGIONS�	&HEUNG�ET�AL������A
�

����� (FFECTS�OF�CLIMATE�ON�INDIVIDUAL�GROWTH�VARIABILITY�OF�FISH�IN�THE�1ORTH�3ACIFIC�2CEAN
$NNUAL�GROWTH�INCREMENT�WIDTHS�MEASURED�IN�MARINE�ORGANISM�HARD�STRUCTURES�PROVIDE�AN�INTEGRATED

MEASURE�OF�AN�ANIMALwS�GROWTH�RATE�OVER�ITS�LIFE�SPAN�AND�WHEN�RELATED�TO�ENVIRONMENTAL�VARIABILITY

REVEAL� EVIDENCE� FOR� A� BIOPHYSICAL� RESPONSE�� � $T� THE� INDIVIDUAL� SPECIES� OR� STOCK� LEVEL� RELATIONSHIPS

BETWEEN�GROWTH�AND�CLIMATE�ARE�OFTEN�WEAK��+OWEVER�EVIDENCE�FOR�A�FUNCTIONAL�RESPONSE�BETWEEN

CLIMATE�VARIABILITY�AND�ANIMAL�GROWTH� IS�STRENGTHENED�WHEN�SUCH�A�RESPONSE� IS�SEEN�ACROSS�DIVERSE

TAXA�UNDER�THE�INFLUENCE�OF�PHYSICAL�PROCESSES�IN�A�GIVEN�ECOSYSTEM���,N�THIS�STUDY�A�SYNTHESIS�OF�THE

RESPONSE� BETWEEN� CLIMATE� VARIABILITY� AND� GROWTH� IS�PRESENTED�OVER� DIVERSE� TAXA� IN� THE�&& $LASKA

&OASTAL�&URRENT 	$&&
 AND�THE�(%6�ECOSYSTEMS���(XACTLY�DATED�GROWTH�INCREMENT�DATA�WERE�ANALYZED

WITH�HIERARCHICAL�%AYESIAN�AND�NONLINEAR�MIXED�EFFECTS�METHODS�THAT MODELLED GROWTH�AS�INTRINSIC�AGE�

AND� EXTRINSIC� CLIMATE�RELATED� EFFECTS� INCLUDING� 667� COASTAL� UPWELLING THE 0ULTIVARIATE� (NSO� ,NDEX

	0(,
� AND THE 3ACIFIC� 'ECADAL� 2SCILLATION 	3'2
�� � 5OCKFISH� 	� ��-. -� +*'3-+$)$-
� GROWTH� IN� THE� &&

SYSTEM�RESPONDED�POSITIVELY�TO�UPWELLING�DERIVED�PRODUCTION�CHARACTERIZED�BY�HIGHER�THAN�AVERAGE

GROWTH�DURING�YEARS�WITH�HIGHER�COASTAL�UPWELLING�AND�COOL�WATER 	0ATTA�ET�AL������� )IGURE ��
���,N

CONTRAST�ROCKFISH�GROWTH�IN�THE�$&&�RESPONDED�FAVORABLY�TO�A�COMBINATION�OF�WINTER�MIXING�FOLLOWED

BY�STRONG�SPRING�SUMMER�STRATIFICATION�CHARACTERISTIC�OF�INCREASED�GROWTH�DURING�YEARS�WITH�WARMER

WATER�TEMPERATURES�AND�RELAXED�SPRING�DOWNWELLING��7HE�SAME�RELATIONSHIP�BETWEEN�GROWTH�AND�THE

INDEX�OF 3'2 AND 667WAS�EVIDENT�FOR�A�POPULATION�OF�GEODUCK�OFF�THE�COAST�OF�%RITISH�&OLUMBIA�&ANADA

	+ELSER�ET�AL������
�� �)LATFISH�GROWTH�IN�THE�$&&�AND�(%6�RESPONDED�POSITIVELY�TO�AN�INCREASE�IN�SEA

SURFACE�AND�BOTTOM�TEMPERATURES�AND�NEGATIVELY�TO�THE�EXTENT�OF�SEA�ICE�COVER�IN�THE�%ERING�6EA���6LOPE

ROCKFISH�SHOWED�MUCH�LESS�GROWTH�VARIABILITY�THAN�COMPARED�TO�NEARSHORE�ROCKFISH�INDICATING�THAT�LOW

FREQUENCY�GROWTH�EFFECTS�MAY�BE�MORE�STRONGLY�COUPLED�TO�BASIN�SCALE�PROCESSES�SUCH�AS�0(,���7HESE

RESULTS�SUGGEST�THAT�BIOPHYSICAL�COUPLING�BETWEEN�PHYSICAL�FACTORS�AND�ROCKFISH�GROWTH�LIKELY�OCCURS�AT

SEVERAL� DIFFERENT� SPATIAL� AND� TEMPORAL� SCALES�� �0OREOVER� THE� APPROACH� REPRESENTS A�MORE� GENERAL

STATISTICAL�METHODOLOGY�FOR�THE�ANALYSIS�OF�GROWTH�INCREMENT�DATA�BECAUSE�IT�PARTITIONS�AND�ESTIMATES

BOTH�THE�INTRINSIC�AGE�AND�EXTRINSIC�CLIMATE�EFFECTS�ON�GROWTH�VARIABILITY�



��

�1/=:-� 	��� 0ATTA� ET� AL�� ������ 	A
� &ORRELATION COEFFICIENTS� BETWEEN� NORTHERN� ROCKFISH� 	� ��-. -

+*'3-+$)$-
�OTOLITH�BIOCHRONOLOGY�AND�MONTHLY�VALUES�OF�667�AND 3'2 INDEX�INCLUDING�THOSE�FROM�THE

PRIOR� YEAR��'ASHED� LINE� INDICATES� SIGNIFICANCE� THRESHOLD� FOR� THE� CORRELATIONS� 	Ps�s����
��0APS�OF� 	B


CORRELATION�COEFFICIENTS�	R
�AND�	C
�ASSOCIATED�P�VALUES�BETWEEN�GRIDDED�667�AND�THE�NORTHERN�ROCKFISH

OTOLITH� BIOCHRONOLOGY� OVER� THE� PERIOD� OF� ����t������ /INEAR� REGRESSIONS� OF� THE� NORTHERN� ROCKFISH

OTOLITH�INDEX�ON�	D
�THE�3'2�AND�	E
 *2$ 667�FOR�THE�YEARS�����t����

����� $CROSS�SPECIES� COMPARISON� OF� GROWTH� AND� BODY� SIZE� IN� MARINE� FISH� FROM� POLAR� TO

TROPICAL�REGIONS
0ARINE�FISH�ARE�ECTOTHERMS�AND�THIS�MEANS�THAT�THEY�TYPICALLY�RESPOND�TO�INCREASING�TEMPERATURE�WITH

FASTER� GROWTH� AND� A� REDUCTION� IN� ADULT� BODY� SIZE 	$TKINSON� ����
�� 7HIS� RESPONSE� IS� OBSERVED� IN

ACCLIMATION�STUDIES�AND�IN�THE�FIELD�	$TKINSON�������)ORSTER�ET�AL������
�AND�IS�SUGGESTED�AS�ONE�OF�THE

MAIN�RESPONSES�OF�FISH�TO�CLIMATE�WARMING�	5IJNSDORP�ET�AL��������&HEUNG�ET�AL������
��<ET�THE�INITIAL

PHYSIOLOGICAL�RESPONSE�TO�TEMPERATURE�MAY�NOT�TRANSLATE�DIRECTLY�INTO�A�LONG�TERM�RESPONSE�FOR�AT�LEAST

THREE�REASONS���
�IT�DOES�NOT�INCORPORATE�THERMAL�ACCLIMATION�AND�ADAPTATION��
�IT�DOES�NOT�TAKE�INTO

ACCOUNT� THAT�ANY�PHYSIOLOGICAL� RESPONSE�TO� TEMPERATURE�MAY�BE�MODIFIED�BY�CHANGES� IN�ECOLOGICAL

DYNAMICS�AFFECTING�FOOD�AVAILABILITY�FEEDING�OR�ACTIVITY�AND��
�IT�DOES�NOT�ACCOUNT�FOR�CHANGES�IN�THE

SPECIES�COMPOSITION�AND�HENCE�FOOD�WEB�AND�COEXISTENCE�DYNAMICS�OF�A�FISH�COMMUNITY�SUBJECT�TO

CLIMATE�CHANGE�	E�G��=HANG�ET�AL������
�

7HE�ABOVE�PROCESSES�MAY�FAVOUR�THE�INITIAL�PHYSIOLOGICAL�CHANGES�WITH�TEMPERATURE�OR�MAY�SELECT�FOR

A� DIFFERENT� LIFE�HISTORY� TRAIT� COMPOSITION� 	2HLBERGER� ����
�� )OR� EXAMPLE� PREVIOUS� WORK� ON

TEMPERATURE�IN�MARINE�FISH�ALREADY SHOWED�THAT�AT�LEAST�SOME�COLD�WATER�SPECIES�HAVE�GROWTH�RATES

THAT�APPROACH�THOSE�OF�TEMPERATE�AND�TROPICAL�SPECIES�WITH�A�SIMILAR�ECOLOGICAL�LIFESTYLE�AND�OF�SIMILAR

BODY�SIZE�	&LARKE�����
��7HIS�SHOWS�IT�IS�DIFFICULT�TO�PREDICT ��+,$*,$WHETHER�THE�CHANGES�IN�GROWTH�AND

BODY�SIZE�WITH�TEMPERATURE�	FOLLOWING�THE�TEMPERATURE�SIZE�RULE
�WILL�BE�LONG�LASTING��,N�AN�ATTEMPT�TO

UNDERSTAND� THIS� FURTHER� VAN�'ENDEREN� ET� AL�� 	�)� � 0$ 1
� EXAMINED� THE�EFFECTS� OF� TEMPERATURE�ON

GROWTH�AND�BODY�SIZE�IN�EXISTING�FISH COMMUNITIES�FOR�WHICH�IT�CAN�BE�ASSUMED�THAT�ALL�PROCESSES�OF



��

SELECTION� HAVE� ALREADY� PLAYED� OUT�� *ROWTH� AND� ASYMPTOTIC� BODY� SIZE� WERE� DERIVED� FROM� THE� VON

%ERTALANFFY�PARAMETERS�FOR�MARINE�FISH�ACROSS�A�WIDE�RANGE�OF�HABITATS�	COVERING�A�GLOBAL�SCALE
�AND

ECOLOGICAL�LIFESTYLES�	HEREAFTER�TERMED�GUILDS $� � SMALL�AND�LARGE�PELAGICS�AND�DEMERSALS�SHARK�RAYS

AND� DEEP�LIVING� FISH
�� 7HE� RESULTS� SHOW� THAT� THE� AVERAGE� ASYMPTOTIC� BODY� SIZES� OF� FISH� GUILDS� ARE

CONSTANT�ACROSS�TEMPERATURE��7HE�RESULTS�FURTHER�SHOW THAT�THE�SCALING�OF�GROWTH�WITH�TEMPERATURE

VARIES�ACROSS�GUILDS�FROM�LARGELY�INDEPENDENT�OF�TEMPERATURE�TO�STRONGLY�POSITIVE�	SEE�TWO�EXAMPLES

IN )IGURE ��
�

�1/=:- 	� 5ELATIONSHIPS�BETWEEN�FISH�GROWTH�AND�TEMPERATURE�FOR� LARGE�DEMERSALS�	LEFT
�AND�SMALL

PELAGICS�	RIGHT
��)OR�BOTH�GROUPS�THE�TEMPERATURE�IS�EXPRESSED�AS���	K7
�FOR�THE�RANGE�[�����\&��)IGURE

FROM�VAN�'ENDEREN�ET�AL��	,N�5EVIEW
�

7HESE�RESULTS�SUGGEST�THAT�MANY�OF�THE�CHANGES�IN�GROWTH�AND�BODY�SIZE�THAT�ARE�NOW�OBSERVED�WITH

CLIMATE�CHANGE�WILL�NOT�BE�LONG�LASTING�AS�THERE�IS�NO�INDICATION�THAT�FASTER�GROWTH�AND�SMALLER�BODY

SIZES�ARE�CONSISTENTLY�SELECTED�FOR�IN�WARMER�WATERS��7HIS�INDICATES�THAT�THE�PHYSIOLOGICAL�RESPONSE�TO

TEMPERATURE�	AS�PREDICTED�BY�THE�TEMPERATURE�SIZE�RULE�AND�METABOLIC�THEORY
�SHOULD�PERHAPS�NOT�BE

USED�TO�INFER�HOW�POPULATIONS�GUILDS�AND�COMMUNITIES�RESPOND�IN�THE�LONGER�TERM�OR�TO�PREDICT�FISH

PRODUCTION��7HE�LONG�TERM�RESPONSE�IS�EXPECTED�TO�DEPEND�ON�BOTH�PHYSIOLOGICAL�LIMITATIONS�AND�THE

RESTRICTIONS�SET�ON VIABLE�COMBINATIONS�OF�LIFE�HISTORY�CHARACTERS�ROOTED�IN�COMMUNITY�ASSEMBLY�AND

THE�DYNAMICS�OF�COEXISTING�SPECIES�

7HE�PROCESSES�THAT�AFFECT�GROWTH�AND�BODY�SIZE�WILL�MOST�LIKELY�ACT�ON�DIFFERENT�TIME�SCALES��,N�RESPONSE

TO�TEMPERATURE�CHANGE�INDIVIDUALS�WILL�INITIALLY�BE�AFFECTED�IN�THEIR�PHYSIOLOGICAL�RATES�AND�THIS�MIGHT

CHANGE� GROWTH� AND� BODY� SIZE� FOLLOWING� THE� TEMPERATURE�SIZE� RULE�� 7HE� PHYSIOLOGICAL� CHANGES� ARE

FOLLOWED�BY�ACCLIMATION�THAT�HAS�BEEN�OBSERVED�TO�OCCUR�RELATIVELY� FAST� 	MONTHS
� 	6EEBACHER�ET�AL�

����
��6PECIES�MIGRATIONS�MAY�IN�A�FEW�GENERATIONS�RESHUFFLE�ECOLOGICAL�INTERACTIONS�AND�THE�SPECIES

AND�TRAIT�COMPOSITION�OF�A�COMMUNITY�	E�G� )RAINER�ET�AL������
��7HE�EFFECTS�OF�EVOLUTIONARY�ADAPTATION

IN�RESPONSE�TO�TEMPERATURE�WILL�TAKE IN�MOST�CASES�THE MOST�TIME�

����� 0IXED�EFFECTS�MODELS
7HORSON���0INTE�9ERA�	����
�USED�A�MIXED�EFFECTS�MODEL�TO�CONDUCTED�A�META�ANALYSIS�DESCRIBING�THE

FORM�AND�MAGNITUDE�OF�VARIATION�OF�GROWTH�OVER�TIME�OF�MARINE�FISH��7HE�VON�%ERTALANFFY�MODEL�WAS

USED IN�WHICH�THE�GROWTH�RATE�PARAMETER & OR�THE�q�PARAMETER�	I�E��THE�xCONDITION�FACTORy�THAT�SCALES

LENGTH�TO�WEIGHT
�WAS�ALLOWED�TO�VARY�ACROSS�YEARS�AGES�OR�COHORTS��7HE�DEVIATIONS�WERE MODELLED AS



��

RANDOM�EFFECTS�WHEREAS� THE�VARIANCES�ON� THE�DEVIATIONS AND� THE�GROWTH�MODEL�PARAMETERS�WERE

MODELLED AS� FIXED� EFFECTS�� 7HE� MODEL� WAS� FIT� TO� WEIGHT� AT� AGE� DATA� FROM� ��� MARINE� FISH� STOCKS

REPRESENTING���FAMILIES�AND����SPECIES��FOR�EACH�SPECIES�THREE�TREATMENTS�OF�RANDOM�EFFECTS�	ABSENT

IN�K�PARAMETER�IN�q�PARAMETER
�ARE�POSSIBLE�FOR�EACH�OF�THE�AGE�YEAR�AND�COHORT�EFFECTS�RESULTING�IN

���MODELS��(VALUATION�OF�THE�MODELS�CONSIDERED�THREE�CRITERIA���
�WHICH�MODEL�IS�MOST�PARSIMONIOUS

IN�EXPLAINING� THE�DATA�� �
� THE� RELATIVE�MAGNITUDE�OF� THE�AGE�YEAR� AND�COHORTS� EFFECTS�� AND��
� THE

PROPORTION�OF�VARIATION�ATTRIBUTABLE�TO�ANY�SINGLE�FACTOR��7HE�VARIABILITY�IN�THE�WEIGHT�AT�AGE�DATA�WAS

EXPLAINED�MORE�PARSIMONIOUSLY�BY�THE�YEAR�EFFECT�THAN�BY�EITHER�THE�AGE�OR�COHORT�EFFECTS�AND�THE

STANDARD�DEVIATION�OF�THE�RANDOM�EFFECTS�WERE�LARGEST�FOR�THE�YEAR�EFFECTS���0OST�OF�THE�WEIGHTS�IN�THE

ANALYSIS� WERE� WELL� BELOW� THE� VON� %ERTALANFFY� ASYMPTOTIC� WEIGHT� SO� THERE� WAS� LITTLE� ABILITY� TO

DISTINGUISH�BETWEEN & AND�q��)ITTING� THE�MODEL� TO�BOTH� LENGTH�AT�AGE�AND�WEIGHT�AT�LENGTH�WOULD

DISTINGUISH�BETWEEN�THESE�PARAMETERS��7HIS�STUDY�IS�AN�EXAMPLE�OF�THE�UTILITY�OF�CONSIDERING�NOT�ONLY

WHETHER�SIZE�AT�AGE�HAS�VARIED�OVER�TIME�BUT�THE�ALSO�THE�CAUSAL�MECHANISMS�	I�E��HAVE�THE�TEMPORAL

CHANGES�OCCURRED�BECAUSE�OF�YEAR�AGE OR�COHORT�EFFECTS"
��$DDITIONALLY�THE�DATASETS�BEING�COMPILED

FOR�OUR�PLANNED�ANALYSES�ARE�EXPECTED�TO�HAVE�MORE�CONTRAST�IN�SIZE�THAN�THOSE�USED�IN�7HORSON�AND

0INTE�9ERA�AND�ALSO�HAVE�OBSERVATION�ON�BOTH�LENGTH� AND�WEIGHT� AT�AGE�WHICH�WILL�HELP�DISTINGUISH

GROWTH�IN�LENGTH�FROM�THE�CONDITION�FACTOR�

� $DAPTATION�TO CLIMATE�CHANGE
$DAPTATION�IS�A�CENTRAL�COMPONENT�OF�MANAGING�THE�IMPACTS OF�CLIMATE�CHANGE�ON�FISHERIES��$DAPTATION

CAN�TAKE�PLACE�ON�DIFFERENT�ORGANISATIONAL�SCALES�FROM�LOCAL COMMUNITIES�TO�REGIONAL�FISHERIES�TO�HIGH

SEAS� AND� GLOBAL� SCALES� 	0ILLER� ET� AL�� ����
�� $T� THE� GLOBAL� SCALE� THE� 81wS� ��� DIFFERENT� SUSTAINABLE

DEVELOPMENT�GOALS�	6'*S
�SERVE�AS�GUIDING�PRINCIPLES�FOR�EVALUATING�DIFFERENT�ADAPTATION�STRATEGIES�

'OCUMENTED SHIFTS�IN�SPECIES�DISTRIBUTION�	MARINE�AND�TERRESTRIAL
�HAVE�BEEN�LINKED�TO�DEFINED�TARGETS

AND�SUB�TARGETS�FOR�EACH�OF�THE����6'*S�	3ECL�ET�AL�����
��)OR�EXAMPLE�6'*��ERADICATING�POVERTY�IS

DIRECTLY� IMPACTED� BY� CHANGES� IN� DISTRIBUTION� OF� FISH� THROUGH� ACCESS� TO� RESOURCES� CHANGES� IN� THE

DISTRIBUTION�OF�PATHOGENS�AND�PARASITES�AND�CHANGES�IN�ECOLOGICAL�PROPERTIES�OF�WETLANDS�AND�COASTAL

AREAS��3ECL�ET�AL��	����
�SHOWED�THAT�DISTRIBUTIONAL�SHIFTS�OF MARINE�AND�TERRESTRIAL SPECIES�INTERACT�WITH

ALMOST�ALL OF�THE����6'*S�BUT�THAT�DISTRIBUTIONAL�SHIFTS�ARE�NOT�EXPLICITLY�CONSIDERED�BY�THE�TARGETS�OR

SUB�TARGETS�

$T�A�NATIONAL�LEVEL 1ATIONAL�$DAPTATION�3LANS 	1$3S
 AIM�TO�REDUCE�VULNERABILITY 	6ECTION����
 TO�THE

IMPACTS�OF� CLIMATE�CHANGE�BY�BUILDING�ADAPTIVE�CAPACITY�AND� RESILIENCE��$S� SPECIFIED�BY� THE�8NITED

1ATIONS�)RAMEWORK�&ONVENTION�ON�&LIMATE�&HANGE COUNTRIES�THAT�ARE DEVELOPING�1$3S SHOULD� �


FOLLOW�A�COUNTRY�SPECIFIC�GENDER�SENSITIVE�PARTICIPATORY�AND�FULLY�TRANSPARENT�APPROACH�TAKING�INTO

CONSIDERATION�VULNERABLE�GROUPS�COMMUNITIES�AND�ECOSYSTEMS� AND��
 BE�BASED�ON�AND�GUIDED�BY�THE

BEST�AVAILABLE�SCIENCE�AND�TRADITIONAL�AND�INDIGENOUS�KNOWLEDGE�WITH�A�VIEW�TO�INTEGRATING�ADAPTATION

INTO�RELEVANT�SOCIAL�ECONOMIC�AND�ENVIRONMENTAL�POLICIES�AND ACTIONS�

��� $USTRALIA
$CROSS� $USTRALIA� THERE� HAS� BEEN� A� COORDINATED� CROSS�SECTORAL� RESPONSE� TO� DEVELOPING� ADAPTATION

PROGRAMMES�FOR�CLIMATE�CHANGE�IMPACTS�IN�MARINE�ECOSYSTEMS�THAT�IS�CAPTURED�IN�TWO�DOCUMENTS�

� 1ATIONAL� $DAPTATION� 5ESEARCH� 3LAN� 	1$53
 FOR� 0ARINE� %IODIVERSITY� AND� 5ESOURCES

	HTTPS���WWW�NCCARF�EDU�AU�PUBLICATIONS�NATIONAL�CLIMATE�CHANGE�ADAPTATION�RESEARCH�

PLAN�MARINE�BIODIVERSITY�RESOURCES�FIRST 


� 1ATIONAL�&LIMATE�&HANGE�AND�)ISHERIES�$CTION�3LAN



��

7HERE�HAS�BEEN�A�PARTICULAR�FOCUS�FOR�ADAPTATION�IN�THE�SOUTH�EAST�$USTRALIA�WHICH�ALTHOUGH�LOW�IN

PRIMARY�PRODUCTIVITY� LIKE�MOST�OF� THE�$USTRALIAN�COASTLINE�PRODUCES�����OF� THE�COUNTRYwS� SEAFOOD

WHERE� THE�MAIN� SPECIES� BY� VALUE� IS� LOBSTER� AND�BY� VOLUME�$USTRALIAN� SARDINES��0OST� FISHERIES� ARE

OUTPUT� CONTROLLED� THROUGH� QUOTAS� ACCESS� RIGHTS� AND� SOME� DEGREE� OF� SPATIAL�MANAGEMENT�� �0OST

FISHERIES�HAVE�SOME FORM�OF�CO�MANAGEMENT� 	E�G��VIA� STAKEHOLDER� INPUT�ON�MANAGEMENT�ADVISORY

COMMITTEES
� 	2GIER� ET� AL� ����
� AND� THERE� IS� A� HIGH� PARTICIPATION� OF� PUBLIC� IN� RECREATIONAL� FISHING

BOATING�AND�DIVING�

7O� UNDERPIN� SELECTION� OF� PRIORITIES� FOR� ADAPTATION� PLANS� A� TRAIT�BASED� CLIMATE� CHANGE� SENSITIVITY

ASSESSMENT�AND�RANKING�WAS�UNDERTAKEN�	3ECL�ET�AL������
��7HE�SPECIES�DESIGNATED�AS�MOST�IMPORTANT

FOR�THE�REGION�IN�TERMS�OF�ECOLOGY�AND�SOCIO�ECONOMICS�WERE�RANKED�IN�TERMS�OF�SENSITIVITY�TO�CLIMATE

CHANGE�AND�ALSO CATEGORISED�AS�BEING�AT� RISK�OF� RANGE�CONTRACTION�OR� RANGE�EXTENSION�� ,NFORMATION

ABOUT�HIGH�SENSITIVITY�TO�CLIMATE�CHANGE�WAS�THEN�USED�TO�PRIORITISE�SPECIES�FOR�THE�DEVELOPMENT�OF

TARGETED�ADAPTATION�STRATEGIES��7HE�MOST�SENSITIVE�STATE�BASED�SPECIES�WERE�IDENTIFIED�AS�ABALONE�AND

SOUTHERN�ROCK�LOBSTER�BLUE�GRENADIER�WAS�THE�MOST�SENSITIVE�ECONOMICALLY�IMPORTANT�&OMMONWEALTH

SPECIES�AND�SNAPPER�WAS�A�MEDIUM�SENSITIVITY�SPECIES�WHERE�SOME�OPPORTUNITIES�WERE�ANTICIPATED

	3ECL�ET�AL�����
��$DAPTATION�STRATEGIES�WERE�THEN�DEVELOPED FOR�EACH�OF�THESE�FOUR�SPECIES BY�ASKING�

HOW�DOES�CLIMATE�CHANGE�INTERSECT�WITH�THE�VARIOUS�COMPONENTS�AND�LEVELS�OF�THE�FISHERY�MANAGEMENT

SYSTEM"�7HE�MANAGEMENT�SYSTEM�WAS�CONSIDERED�TO�HAVE�FOUR�LEVELS��OPERATIONAL�FRAMEWORK�	HARVEST

STRATEGY�STOCK�ASSESSMENT
�FISHERIES�MANAGEMENT�	MANAGEMENT�PLAN�COMPLIANCE�PROPERTY�RIGHTS

CO�MANAGEMENT�ALLOCATION
� FISHERIES� GOVERNANCE� 	MANAGEMENT�POLICY� AND� LEGISLATION� ECOSYSTEM�

BASED� MANAGEMENT
� AND� BROADER� MARINE� GOVERNANCE� 	INTERNATIONAL� OBLIGATIONS� ENVIRONMENTAL

LEGISLATION
�� )OR� EACH� LEVEL� THE� IMPACTS� OF� CLIMATE� CHANGE� POTENTIAL� vLEVERS� TO� PULLw� IN� TERMS� OF

ADDRESSING� CLIMATE� CHANGE� IMPACTS� AND� BARRIERS� TO� ACTION� WERE� IDENTIFIED� THROUGH� A� HIGHLY

PARTICIPATORY� PROCESS� THAT� INCLUDED� MULTIPLE� WORKSHOPS� TO� SOLICIT� INDUSTRY� KNOWLEDGE� CONCERNING

OCEANOGRAPHIC�ECOSYSTEM�OR�FISHERY�CHANGES��&LIMATE�CHANGE�WAS�PUT�INTO�VERY�LOCALISED�PERSPECTIVES

BY� ASKING� INDUSTRY� AND� MANAGERS� TO� IDENTIFY� KEY� STRESSORS�� $DAPTATION� OPTIONS� AND� BARRIERS TO

IMPLEMENTING� THE�ADAPTATION�WERE� THEN�GENERATED�BY� SCIENCE� TEAMS� CONSULTING�WITH� INDUSTRY� AND

MANAGERS 	)IGURE ��
�



��

�1/=:- 	�� 6CENARIO� DEVELOPMENT� AND� ADAPTATION� RESPONSES� IDENTIFIED� FOR� PRIORITY� FISHERY� SPECIES

THROUGH�STAKEHOLDER�ENGAGEMENT�EXERCISES��)IGURE�FROM 3ECL�ET�AL��	����B
�

$S�PART�OF�THE�PARTICIPATORY�ADAPTATION�WORKSHOPS�,NDUSTRY�REPRESENTATIVES�AND�MANAGERS�WERE ASKED

TWO�QUESTIONS��:HAT�CAN�YOU�DO"�	AUTONOMOUS�ADAPTATIONS
�AND�:HAT�WOULD�YOU�LIKE�TO�DO�BUT�CANwT"

	POTENTIAL�PLANNED�ADAPTATION�OPTIONS�THAT�MAY�HAVE�BARRIERS�PREVENTING�RESPONSES
��7HEY�WERE�ALSO

ASKED�TO�CONSIDER�BOTH�SHORT�TERM�	COPING
�AND�LONG�TERM�	POTENTIALLY�TRANSFORMATIVE
�OPTIONS�

6ECONDLY�FISHERIES�STAKEHOLDERS�WERE�TASKED�WITH�IDENTIFYING�SPECIFIC�GOALS�FOR�ADAPTION��7HIS�EXERCISE

REQUIRED�UNDERSTANDING�HOW�DIFFERENT�STAKEHOLDERS�WEIGHT�DIFFERENT�OBJECTIVES�	E�G��ENVIRONMENTAL



��

ECONOMIC� WELLBEING� OF� COMMUNITIES� STRENGTHENING� MANAGEMENT
� WITH� AIM� OF� SEEING� HOW� THE

DIFFERENT�ADAPTATION�OPTIONS�BEING�PROPOSED�WOULD�TRADE�OFF�THESE�DEFINED�GOALS�	-ENNINGS�ET�AL�����
�

,NCORPORATING�DIFFERENTIAL�WEIGHTS�	OR�PREFERENCES
�OF�STAKEHOLDER�GROUPS�CAN�IDENTIFY�WHERE�THERE�ARE

POTENTIAL� CONFLICTS� BETWEEN� ADAPTATION� OPTIONS� FOR� FISHERIES�� ,MPLEMENTATION� DETAILS� FOR� EACH

ADAPTATION�OPTION�WAS�SUMMARISED�E�G��JURISDICTION�DIFFERENCES�BETWEEN�JURISDICTIONS�LEAD�TIME�OF

IMPLEMENTATION�COST�WHO�PAYS�LEVEL�OF�CONTROVERSY��)INALLY�THE�SCALE�OF�THE�BENEFITS�WERE�IDENTIFIED

WITH�RESPECT� TO�PRINCIPAL�BENEFICIARIES�	E�G�� FISHERS�ECOSYSTEMS
��(ACH�ADAPTATION�OPTION�WAS�THEN

RANKED�ACCORDING�TO�FEASIBILITY�RISK�AND�EXPECTED�BENEFITS�	3ECL�ET�AL�����
� $N�EXAMPLE�FOR�ADAPTING

TO� MORTALITY� EVENTS� FROM� THERMAL� SHOCK� APPLIED� TO� ABALONE� STOCKS� IS� GIVEN� 	)IGURE� ��
�� 2PTIMAL

ADAPTATIONS�WERE�IDENTIFIED�AS�HAVING�LOW�RISK�	SMALL�CIRCLES
�HIGH�FEASIBILITY�AND�HIGH�BENEFIT��,NDUSTRY

RESPONDED�FAVOURABLY�TO�THIS HIGHLY�PARTICIPATORY�AND�VISUAL�PRESENTATION�OF�RESULTS�

�1/=:-�	�� 5ISK�FEASIBILITY�AND�BENEFIT�OF�DIFFERENT�ADAPTATION�OPTIONS�AS�DETERMINED�FOR�THE�ABALONE

INDUSTRY� IN�SOUTH�EAST�$USTRALIA� THROUGH�STAKEHOLDER�ENGAGEMENTS��&IRCLE�SIZES�FOR�EACH�ADAPTATION

REFLECTS�THE�MAGNITUDE�OF�PERCEIVED�RISK�	3ECL�ET�AL�����


7HROUGHOUT�THE�PROCESS�OF�DEVELOPING�REGIONAL�ADAPTATION�PLANS�INPUT�FROM�THE�FISHING�INDUSTRY�WAS

CRITICALLY� IMPORTANT�� $T� THE� START� OF� ENGAGEMENT� 	���������
� ���� OF� FISHERS� BELIEVED� THAT� CLIMATE

CHANGE�WAS� NOT� HAPPENING�WITH� THE� REMAINDER� THINKING� IT�WAS� HAPPENING�OR� xSOMETHING�WAS� UPy

	1URSEY�%RAY�ET�AL������
��%Y������WHEN�THE�FISHING� INDUSTRY�WAS�SURVEYED�AGAIN�THERE�HAD�BEEN�A

COMPLETE�REVERSAL��,NTERVIEWS�AND�SURVEYS�SUGGEST�THIS�WAS�DUE TO�SEVERAL�REASONS��6HARP�SHOCKS�TO

THE�ENVIRONMENT� THAT�HAD�BEEN�EXPERIENCED�BY� FISHERS� INCLUDING�A�MARINE�HEAT�WAVE� IN������ THAT

RESULTED�IN�MORTALITY�OF�SHELLFISH�STOCKS�AND�OUTBREAKS�OF�DISEASE�INCLUDING�PARALYTIC�SHELLFISH�TOXIN�AND

A�VIRUS�CAUSING�MORTALITY�IN�3ACIFIC�OYSTERS��2VER�THE�SAME�TIME�PERIOD�A�CONCURRENT�LARGE�SCALE�xCITIZEN

SCIENCEy� ENGAGEMENT� PROCESS� AIMED� AT� RAISING� AWARENESS� OF� CLIMATE� CHANGE� AROUND� 7ASMANIA

	5EDMAP� 6ECTION������
�LIKELY�CONTRIBUTED�TO�CHANGE�IN�PERCEPTIONS�	%ANNON������1URSEY�%RAY�ET�AL

����
�



��

0ANY� DIFFERENT� AUTONOMOUS� ADAPTATIONS� HAVE� ALSO� BEEN� DESCRIBED� WITHIN� DIFFERENT� STAKEHOLDER

GROUPS�IN�7ASMANIA�	3ECL�ET�AL�IN�PRESS
��7HESE�ADAPTATIONS�WERE��CHARACTERISED�USING�A�FORMAL�TYPOLOGY

	%IAGINI�ET�AL�����
�INCLUDING� +)8)+1<A�*=14,16/�MANAGEMENT�AND�PLANNING 8:)+<1+-�+0)6/-�PUBLIC

POLICY 16.7:5)<176� ;0):16/� PHYSICAL� INFRASTRUCTURE ?):616/� 7:� 7*;-:>16/� ;A;<-5;� GREEN

INFRASTRUCTURE� AND <-+06747/A 	OPTIONS� IN� BOLDFACE� WERE� MOST� COMMONLY� RECORDED
�� ,T� IS� WORTH

CONSIDERING� THAT� THE�ADAPTATION� TO�CLIMATE�CHANGE� IS�NOT� JUST�ABOUT� THE�HARVEST� SECTOR��7HE�ENTIRE

SUPPLY�CHAIN�	FISHER�PROCESSOR�TRANSPORT�WHOLESALE�RETAIL�CONSUMER
�MUST�BE�ROBUST�TO�CLIMATE

CHANGE�	3LAGeNYI�ET�AL�����
�

2VERALL�THE�$USTRALIAN�EXPERIENCE�OF�DEVELOPING�ADAPTATION�OPTIONS�CAN�BE�CONSIDERED�AS�RELATIVELY

BOTTOM�UP� IN� THE� SENSE�OF� BEING� GENERATED� THROUGH� EXTENSIVE� STAKEHOLDER�ENGAGEMENT� EXERCISES

ALTHOUGH�THESE�HAVE�BEEN�HEAVILY�GUIDED�BY�TOP�DOWN�NATIONAL�PLANS�AND�THE�ASSOCIATED�INVESTMENT

WHICH�EFFECTIVELY�DIRECTED�RESEARCH�EFFORT�	&REIGHTON�ET�AL�����
��5EFLECTING�ON�THE�EXPERIENCE� IT� IS

POSSIBLE�TO�IDENTIFY�SEVERAL�CHALLENGES�AND�BARRIERS�TO�ADAPTATION�INCLUDING�

� THERE�ARE�DIVERGENT�EXPECTATIONS�FOR�ADAPTATION�RESEARCH�WITH�FISHERIES�MANAGEMENT

AGENCIES�WANTING�INFORMATION�BUT�NOT�NECESSARILY�WANTING�TO�COMMIT�TO��WHILE�PUBLIC

GOOD�FUNDING�AGENCIES�WANT�MANAGEMENT�CHANGE�NOW�

� STAKEHOLDER�BURNOUT�IS�AN�ISSUE�BECAUSE�AT�THE�REGIONAL�LEVEL�THERE�IS�A�LIMITED�NUMBER

OF�FISHERS�AND�OTHER�STAKEHOLDERS�TO�CALL�ON�

� CLIMATE�CHANGE�IS�NOT�SEEN�AS�AN�IMMEDIATE�THREAT�IN�CONTRAST�TO�OTHER�CONCERNS�

� THERE� IS� A� FEAR� OF� INCREASED� COSTS� OF� ADAPTATION�WHICH�MEANS� THAT� IS� IMPORTANT� TO

IDENTIFY�OPPORTUNITIES�FOR�IMPROVING�EFFICIENCY�

� THE�TIME�REQUIRED�TO�UNDERTAKE�INTERDISCIPLINARY�AND�PARTICIPATORY�RESEARCH�IS� LARGE

EVEN�AT�VERY�LOCALISED�SCALES�

��� 8.
7HE�&LIMATE�&HANGE�$CT������MADE�THE�8.�THE�FIRST�COUNTRY�IN�THE�WORLD�TO�HAVE�A�LEGALLY�BINDING�LONG�

TERM�FRAMEWORK�TO�CUT�CARBON�EMISSIONS��7HE 8. HAS�DEVELOPED A RELATIVELY CENTRALISED�OR�TOP�DOWN

APPROACH�TO�DEVELOPING�AND�DEFINING�ADAPTATION�OPTIONS�BOTH�ACROSS�SECTORS�AND�ACROSS�THE�FOUR�HOME

NATIONS 	(NGLAND�:ALES�6COTLAND�AND�1ORTHERN�,RELAND
� $CROSS�ALL�SECTORS�	NOT�JUST�MARINE
�THE�8.wS

ABILITY�TO�ADAPT�TO�CLIMATE�CHANGE IS�COORDINATED THROUGH�THE�FOLLOWING�ACTIVITIES�

�� A�8.�WIDE &&5$ THAT�MUST�TAKE�PLACE�EVERY�FIVE�YEARS

�� A�1$3�WHICH�MUST�BE�PUT�IN�PLACE�EVERY�FIVE�YEARS�TO�ADDRESS�THE�MOST�PRESSING�CLIMATE�CHANGE

RISKS��7HE�1$3�IS�THE BLUEPRINT�WHICH�GUIDES�GOVERNMENT�ACTION�TO�ADDRESS�THE�INCREASING�RISKS

FROM�CLIMATE�CHANGE

�� xREPORTING�AUTHORITIESy�	COMPANIES�WITH�FUNCTIONS�OF�A�PUBLIC�NATURE�SUCH�AS�WATER�AND�ENERGY

UTILITIES
�PREPARE�REPORTS�ON�HOW�THEY�ARE�ASSESSING�AND�ACTING�ON�THE�RISKS�AND�OPPORTUNITIES

FROM�A�CHANGING�CLIMATE�

,NFORMATION IS ALSO�REPORTED�AT�THE�LEVEL�OF�8.�HOME�NATIONS��)OR�EXAMPLE�THE�8. &&5$ �����(VIDENCE

5EPORT�WAS ALSO PRESENTED�AS�A�NATIONAL�SUMMARY�FOR�6COTLAND�	HTTPS���WWW�THECCC�ORG�UK�TACKLING�

CLIMATE�CHANGE�PREPARING�FOR�CLIMATE�CHANGE�UK�CLIMATE�CHANGE�RISK�ASSESSMENT������NATIONAL�

SUMMARIES� 
�



��

6COTLAND�HAS�ITS�OWN�CLIMATE�CHANGE�LEGISLATION��THE�&LIMATE�&HANGE�	6COTLAND
�$CT�������6COTLANDwS

&LIMATE�&HANGE�$DAPTATION�)RAMEWORK�	����
�WAS�REPLACED�BY�6COTLANDwS�FIRST�STATUTORY�$DAPTATION

3ROGRAMME�IN�0AY������	&LIMATE�5EADY�6COTLAND��6COTTISH�&LIMATE�&HANGE�$DAPTATION�3ROGRAMME
�

,T�IS�A�REQUIREMENT�OF�THE�&LIMATE�&HANGE�	6COTLAND
�$CT������THAT�6COTTISH�0INISTERS�REPORT�ANNUALLY

ON� PROGRESS� ON� THE� CURRENT� $DAPTATION� 3ROGRAMME�� )OR� EXAMPLE� THE� )OURTH� $NNUAL 5EPORT� WAS

PUBLISHED�IN�0AY������	HTTPS���WWW�GOV�SCOT�PUBLICATIONS�CLIMATE�READY�SCOTLAND�SCOTTISH�CLIMATE�

CHANGE�ADAPTATION�PROGRAMME�FOURTH�ANNUAL�PAGES���
��7HE�SECOND�STATUTORY�FIVE�YEAR�$DAPTATION

3ROGRAMME�WILL�BE�PUBLISHED�IN�������7HE�NEW�3ROGRAMME�WILL�ADDRESS�THE�RISKS�FOR�6COTLAND�SET�OUT

IN�THE�8.�&LIMATE�&HANGE�5ISK�$SSESSMENT������AND�ITS�(VIDENCE�5EPORT�6UMMARY�FOR�6COTLAND�

����� &LIMATE�CHANGE�RISK�ASSESSMENT
7HE�SECOND�8.� WIDE�&&5$�WAS�PUBLISHED�IN������AND WAS DEVELOPED�THROUGH�COORDINATED�ACTIVITIES

OF�SCIENTISTS�GOVERNMENT�DEPARTMENTS�AND�OTHER�STAKEHOLDERS�FROM�ACROSS�THE�8.��,T�USES�THE�CONCEPT

OF�xURGENCYy�TO�EVALUATE�EACH�RISK�WITH�FOUR�CATEGORIES�OF�URGENCY�BEING�DEFINED�

z  7:-�)+<176�6--,-,��1EW�STRONGER�OR�DIFFERENT�*OVERNMENT�POLICIES�OR�IMPLEMENTATION

ACTIVITY�OVER�AND�ABOVE�THAT�ALREADY�PLANNED�ARE�NEEDED�IN�THE�NEXT�FIVE�YEARS�TO REDUCE

LONG�TERM�VULNERABILITY�TO�CLIMATE�CHANGE�

z $-;-):+0� 8:17:1<A�� 5ESEARCH� IS� NEEDED� TO� FILL� SIGNIFICANT� EVIDENCE� GAPS� OR� REDUCE� THE

UNCERTAINTY�IN�THE�CURRENT�LEVEL�OF�UNDERSTANDING�IN�ORDER�TO�ASSESS�THE�NEED�FOR�ADDITIONAL

ACTION�

z %=;<)16�+=::-6<�)+<176��&URRENT�AND�PLANNED�LEVELS�OF�FUTURE�ACTIVITY�ARE�APPROPRIATE�BUT

CONTINUED�IMPLEMENTATION�OF�THESE�POLICIES�OR�PLANS�IS�NEEDED�TO�ENSURE�THAT�THE�RISK�IS

MANAGED�IN�THE�FUTURE��7HIS�INCLUDES�ANY�EXISTING�PLANS�TO�INCREASE�OR�CHANGE�THE�CURRENT

LEVEL�OF�ACTIVITY�

z ()<+016/�*:1-.��7HE�EVIDENCE�IN�THESE�AREAS�SHOULD�BE�KEPT�UNDER�REVIEW�WITH�LONG�TERM

MONITORING� OF� RISK� LEVELS� AND� ADAPTATION� ACTIVITY� SO� FURTHER� ACTION� CAN� BE� TAKEN� IF

NECESSARY�

,N�MOST�CASES�THE�URGENCY�SCORE�IS�THE�SAME�FOR�ALL�8.�NATIONS�BECAUSE�THERE�IS�INSUFFICIENT�EVIDENCE

TO� DISTINGUISH� AMONG HOME� NATIONS� 0ANY 8.� FISH� AND� FISHERIES� ARE� INHERENTLY� TRANS�NATIONAL

RESOURCES�THEREFORE�IT�IS�USUALLY�APPROPRIATE�TO�COORDINATE�AT�THE�8.�LEVEL� )OR�8.�FISHERIES�THE�RISKS

IDENTIFIED�IN�THE������&&5$ ARE�REPORTED�IN�1ATURAL�ENVIRONMENT�	1E
�CATEGORY�1E��� �$-&-�.*���)�

*++*,./)$.$ -�!*,��(�,$) �-+ �$ -��!$-# ,$ -��)��(�,$) �# ,$.�" �!,*(�*� �)���$�$!$��.$*)��)��#$"# ,

1�. ,�. (+ ,�./, -��7HE�OVERALL�URGENCY�CATEGORY�ASSIGNED TO�1E���WAS�x5ESEARCH�PRIORITYy�WITH�THE

JUSTIFICATION� BEING�� x�*, � , - �,�#� )  � �� .*� � .. ,� /)� ,-.�)�� (�")$./� � *!� ,$-&� .*� (�,$) 

 �*-3-. (-��)��# ,$.�" y�

����� 1ATIONAL�$DAPTATION�3ROGRAMME
7HE�FIRST 8.�1ATIONAL�$DAPTATION�3ROGRAMME 	8.1$3
 PUBLISHED�IN�-ULY����� CONTAINED�A�REGISTER�OF

ACTIONS CONSISTING�OF ACTIONS�AGREED�IN�THE�PROGRAMME�FOR�THE�FOLLOWING�THEMES��%UILT�ENVIRONMENT

,NFRASTRUCTURE�+EALTHY�AND�RESILIENT�COMMUNITIES�$GRICULTURE�AND�FORESTRY 1ATURAL�ENVIRONMENT 	1E


AND�%USINESS� AND� LOCAL� GOVERNMENT� 	BOLDFACE� RELEVANT� TO�MARINE� ECOSYSTEMS
�� ,T� ALIGNED� THE� RISKS

IDENTIFIED� IN� THE FIRST� 8.�WIDE &&5$� REPORT� TO� SPECIFIC� ACTIONS IN� THE� FIRST� 8.1$3 WITH� INDICATIVE

TIMESCALES�FOR EACH ACTION��7HE�MARINE�ACTIONS�INCLUDED�MANY�DIFFERENT�RISKS�WITH�0$��THE�1ORTHWARD

SPREAD�OF�INVASIVE�NON�NATIVE�SPECIES�BEING�IDENTIFIED�AS�A�HIGH�ORDER�RISK��0$�A�AND�0$�B�RELATED

TO� DISTRIBUTIONAL� SHIFTS� AND� CHANGES� IN� INDIVIDUAL� GROWTH� OF� FISH� RESPECTIVELY�� +AVING IDENTIFIED

APPROPRIATE ACTIONS TO�ADDRESS� THE�RISK IN� THE����� 8.1$3� THEN� THERE WAS� FOLLOW�UP� REPORTING� TO



��

EVALUATE�PROGRESS�TOWARDS�REALISING�THESE�ACTIONS��$�REPORT�SUBMITTED�TO�3ARLIAMENT� IN �����FOUND

THAT�OVERALL� 	I�E��NOT�SPECIFIC� TO MARINE�ACTIONS
�����OF�ACTIONS WERE�ASSESSED�AS COMPLETE�AND�AN

ADDITIONAL�����WERE�CONSIDERED�ON�TRACK�OR�ONGOING�BY�THOSE�RESPONSIBLE�FOR�THEIR�DELIVERY�

,N������THE�SECOND�8.1$3�WAS�PUBLISHED�SETTING�OUT�GOVERNMENTwS�RESPONSE�TO�THE�SECOND�&&5$�AND

IDENTIFYING�THE�ACTIONS�GOVERNMENT� IS�PROPOSING�TO�ADDRESS� THE�RISKS�AND�OPPORTUNITIES�POSED�BY�A

CHANGING�CLIMATE�OVER�THE�NEXT�FIVE�YEARS 	7ABLE��
��7HE�ACTIONS INCLUDED�FOCUSSING ON�INTRODUCING�A

SUSTAINABLE�FISHERIES�POLICY�AS 6COTLAND LEAVES THE &)3 AND PREPARINGMARINE�PLANS�THAT�INCLUDE�POLICIES

SPECIFICALLY�AIMED�AT�ENHANCING CLIMATE�ADAPTATION�

��$�� :1;3�;�

),,:-;;-,

"*2-+<1>- �-A� )+<176;� )6,� 8:7/:-;;

514-;<76-;

&1516/ "?6-:

1E���� 2CEAN

ACIDIFICATION���HIGHER

WATER� TEMPERATURE

RISKS� FOR� MARINE

SPECIES� FISHERIES�AND

MARINE�HERITAGE

,NCREASE� AND

IMPROVE� OUR

MANAGEMENT� OF� THE

SEAS

,NTRODUCE� A� SUSTAINABLE� FISHERIES

POLICY� AS� WE� LEAVE� THE� &OMMON

)ISHERIES� 3OLICY� AND� PREPARE

MARINE�PLANS�THAT�INCLUDE�POLICIES

FOR�CLIMATE�ADAPTATION

'EFRA�002

7HE� PREPARATION� OF� TEN� NEW

0ARINE�3LANS�FOR�THE�WHOLE�OF�THE

(NGLISH� MARINE� AREA� WILL� INCLUDE

HORIZON� SCANNING� TO� EVALUATE� THE

POTENTIAL� LONGER� TERM� RISKS� AND

OPPORTUNITIES� FROM� CLIMATE

CHANGE

���� 002

&ONTINUE� TO� ESTABLISH� 0ARINE

&ONSERVATION�=ONES�TO�CONTRIBUTE

TO� AN� ECOLOGICALLY� COHERENT

NETWORK� OF� 0ARINE� 3ROTECTED

$REAS

'EFRA

(NSURE� PRODUCTIVE

AND� EXTENSIVE

SEAFLOOR� HABITATS

WHICH� CAN� SUPPORT

HEALTHY� SUSTAINABLE

ECOSYSTEMS

&ONTINUE� TO� SUPPORT� THE� 0ARINE

&LIMATE� &HANGE ,MPACTS

PARTNERSHIP

'EFRA

&ONTINUE� TO� COLLABORATE� WITH

SELECTED� MARINE� SECTORS� THROUGH

THE� �CLIMATE� SMART�� WORKING

INITIATIVE� TO� DEVELOP� ADAPTIVE

CAPACITY

0&&,3

,MPROVE� UNDERSTANDING� OF� AND

RESPONSES� TO� CLIMATE� CHANGE

IMPACTS� ON WATER�BORNE

PATHOGENS� AND� HARMFUL� ALGAL

BLOOMS

0&&,3�WORKING�WITH

THE� (NVIRONMENT

$GENCY� &EFAS� AND

THE� )OOD� 6TANDARDS

$GENCY



��

&ONTINUE� TO� SUPPORT� OCEAN

ACIDIFICATION� RESEARCH� IN� ORDER� TO

PROVIDE� A� ROBUST� BASELINE

ASSESSMENT�WHICH�CAN�BE�USED�TO

EXAMINE�LONG�TERM�CHANGES

'EFRA

5ECOVER� AND� SUSTAIN

FISH� STOCKS� AT� LEVELS

WHICH� CAN� PRODUCE

THEIR� MAXIMUM

SUSTAINABLE�YIELD

%RING� FORWARD� THE� NEW� )ISHERIES

%ILL�WHICH�WILL� ENSURE� SUSTAINABLE

USE�OF�FISH�STOCKS�A�HEALTHY�MARINE

ENVIRONMENT� AND� A PROSPEROUS

FISHING�INDUSTRY

BY����� 'EFRA

6EAFISH� WILL� PUBLISH� A� CLIMATE

CHANGE� ADAPTATION� REPORT

DESCRIBING� THE� STEPS� INDUSTRY

	FISHERIES� AND� AQUACULTURE
� ARE

TAKING� TO� RESPOND� TO� CLIMATE

CHANGE� FOCUSSING� ON� RISKS� AND

OPPORTUNITIES ASSOCIATED� WITH

CLIMATE� CHANGE� IN� THE� 8.

AQUACULTURE�SECTOR

BY����� 6EAFISH

&ONTINUE� TO� PRODUCE� ANNUAL

CLIMATE� CHANGE� UPDATES� FOR� THE

WILD�CAPTURE�FISHING�INDUSTRY

2NGOING 6EAFISH

&)*4-� � 7HE� ACTIONS� GOVERNMENT� IS� PROPOSING� TO� ADDRESS� THE� RISKS� AND� OPPORTUNITIES� POSED� BY� A

CHANGING�CLIMATE�OVER�THE�NEXT�FIVE�YEARS WITH�ASSOCIATED�TIME�SCALES�	WHERE�SPECIFIED
�AND�OWNERS�

)ROM

HTTPS���ASSETS�PUBLISHING�SERVICE�GOV�UK�GOVERNMENT�UPLOADS�SYSTEM�UPLOADS�ATTACHMENT@DATA�FILE

��������NATIONAL�ADAPTATION�PROGRAMME������PDF

����� 5EPORTING�$UTHORITY
,N������A�CLIMATE�CHANGE�ADAPTATION�REPORT�FOR�THE�8.�WILD�CAPTURE�SEAFOOD�INDUSTRY�WAS�PRODUCED�BY

6EAFISH�IN�COLLABORATION�WITH�&EFAS�AND�THE�8. 0ARINE�&LIMATE�&HANGE�,MPACTS�3ARTNERSHIP 	0&&,3


FOR�SUBMISSION�TO�THE�8.�*OVERNMENT�UNDER�THE�&LIMATE &HANGE $DAPTATION 5EPORTING 3OWER� 	$53


	HTTPS���WWW�GOV�UK�GOVERNMENT�PUBLICATIONS�CLIMATE�CHANGE�ADAPTATION�REPORTING�THIRD�ROUND
�

7HESE�REPORTS ARE�AUTHORED�BY�SPECIFIC�INDUSTRIES�OR�ORGANISATIONS�REPRESENTING�INDUSTRIES�TO�ASSESS

CURRENT� AND� FUTURE� PREDICTED� EFFECTS� OF� CLIMATE� CHANGE ON� THEIR� INDUSTRY�ORGANISATION AND� THEIR

PROPOSALS�FOR�ADAPTING�TO�CLIMATE�CHANGE��:ITH�RESPECT�TO�THE�LATTER�THESE�REPORTS�CAN�BE�CONSIDERED

AS� A� BOTTOM�UP� APPROACH� TO� IDENTIFYING� FEASIBLE� OPTIONS� 7HE $53� REPORT� 	*ARRETT� ET� AL�� ����


CONSIDERED� THE�MAJOR� IMPACTS�ON� THE� FISHING� INDUSTRY� ARISING� FROM�KEY� CLIMATE� CHANGE�DRIVERS� AND

OUTLINED�MAJOR�AREAS�OF�ADAPTATION ACTION��7HE�$53�EXERCISE�COMPRISED�A�LITERATURE�REVIEW�SUBSTANTIVE

COLLABORATION�WITH�THE�INDUSTRY�INCLUDING����SEMI�STRUCTURED�INTERVIEWS�AND���WORKSHOPS��,T�AIMED�TO

� 7HE�&LIMATE�&HANGE�$CT������GIVES�THE�8.�6ECRETARY�OF�6TATE�THE�POWER�OF�$53�TO�INSTRUCT�REPORTING�AUTHORITIES
TO�REPORTS�ON�WHAT�IS�BEING�DONE�TO�ADAPT�TO�CLIMATE�CHANGE�



��

SUPPORT�THE�8.�SEAFOOD�INDUSTRY�IN�DEVELOPING�A�MANAGED�ADAPTIVE�APPROACH�TO�CLIMATE�CHANGE��7WO

SPECIFIC� OBJECTIVES� WERE� IDENTIFIED�� I
� PROVIDE� A� REVIEW� OF� PROJECTED� CLIMATE� CHANGE� IMPACTS� WITH

IMPLICATIONS�FOR�SEAFOOD��AND�II
�IDENTIFY�RELEVANT�SEAFOOD�INDUSTRY�ADAPTATION�RESPONSES��)IVE�PRINCIPAL

CLIMATE�CHANGE�DRIVERS�WERE�CONSIDERED��SEA� LEVEL�RISE��CHANGES� IN�STORMS�AND�WAVES��TEMPERATURE

CHANGE��OCEAN�ACIDIFICATION��AND�CHANGES�IN�TERRESTRIAL�RAINFALL��3RIORITY�RISKS�WERE�IDENTIFIED�BY�RANKING

RISKS�IN�TERMS�OF�CONFIDENCE PROXIMITY�SEVERITY�AND POSSIBLE�ADAPTATION�ACTIONS�

����� 7HE�(CONOMICS�OF�&LIMATE�5ESILIENCE�REPORT
,N������'EFRA�COMMISSIONED THE ��*)*($�-�*!��'$(�. �� -$'$ )� 	(&5
�REPORT WHICH�INCLUDED�A�REPORT

ON�FISHERIES 	'EFRA�����
� 7HIS�REPORT�GAVE A�DETAILED�ASSESSMENT�OF�WHETHER�OR�NOT�THE 8. FISHING

SECTOR�WILL�BE�ABLE�TO�ADAPT�TO�THE�OPPORTUNITIES�AND�THREATS�ASSOCIATED�WITH�CLIMATE�CHANGE��$GAINST

7HE�ADAPTIVE�CAPACITY�OF�THE�FISHING�INDUSTRY�AS�A�WHOLE�WAS�JUDGED�TO�BE�RELATIVELY�HIGH PARTLY BECAUSE

IT�HAS�STRONG�COMMERCIAL�INCENTIVES�TO�MAKE�THE�MOST�OF�PROFITABLE�OPPORTUNITIES��)URTHERMORE�FISHING

VESSEL�OPERATORS�ARE�USED�TO�DEALING�WITH�CONSTANTLY�CHANGING�WEATHER�AND�FISH�STOCK�SIZES��+OWEVER

THE� ABILITY� OF� SOME FLEET SEGMENTS� 	E�G�� SMALL VESSEL� OPERATORS
� TO� ADAPT� IS� LIKELY� TO� BE� MORE

CONSTRAINED�

7HE�KEY�ADAPTATION�ACTIONS�HIGHLIGHTED�IN�THE�REPORT�INCLUDED�

� 7RAVELLING�FURTHER�TO�FISH�FOR�CURRENT�SPECIES�IF�STOCKS�MOVE�AWAY�FROM 8. PORTS�PARTICULARLY

FOR�LARGE�PELAGIC�FISHING�VESSELS SUCH�AS�THOSE�TARGETING�MACKEREL�AND�HERRING�

� 'IVERSIFYING�THE�LIVELIHOODS�OF�PORT�COMMUNITIES�THIS�MAY�INCLUDE�RECREATIONAL�FISHING�WHERE

POPULAR�ANGLING�SPECIES�BECOME�LOCALLY�MORE�ABUNDANT�	E�G��SEA�BASS
�

� (NHANCING�VESSEL�CAPACITY�IF�STOCKS�OF CURRENTLY�FISHED�SPECIES�INCREASE�AND�SUFFICIENT�QUOTA

ALLOWS�

� &HANGING�GEAR� TO� FISH� FOR�DIFFERENT� SPECIES� IF� NEW�OR�MORE�PROFITABLE�OPPORTUNITIES� TO� FISH

DIFFERENT�SPECIES�ARE�AVAILABLE�ESPECIALLY�IF�THESE�ARE�NOT�YET�COVERED�BY�(8�QUOTA�RESTRICTIONS

	E�G��SQUID
�

� 'EVELOPING�ROUTES�TO�EXPORT�MARKETS�TO�MATCH�THE�CHANGES�IN THE CATCH�SUPPLIED��7HESE�ROUTES

MAY� BE� TO� LOCATIONS� 	SUCH� AS� SOUTHERN� (UROPE
� THAT� CURRENTLY� EAT� THE� FISH� STOCKS� THAT ARE

MOVING�INTO THE�8. ((=�

� 6TIMULATING�DOMESTIC�DEMAND�FOR�A�BROADER�RANGE�OF�SPECIES�THROUGH�JOINT�RETAILER�AND�MEDIA

CAMPAIGNS�

����� 8.�0ARINE�&LIMATE�&HANGE�,MPACTS�3ARTNERSHIP 	0&&,3

7HE�PRINCIPLE�AIM�OF�THE�0&&,3�	HTTP���WWW�MCCIP�ORG�UK� 
�IS�TO�PROVIDE�A�CO�ORDINATING�FRAMEWORK

FOR�THE�8.�SCIENTISTS�TO�TRANSFER�HIGH�QUALITY�EVIDENCE�ON�MARINE�CLIMATE�CHANGE�IMPACTS�AND�PROVIDE

GUIDANCE�ON�ADAPTATION� TO�POLICY� ADVISORS� AND�DECISION�MAKERS� 7HE� FULL�0&&,3� REPORT� SYNTHESISES

UNDERSTANDING�OF�MARINE�CLIMATE�CHANGE�IMPACTS�IN�AN�ACCESSIBLE�AND�ACTIONABLE�FORMAT�DESIGNED�FOR

A� TARGET� AUDIENCE� OF� POLICY� ADVISORS� DECISION� MAKERS� 0INISTERS� 3ARLIAMENT� AND� THE� DEVOLVED

ADMINISTRATIONS�� 7HE� MOST� RECENT� ���YEAR� REPORT� CARD� 	HTTP���WWW�MCCIP�ORG�UK�IMPACTS�REPORT�

CARDS�FULL�REPORT�CARDS���������YEAR�REPORT�CARD� 
�INCLUDES A�DETAILED�REPORT�OF�IMPACTS�ON�FISHERIES

	HTTP���WWW�MCCIP�ORG�UK�MEDIA����������ARC@SCIENCEREVIEW@���@FIS�PDF 
�� 7HE� &LIMATE� 6MART

:ORKING�5EPORTS�PROVIDE�ADAPTATION�ADVICE�FOR�MARINE�SECTORS��7HE�6COTTISH�*OVERNMENT�CONTRIBUTES

FUNDING TO�THE�0&&,3�WITH�6COTTISH�SCIENTISTS AND�INDUSTRIES�CONTRIBUTING�EXPERTISE�AND�ADVICE�



��

����� 0ARINE�&LIMATE�&HANGE�&ENTRE 	0&�

&EFAS HAS A�LARGE�RELATIVELY�WELL�FUNDED�RESEARCH�GROUP�0&� THAT�IS�SPECIFICALLY DEDICATED�TO�CLIMATE

CHANGE� RESEARCH� 	HTTPS���WWW�CEFAS�CO�UK�SERVICES�RESEARCH�ADVICE�AND�CONSULTANCY�CLIMATE�

CHANGE�
��0&��SCIENTISTS� UNDERTAKE CUTTING�EDGE�CLIMATE RESEARCH�PROVIDE�IN�DEPTH�UNDERSTANDING�OF

THE�GLOBAL�EVIDENCE�BASE�COORDINATE�THE�CURRENT�THINKING�ON�MARINE�CLIMATE�CHANGE�ISSUES�GENERALLY

INVESTIGATE�GAPS�IN CURRENT KNOWLEDGE�AND�HELPS�THE�8.�TO�DEVELOP�A�ROBUST�RESPONSE�TO�THE�CHALLENGE

OF�GLOBAL�WARMING��0&��ALSO�HOSTS�0&&,3 	6ECTION������
�� ,T� IS�WORTH�NOTING�THAT� THERE� IS�NO�DIRECT

EQUIVALENT�TO�0&��WITHIN�0ARINE�6COTLAND t 6CIENCE THAT�UNDERTAKES�RESEARCH FOCUSSING�ON CLIMATE

CHANGE� IMPACTS� ON WILD� CAPTURE� FISH STOCKS�� 7HE�0ARINE� $LLIANCE� FOR� 6CIENCE� AND� 7ECHNOLOGY� FOR

6COTLAND� INITIATIVE� 	HTTPS���WWW�MASTS�AC�UK� 
� HAS� TWELVE� RESEARCH� THEMES� OR� FORUMS� INCLUDING

FISHERIES�AND�AQUACULTURE�HOWEVER�0$676�DOES�NOT�HAVE�A�DEDICATED�CLIMATE�CHANGE�THEME�

��� 86

����� 1ATIONAL�OVERVIEW OF�ADAPTATION�PLANS
*REGG  .��'� 	����
�PROVIDES�A�SUMMARY�OF�ADAPTATION�ACTIONS�IN�THE 86 THAT�ARE�SPECIFIC�TO�FISHERIES

	BOTH�$TLANTIC�AND�3ACIFIC
 AND BASED�ON�INTERVIEWS�WITH�FEDERAL�TRIBAL STATE�AND�OTHER STAKEHOLDERS�

&OMMONLY�USED�ADAPTATION�APPROACHES WERE ORGANISED INTO FOUR�BROAD�CATEGORIES�

�)8)+1<A�*=14,16/� STRATEGIES�INCLUDE�CONDUCTING�RESEARCH�AND�ASSESSMENTS INVESTING�IN�TRAINING�AND

OUTREACH�EFFORTS�DEVELOPING�NEW�TOOLS�AND�RESOURCES�AND MONITORING�CLIMATE�CHANGE� IMPACTS�AND

ADAPTATION�EFFECTIVENESS�

#741+A� STRATEGIES� INCLUDE�DEVELOPING�ADAPTATION�PLANS�CREATING�NEW�OR�ENHANCING EXISTING�POLICIES

AND�DEVELOPING�ADAPTIVE�MANAGEMENT�STRATEGIES�

!)<=:)4� :-;7=:+-�5)6)/-5-6<� )6,� +76;-:>)<176� STRATEGIES� INCLUDE� INCORPORATING CLIMATE� CHANGE

INTO� RESTORATION� EFFORTS� ENHANCING� CONNECTIVITY� REDUCING� LOCAL CHANGE� AND� REDUCING� NON�CLIMATE

STRESSORS�THAT�MAY�EXACERBATE�THE�EFFECTS�OF CLIMATE�CHANGE�

�6.:);<:=+<=:-�� 84)6616/�� )6,� ,->-4785-6<� STRATEGIES� INCLUDE� PROTECTING� CRITICAL COASTAL

INFRASTRUCTURE�USED�BY�THE�FISHING�INDUSTRY�AND�CREATING�OR�MODIFYING COASTAL�DEVELOPMENT�MEASURES

TO�INCREASE�HABITAT�RESILIENCE�

%ASED�ON THEIR REVIEW�*REGG�ET� AL�� 	����
 MADE SEVERAL� REASONABLY GENERIC RECOMMENDATIONS FOR

ADVANCING�CLIMATE�INFORMED�FISHERIES MANAGEMENT�OVER�THE�LONG�TERM�

� $DVANCE� MONITORING� EFFORTS� OF� CLIMATE�DRIVEN� IMPACTS� ON� SPECIES� HABITAT� AND� FISHING

COMMUNITIES�

� (NHANCE�HABITAT�CONNECTIVITY�AND�AREAS�UNDER�PROTECTION�

� 5EDUCE� NON�CLIMATE� STRESSORS TO� IMPROVE OVERALL� RESILIENCE� OF� SPECIES� HABITATS� AND

COMMUNITIES�TO�CLIMATE�CHANGE�

� &REATE�FLEXIBLE�MULTI�SPECIES�PERMITTING�LICENSING�AND�MANAGEMENT�PLANS� (NABLING�FLEXIBILITY

IN�TERMS�OF�WHEN�WHERE�WHAT�AND�HOW�MUCH�IS�HARVESTED�WILL�BECOME�INCREASINGLY�IMPORTANT

TO�SUSTAIN�FISHING�LIVELIHOODS�

� $DJUST�QUOTAS�TO�HELP�SUSTAIN�STOCKS 	E�G��REDUCE�FISHING�PRESSURE�ON�VULNERABLE�STOCKS
�

� 7WO�0&�� SCIENTISTS� ATTENDED� THE� $BERDEEN� WORKSHOP� AND� CONTRIBUTED� TO� THIS� REPORT� 	-�� 3INNEGAR� AND� %�
7OWNHILL




��

� 7EMPORARILY� CLOSE� FISHERIES WHEN NECESSARY� 0ANAGERS� SHOULD� SUPPORT� RAPID� RESPONSE

MEASURES�TO�REDUCE�STRESS�ON�VULNERABLE�STOCKS�INCLUDING�TEMPORARY�CLOSURES�

� (VALUATE�POTENTIAL�AND�ESTABLISH�PROCEDURES� FOR�NEW�COMMERCIAL�AND� RECREATIONAL� FISHERIES

	E�G��ESTABLISHMENT�OF�CATCH�LIMITS�NEW�PERMITTING�PROCEDURES
�

� &REATE�INTERNATIONAL�COOPERATIVE�FISHERIES�AGREEMENTS� &LIMATE�CHANGE�WILL�NOT�BE�CONFINED�BY

POLITICAL�OR�SOCIAL�BOUNDARIES�

� 'IVERSIFY�FISHERIES�AND�OR�LIVELIHOODS� ,N�SOME�AREAS�CLIMATE�INDUCED�EFFECTS�ON�FISHERIES�MAY

THREATEN�ENTIRE�COMMUNITIESw�LIVELIHOODS�

0ORE� LOCALISED� APPROACHES� TO� ADAPTATION� PLANNING� ARE� AVAILABLE� ON� THE� (NVIRONMENTAL� 3ROTECTION

$GENCYwS�$DAPTATION�5ESOURCE�&ENTER 	HTTPS���WWW�EPA�GOV�ARC�X
 WHICH�IS�AN�INTERACTIVE�RESOURCE

TO�HELP�LOCAL GOVERNMENTS��&ASE�STUDIES�CAN�BE�SELECTED�SPECIFIC�TO�DIFFERENT�AREAS�OF�INTEREST�LEVEL�OF

GOVERNMENT AND� REGION�� 7HERE� ARE� CASE� STUDIES� RELATED� TO� ECOSYSTEM� PROTECTION

	HTTPS���WWW�EPA�GOV�ARC�X�ECOSYSTEM�PROTECTION�STRATEGIES�CLIMATE�CHANGE
� INCLUDING� SOME

INFORMATION�RELATED�TO�COASTAL�FISH�COMMUNITIES� $DAPTATION�PLANS�FOR�LARGE�COMMERCIAL�FISH�STOCKS�ARE

NOT�AVAILABLE�IN�THIS�RESOURCE�

����� (COSYSTEM�BASED�ADAPTATION PLANNING FOR $LASKAN�FISHERIES
7HE $LASKA� &LIMATE� ,NTEGRATED� 0ODELING 	$&/,0
 PROJECT� IS� AN� INTERDISCIPLINARY� RESEARCH� EFFORT

BETWEEN�PHYSICAL�BIOLOGICAL�ECONOMIC�AND�SOCIAL�SCIENTISTS�AT�THE�12$$�)ISHERIES $)6&�THE�12$$

3ACIFIC� 0ARINE� (NVIRONMENTAL� /ABORATORY� AND� THE� 8NIVERSITY� OF� :ASHINGTON�� 7HE� $&/,0� PROJECT

EXAMINES HOW�DIFFERENT�CLIMATE�SCENARIOS�ARE�LIKELY�TO�IMPACT�THE�%ERING�6EA�ECOSYSTEM�TO�ENSURE�THAT

THE�%ERING�6EA�MANAGEMENT�SYSTEM�IS�READY�FOR�THESE�POTENTIAL�CHANGES��$&/,0�INTEGRATES�CLIMATE

SCENARIOS�WITH�A�SUITE�OF�BIOLOGICAL�MODELS�THAT�INCLUDE�DIFFERENT�LEVELS OF�ECOSYSTEM�COMPLEXITY�AND

SOURCES�OF�UNCERTAINTY��7HE�BIO�PHYSICAL�MODELS�NEED�TO�BE�COUPLED�WITH�MODELS�OF�FISHER�BEHAVIOUR

AND�MANAGEMENT�SCENARIOS��7HE�COMPLEXITY�OF�THE�ECONOMIC�MODELS�VARIES�TO�MATCH�THE�SCALE�OF�THE

BIOLOGICAL�MODELS�WITH�WHICH�THEY�ARE�COUPLED�

7O�DO THIS�GROUPS�OF�ECONOMIC�AND�MANAGEMENT�FACTORS�THAT�ARE�THE�CORE�DRIVERS�OF�FISHERIES�WERE

IDENTIFIED��)OR�MANAGEMENT�THERE�ARE�MANY�POSSIBLE�FUTURE�POLICY�CHOICES�SUCH�AS�CHANGES�IN�TARGET

AND� BYCATCH� SPECIES� ALLOCATIONS� OR� EXPANDED� SPATIAL� PROTECTIVE� MEASURES� THAT� CAN� REDUCE� THE

VULNERABILITY� OF� DIFFERENT� STAKEHOLDERS�� %UILDING� ON� SHARED� SOCIOECONOMIC� PATHWAYS� 	663S
� THE

PRIMARY�MEASURES�THAT�HAVE�BEEN�DEMONSTRATED�TO�IMPACT�PAST�FISHER�BEHAVIOUR�ARE�DEFINED�AS�WELL

AS� A� RANGE� OF FUTURE� ECONOMIC� CHANGES� AND� POLICY� INTERACTIONS� UNDER� WHICH� FUTURE� INTEGRATED

MODELLING�OUTCOMES�ARE�PREDICTED��'IFFERENT�POLICY�TOOLS�CAN�HAVE�A�LARGE�IMPACT�ON�HOW�EFFECTIVELY

MANAGEMENT�CAN�ADAPT�TO�ENVIRONMENTAL�CHANGE�AND�VARIATION���7HIS�APPROACH�WAS�COMPARED�WITH

THE�APPROACHES�OF�SEVERAL�OTHER�LARGE�INTEGRATED�MODELLING�PROJECTS�AND�THE�SPECIFIC�FEATURES�OF�THE

%ERING� 6EA� ECOSYSTEM� ARE� DISCUSSED� TO� HIGHLIGHT� THE�MANAGEMENT� SYSTEM� THAT� WOULD�MAKE� SUCH

APPROACH�THE�MOST�EFFECTIVE� FOR�MARINE�RESOURCE MANAGEMENT� IN� THE�1ORTH�3ACIFIC� 6EVERAL� RECENT

PUBLICATIONS�ARE�AVAILABLE�INCLUDING�+OLSMAN�ET�AL��	IN�PRESS
��+ERMANN�ET�AL�	IN�PRESS
 AND 5EUM�ET�AL�

	����AB
�

��� &OMPARING AND CONTRASTING� THE APPROACHES� TAKEN� TO� ADAPTATION� PLANNING IN

$USTRALIA�8.�AND 86
2NLY�THREE�COUNTRIES�CAN�BE�CONSIDERED�TO HAVE�WELL�DEVELOPED�EXAMPLES�OF ADAPTATION�PLANS SPECIFIC

TO�MARINE�ECOSYSTEMS��$USTRALIA�8.�AND�86��&OMPARING�THE�THREE�APPROACHES�	6ECTIONS����������AND

���
 IS THEREFORE INFORMATIVE PARTICULARLY BECAUSE�THE THREE�COUNTRIES�SPAN�A�GRADIENT�IN�VULNERABILITY



��

OF�FISHERIES TO�CLIMATE�CHANGE�WITH�THE�8.�BEING�AT�THE�LOWER�END�AND�$USTRALIA�BEING�AT�THE UPPER END

OF�THE�SCALE�	$LLISON�ET�AL�������%LASIAK�ET�AL��������'ING�ET�AL������
�

$USTRALIA UNDERTOOK AN� ASSESSMENT� OF THE� VULNERABILITY� OF DIFFERENT MARINE� SPECIES IN� SOUTH�EAST

$USTRALIA TO�CLIMATE�CHANGE�WHICH�IDENTIFIED�FOUR�SPECIES�AS�BEING�PRIORITIES�FOR�DEVELOPING�CUSTOMISED

ADAPTATION�PLANS��7HIS APPROACH CONTRASTS�WITH THAT TAKEN�IN�THE�8. 	THE�&&5$
 WHICH ASSESSES�THE�RISK

AT� MORE� AGGREGATED� LEVELS� OF� ORGANISATION� 	7ABLE� �
 AND� NOT� A� SPECIES�SPECIFIC� LEVEL�� $DAPTATION

PLANNING�IN�THE�SOUTH�EAST�$USTRALIA�REGION ALSO DEVELOPED�A SYSTEMATIC PROCESS�	)IGURE���
�TO�GUIDE

THE STAKEHOLDER�ENGAGEMENTS THAT UNDERPIN�THE�DEVELOPMENT�OF ADAPTATION PLANS� 'IFFERENT OPTIONS

WERE EVALUATED�BY�THE�FISHING�INDUSTRY�WITH�RESPECT�TO�BOTH�THEIR�OVERALL�FEASIBILITY�BENEFIT�AND�RISK

TO�IDENTIFY�OPTIMAL�OPTIONS 	)IGURE���
��2THER�EXAMPLES�OF�BEST�PRACTICE�IN�$USTRALIA�INCLUDE�CONSIDERING

THE�ROBUSTNESS�OF�THE�SEAFOOD�SUPPLY�CHAIN�TO�CLIMATE�CHANGE USING�A�SEMI�QUANTITATIVE�APPROACH�THAT

COULD� EASILY� BE� ADAPTED� FOR� USE� IN� OTHER� SYSTEMS� 	3LAGeNYI� ET� AL� ����
� )URTHERMORE� THEY� HAVE

UNDERTAKEN�SURVEYS�OF�ATTITUDES�OF�FISHERS�TOWARDS CLIMATE�CHANGE OF�WHICH�THERE�ARE�ONLY�VERY�LIMITED

EXAMPLES�FOR�THE�8. 	0ALTBY�����
�

7HE� 8.� APPROACH� TO� ADAPTATION� PLANNING� IS� BY� COMPARISON TO� $USTRALIAwS� AND� THE� 86wS� MORE

CENTRALISED�AND�SYSTEMATIC�ACROSS�DIFFERENT�SECTORS��7HERE�IS�FEEDBACK�BETWEEN�THE�&&5$�AND�THE�1$3S

AS�ILLUSTRATED�BY�7ABLE����&RITICALLY�THE�SPECIFIC�ACTION�POINTS�IS�ASSIGNED�AN�OWNER�AND�PROGRESS�TOWARDS

ACHIEVING�THE�GOAL�IS�EVALUATED�AT�REGULAR�	APPROXIMATELY���YEAR
�INTERVALS AND�REPORTED�TO�3ARLIAMENT�

2NE�DIFFERENCE�WITH�$USTRALIA� IS� THAT�ADAPTATION�ACTIONS ARE FRAMED FOR�APPLICATION AT� THE�NATIONAL

LEVEL��:ITH�RESPECT�TO�FISHING�THIS�COULD�BE�APPROPRIATE GIVEN�THAT�8. FISHERIES�ARE WIDELY DISTRIBUTED

AND� MANAGED INTERNATIONALLY�� ,N� THE� 8.� STAKEHOLDER� ENGAGEMENT HAS� BEEN� A� FEATURE� OF� THE� $53

	6ECTION� �����
� BUT IT IS PROBABLY NOT� AS� EXTENSIVE�OR� INTENSIVE� AS�MIGHT� BE� THE� CASE� IN� SOUTH�EAST

$USTRALIA� 7HE�FACT�THAT�$USTRALIAN�FISHERS�HAVE�COME�TO�RECOGNISE�THE�SALIENCE�OF�CLIMATE�CHANGE�TO

THEIR�OPERATIONS�LIKELY�CONTRIBUTES�TO�THIS�DIFFERENCE�

$DAPTATION�PLANNING�FOR�$LASKAN�FISHERIES�IS�CURRENTLY�BEING�COORDINATED�ACROSS�A�VARIETY�OF�RESEARCH

GROUPS� THROUGH� $&/,0� 	6ECTION� �����
�� 7HE ECOSYSTEM MODELLING� CAPTURE� HOW� DIFFERENT� CLIMATE

SCENARIOS�ARE�LIKELY�TO�IMPACT THE�%ERING�6EA�ECOSYSTEM�WITH�THE�OVERALL�AIM�OF�ENSURING�THAT�THE�%ERING

6EA�MANAGEMENT�SYSTEM�IS�READY�FOR�THESE�POTENTIAL�CHANGES��7HERE� IS�NO EXACTLY ANALOGOUS�EFFORT

CURRENTLY� FOR� 8.� FISHERIES IN� 6COTLAND ALTHOUGH� 0&� HAS� MODELLING� CAPABILITIES� THAT� COULD� BE

DEVELOPED�

� ,NSIGHTS ABOUT� CLIMATE� CHANGE� IMPACTS� ON� FISH FROM COMPARING

$USTRALIA�8.�AND�8.
7HE�WORKSHOP�ASSEMBLED�EXPERTS�FROM�EIGHT�COUNTRIES THAT ALLOWED�FOR�A�BROAD�PERSPECTIVE�INTO�THE

CURRENT�STATE�OF�THE�ART� 'ISCUSSIONS IDENTIFIED�COMMON�ISSUES�RELATED�TO�PREPARING�FOR�CLIMATE�CHANGE

THAT�ARE�OUTLINED�IN�THIS�SECTION AND�THAT�ARE WIDELY�APPLICABLE�

�47*)4�->1,-6+-�7.�,1;<:1*=<176)4�;01.<; 7HERE�IS�NOW�AMPLE�EVIDENCE�OF�CHANGES�IN�THE�DISTRIBUTION�OF

MARINE� SPECIES� OCCURRING� WORLDWIDE� AS� SHOWN� IN� 6ECTION� �� OF� THIS� REPORT� WHICH� DETAILS� CHANGES

OBSERVED�IN�$USTRALIA�THE�86�AND�THE�8.��7HESE�CHANGES�ARE�GENERALLY�BUT�NOT�ALWAYS�IN�A�POLEWARD

DIRECTION�AND�OR�TOWARDS�DEEPER�WATERS�AND�ARE�CONSISTENT�WITH�THE�EXPECTATION�THAT�MARINE�SPECIES

WILL�RELOCATE�TO�AVOID�CLIMATE�INDUCED�INCREASES�IN�SEA�TEMPERATURE��7HESE�DISTRIBUTIONAL�CHANGES�HAVE

BEEN� MAINLY� ASSOCIATED� WITH� WARMING� ALTHOUGH� THE� OCCURRENCE� OF� DENSITY�DEPENDENT� HABITAT

SELECTION�AND�THE�IMPACT�OF�FISHING�PRESSURE�WERE�ALSO�NOTED�TO AFFECT�DISTRIBUTION��2UR�PERCEPTION�OF



��

THESE�DISTRIBUTION�CHANGE�IS�ONLY�AS�GOOD�AS�THE�DATA�AVAILABLE�TO�QUANTIFY�THEM��,N�THE�86�AND�THE�8.

STANDARDISED�DATASETS�FROM�SCIENTIFIC�SURVEYS�ALLOW�FOR�A�SYSTEMATIC�ASSESSMENT�OF�DISTRIBUTION�SHIFTS

WHILE� IN�$USTRALIA�ANALYSES�OF�DISTRIBUTION�CHANGES�RELY�ON�OBSERVATIONS�FORM�THE�PUBLIC�AND�MODEL

SIMULATIONS�AS�PROXIES��,MPROVING�DATA�COLLECTION�AND�REPORTING�OF�FISH�DISTRIBUTION�WOULD�CONTRIBUTE

TOWARDS�OUR�UNDERSTANDING�OF�DISTRIBUTION�CHANGES�OF�COMMERCIAL�MARINE�SPECIES�

�47*)4�->1,-6+-�76�+0)6/-;�16�16,1>1,=)4�/:7?<0 7HERE�IS LIMITED SUPPORT�FOR�765�IN BOTH $USTRALIAN

AND�8.�WATERS SUGGESTING�THAT�UNRECOGNISED�CLIMATE�DRIVEN�DECLINES� IN�YIELD�HAS� LIKELY�OCCURRED� IN

COMMERCIAL�FISH�STOCKS��'ATA�FROM�THE�86�WERE�MORE�EQUIVOCAL�BUT�THIS�COULD�PARTLY�BE�A�RESULT�OF�THE

ANALYSES� FOR� 3ACIFIC� FISH� STOCKS� WHICH� GROWTH� IS� LIKELY� TO� BE� STRONGLY� IMPACTED� BY� UPWELLING�� 7HIS

POSSIBILITY�IS�WELL�FOUNDED�IN�THEORY�BUT�REQUIRES�MORE�TESTING�USING�GLOBAL DATABASES�AS�OUTLINED�IN

6ECTION� ���� (STABLISHING� THAT� THE� 765� HAS� A� BROAD� BASE� OF� SUPPORT� WILL� ENABLE� SCIENTISTS� TO

COMMUNICATE�THE�RISKS�POSED�BY�WARMING�WATERS�TO�FISH�E�G��THE�INDUSTRY RESISTANCE TO�THE�xSHRINKING

FISHy�MESSAGE�	)IGURE���
�

�1..-:-6<1)4�>=46-:)*141<A�7.�.1;0�;<7+3;�<7�+415)<-�+0)6/- 4UANTITATIVE�VULNERABILITY�ASSESSMENTS�ARE

WIDELY�USED�AS�A�STARTING�POINT�FOR�DESCRIBING�RISKS�AND�IDENTIFYING�PRIORITY�STOCKS�FOR�CONSERVATION�OR

ADAPTATION�MEASURES��$�GLOBAL�SCALE�ASSESSMENTS�OF�THE VULNERABILITY�OF�MARINE�RESOURCES�HAS�FOUND

THAT�THE�OVERALL�THE�VULNERABILITY�OF�8.�FISHERIES�RESOURCES�IS�SMALL�COMPARED�TO�OTHER�REGIONS�	$LLISON

ET�AL�����
� 2N�MORE�REGIONAL�SCALES�THE�VULNERABILITY�ANALYSES�FOR�MARINE�SPECIES�ON�THE�7ASMANIAN

COAST WAS�VALUABLE�FOR�IDENTIFYING�PRIORITY�COMMERCIAL�STOCKS�

'=46-:)*141<A�7.�.1;016/�16,=;<:A�<7�;<7:516-;;��7HERE�IS�SOME�EVIDENCE�SUGGESTING�THAT�THE�FREQUENCY

AND�INTENSITY�OF�STORMS�WILL�INCREASE�IN�THE�1ORTHEASTERN�$TLANTIC�	0mLTER�ET�AL������
��7HE�VULNERABILITY

OF� FISHERIES� TO� CHANGES� IN� STORMINESS� IS� UNCLEAR� AT� PRESENT� 	6AINSBURY� ET� AL�� ����
�� 9ULNERABILITY

ASSESSMENTS�FOR�SPECIFIC�FISHING�INDUSTRIES�ESPECIALLY�OFFSHORE�INDUSTRIES�BUT�ALSO�FISH�FARMS�COULD�BE

ENHANCED�BY� INCORPORATING�APPROPRIATE�MEASURES�OF�EXPOSURE� SENSITIVITY�AND�ADAPTIVE�CAPACITY� TO

STORMS�

#741+A�),)8<)<176 $�RESEARCH�BASE�IS�DEVELOPING�ADVOCATING�PREPARING�OCEAN�GOVERNANCE�SPECIFICALLY

POLICY� FOR� THE�REALITY�OF�CLIMATE�DRIVEN�SHIFTS� IN�DISTRIBUTION�OF� FISH� 	3INSKY�ET�AL�����
�� ,T�WOULD�BE

USEFUL�TO�IDENTIFY�THE�RANGE�OF�POLICY�LEVERS�THAT�ARE�AVAILABLE�TO�DEAL�WITH�THIS�PROBLEM�AND�SUMMARISE

GLOBAL�EXPERIENCE��)OR�EXAMPLE�QUOTA�SWAPPING�AT�THE�NATIONAL�AND�SUB�NATIONAL� LEVEL� IS�USED� IN�A

VARIETY�OF�FISHERIES�TO�BALANCE�THE�DISTRIBUTIONAL�SHIFTS�OF�SHARED�STOCKS�

�+76751+�)6,�;<:=+<=:)4�,:1>-:;�7.�),)8<)<176 &LIMATE�EFFECTS�ON�FISHERIES�CAN�BE�COMPLEX�BECAUSE

THEY�ARISE�THROUGH�A�COMBINATION�OF�DIFFERENT�PHYSICAL�BIOLOGICAL�AND�ECONOMIC�MECHANISMS�THAT�MAY

INTERACT�WITH�EACH OTHER�	+AYNIE�AND�3FEIFFER�����
��'IFFERENT FLEETS�MIGHT�REACT�DIFFERENTLY TO�THESE

DRIVERS�	:ATSON�AND�+AYNIE�����
��6CENARIO�MODELLING�USING�ECONOMIC�DATA�COULD�BE�USED�TO�IDENTIFY

DIFFERENT�ADAPTATION�PATHWAYS�SPECIFIC� FOR�DIFFERENT�FLEETS�CONDITIONED ON�THE�MOST� LIKELY�BIOLOGICAL

IMPACTS� IDENTIFIED� 	CHANGING� BIOGEOGRAPHY� CHANGING� GROWTH� RATE� CHANGING� MULTI�SPECIES

COMPOSITION
�

�7<<75�=8�>-:;=;�<78�,7?6�)88:7)+0-;�<7�),)8<)<176 ,N�SPITE�OF�HAVING�ONLY�THREE�EXAMPLES�OF�1$36

THAT�ARE�COMPARATIVELY�WELL�DEVELOPED�FOR�MARINE�ECOSYSTEMS�IT�IS�CLEAR�THAT�THERE�ARE�DIFFERENCES�TO

THE�APPROACHES�TO�UNDERTAKING�1$3S��,N�PARTICULAR�$USTRALIA�AND�THE�8.�FORM�A�CONTRAST��7HE�1$3�IN

$USTRALIA�AND�ASSOCIATED�RESEARCH�INVESTMENT�HAS�DIRECTED�FUNDING�TOWARDS�BOTTOM�UP�APPROACHES�TO

IDENTIFYING� DETAILED� FEASIBLE� AND� REGION�SPECIFIC� ADAPTATIONS� AS� OUTLINED� IN� 6ECTION� ���� THROUGH

EXTENSIVE� STAKEHOLDER� ENGAGEMENT�� %Y� CONTRAST� THE� 8.� TAKES� A� CENTRALISED� APPROACH� WITH� THE



��

ADAPTATION� PLANS� FOR� MARINE� ECOSYSTEMS� CONFORMING� TO� A� NATIONALLY� DEFINED� REPORTING� PROTOCOL

INCLUDING�&&5$��,N�BOTH�CASES�IT�IS�APPROPRIATE�THAT�THE�IMPLEMENTATION�TIME�FRAME�BE�SPECIFIED�AND

THE�EXACT�NATURE�OF�FOLLOW�UP�ACTIONS�FOR�EACH�ADAPTATION�OPTIONS�BE�TRACKED�AS�IS�DONE�IN�THE�8.�CASE�

%)41-6+-� 7.� +415)<-� +0)6/-� <7� <0-� .1;016/� 16,=;<:A ,N� GENERAL� FISHERS� PERCEIVE� CLIMATE� CHANGE� TO

OPERATE�ON�TIME�SCALES�THAT�ARE�TOO�LONG�TO�BE�OF�RELEVANCE�TO�DAY�TO�DAY�OPERATIONS��+OWEVER�THE

$USTRALIAN�EXAMPLE�OF�THE�EAST�COAST�OF�7ASMANIA�ILLUSTRATED�HOW�QUICKLY�THE�ATTITUDE�OF�FISHERS�COULD

CHANGE�WHEN�PRESENTED�WITH�BOTH� FIRST�HAND�EXPERIENCE�OF�EXTREME�WEATHER�EVENTS�AND�SCIENTIFIC

KNOWLEDGE� THAT� IS� COMMUNICATED�EFFECTIVELY� 	E�G�� THROUGH� STAKEHOLDER�ENGAGEMENTS
� AND�DIRECTLY

RELEVANT�TO�THE�BUSINESS 	E�G��STORMINESS�ECONOMIC�IMPACTS�YIELDS�OF�FISH�STOCKS
�

�667>)<176�16�,->-47816/�)6�->1,-6+-�*);-�.7:�<:)+316/�+415)<-�+0)6/- 5ESEARCH�VESSEL�SURVEYS�ARE

A�STANDARDISED�INFORMATION�ABOUT�LOCATION�OF�FISH�DISTRIBUTION�AND�GROWTH�OVER�TIME�IN�1ORTH�$MERICAN

AND�(UROPEAN�WATERS��2WING�TO�THEIR�CONSISTENCY�THESE�DATA�HAVE�BEEN�WIDELY�USED�IN�CLIMATE�CHANGE

RESEARCH��7HE�FISHING�INDUSTRY�GENERATES�A�WEALTH�OF�STANDARDISED�INFORMATION�THAT�HAS�YET�TO�BE�FULLY

CAPTURED�BY�SCIENTISTS�WORKING�ON�CLIMATE�CHANGE� )OR�EXAMPLE�THE�FISHING�INDUSTRY�SAMPLES�REGULARLY

ENOUGH�TO�GENERATE�HIGH�FREQUENCY�INFORMATION�ABOUT�THE�TIMING�OF�SEASONAL�EVENTS�SUCH�AS�SPAWNING�

7HE�USE�OF� INDUSTRY�GENERATED� INTRASEASONAL�DATA� REGARDING� THE� LANDING�OF� COD� ROE� 	0C4UEEN�AND

0ARSHALL ����
�AND�MATURITY�STAGES�OF�SOLE�	)INCHAM�ET�AL������
�HAVE�YIELDED�VALUABLE�EVIDENCE�OF

SHIFTS�IN�SPAWNING�TIMES�IN�THE�1ORTH�6EA��,NNOVATIVE�APPROACHES�IN�$USTRALIA�HAVE�BEEN�DEVELOPED�IN

PART�DUE�TO�DATA�LIMITATIONS�FOR�EXAMPLE�THE�CITIZEN�SCIENCE�5EDMAP�PROJECT�

� 5ECOMMENDATIONS RELEVANT�TO�6COTTISH�FISHING�INDUSTRY
$T�THE�CONCLUSION�OF�THE�WORKSHOP�A�PLENARY�DISCUSSION�FOCUSSED�ON ISSUES PERTAINING SPECIFICALLY TO

6COTTISH�FISH�AND�FISHERIES� .NOWLEDGE�GAPS�THAT�WERE�IDENTIFIED�BY�THE�GROUP FELL�INTO�TWO�CATEGORIES�

BIOLOGICAL� KNOWLEDGE� GAPS 	6ECTION� �����
 AND� INDUSTRY�FOCUSSED� KNOWLEDGE� GAPS 	6ECTION� �����
�

:ITHIN�EACH�CATEGORY THE�KNOWLEDGE GAPS�ARE� LISTED� IN�DESCENDING�ORDER�OF�PRIORITY� 	APPROXIMATE
�

%ARRIERS�TO�KNOWLEDGE�DEVELOPMENT�AND�EXCHANGE�	6ECTION����
�AND THE�PUBLIC�OUTREACH REQUIRED�TO

RAISE�AWARENESS�ACROSS�THE�6COTTISH�INDUSTRY 	6ECTION ���
�WERE�ALSO�BRIEFLY�CONSIDERED�

��� .NOWLEDGE�GAPS

����� %IOLOGICAL�KNOWLEDGE�GAPS
�:-)<-:�=6,-:;<)6,16/�7.�<0-�413-4A�158)+<;�7.�+415)<-�+0)6/-�76 .=<=:-�.1;0�A1-4,;�16�<0-�!7:<0�%-)�

%AUDRON�ET�AL�� 	����
�SHOWED�THAT�THE�MAJORITY�OF�COMMERCIAL�STOCKS�STUDIED�	��OF��
�HAVE�ALREADY

SHOWN�SUBSTANTIAL�DECREASES� IN�MAXIMUM�BODY�SIZE�THAT�HAS�ALREADY� LED�TO�SUBSTANTIVE�DECLINES� IN

YIELDS�	!����ON�AVERAGE
� 7HE�NEXT�LOGICAL�STEP�IS�TO�PROJECT�THIS�BIOLOGICAL�KNOWLEDGE�FORWARD�OVER

TIME� TO� ESTIMATE� THE�MAGNITUDE�OF� TEMPERATURE�DRIVEN� DECLINES� IN� YIELD� IN� FUTURE USING� THE� LATEST

PROJECTIONS�OF�OCEAN�CONDITIONS�	HTTPS���WWW�METOFFICE�GOV�UK�RESEARCH�COLLABORATION�UKCP�ABOUT
�

'=46-:)*141<A�);;-;;5-6<;�.7:�,1..-:-6<�;8-+1-; 7RAIT�BASED�VULNERABILITY�ASSESSMENTS�HAVE�EMERGED

AS� A� RELATIVELY� RAPID� ASSESSMENT� PROCEDURE� IN� WHICH� INVESTIGATORS� CONSIDER� HOW� SPECIES�SPECIFIC

BIOLOGICAL�TRAITS�UNDERPIN�THE�RESPONSE�TO�CLIMATE�EXPOSURE�	*ARCIA�ET�AL������
��&LIMATE�VULNERABILITY

ASSESSMENTS�HAVE�BEEN� INCREASINGLY�APPLIED�TO�ASSIST� IN� THE�SUSTAINABLE�MANAGEMENT�OF�HARVESTED

MARINE� FISH�AND� INVERTEBRATE�POPULATIONS� 	3ECL�ET� AL��������+ARE�ET� AL�� �����2RTEGA�&ISNEROS�ET� AL

����
��7HESE�STUDIES�CAN�PROVIDE�NECESSARY� INFORMATION�FOR�POLICY�MAKERS�TO� INCREASE�THE�ADAPTIVE

CAPACITY� OF� INDUSTRIES� AFFECTED BY� CLIMATE� CHANGE� 	&OLBURN� ET� AL�� ����
�� 2N�MORE� REGIONAL� SCALES

$USTRALIA�UNDERTOOK�A�REGIONAL�VULNERABILITY�ANALYSIS�OF�SPECIES�ACROSS�SOUTH�EAST�$USTRALIA�AND�WAS



��

CONSEQUENTLY�ABLE� TO� IDENTIFY� FOUR� SPECIES� THAT�WERE�PRIORITIES��$DAPTATION�PLANS� FOR�EACH�OF� THESE

PRIORITY� SPECIES�WERE� THEN�DEVELOPED�WHICH� REPRESENTS� A� RATIONAL� DEPLOYMENT� OF� LIMITED� RESEARCH

CAPACITY�� 7O� INFORM� THE� ADAPTATION� PLANNING� PROCESS� FOR� 6COTTISH� FISHERIES� IT� WOULD� BE� USEFUL� TO

UNDERTAKE�A�TRAIT�BASED�VULNERABILITY�ASSESSMENT�OF THE�MARINE�COMMUNITIES�ON�THE�WEST�COAST�AND�IN

THE�1ORTH�6EA�TO�IDENTIFY�PRIORITY�SPECIES�AND�STOCKS�

�58)+<;�7.�7+-)6�)+1,1.1+)<176 $CIDIFICATION�IMPACTS�ON�6COTTISH�SHELLFISH�ARE�UNDERSTUDIED�RELATIVE�TO

OTHER�SHELLFISHERIES�GLOBALLY��7HIS�RESEARCH�COULD�SYNTHESISE�BOTH�VULNERABLE�SPECIES�AND�VULNERABLE�LIFE

HISTORY� STAGES�� &APTURE� TEMPORAL� TRENDS� IN� ACIDIFICATION� OF� 6COTTISH� WATERS� TO� GAUGE� WHETHER� THE

MAGNITUDE�OF�CHANGE�IS�OF�CONCERN�

&0-:5)4�)6,�51/:)<7:A�-@8-:1-6+-�7.�57*14-�.1;0�;8-+1-; ,N�ORDER�TO�LINK�CHANGES�IN�DISTRIBUTION�TO

THE�INDIVIDUAL�FISH�THERMAL�EXPERIENCE�IT�WOULD�BE�HELPFUL�TO�USE�TECHNOLOGY�SUCH�AS�OTOLITH�INCREMENT

ANALYSIS�	2NG�ET�AL������
�OR�'ATA�6TORAGE�7AGS�	1EAT�ET�AL�����
�TO�RECONSTRUCT�THE�THERMAL�EXPERIENCE

OF� FISH� STOCKS�� 7HIS� WOULD� BE� PARTICULARLY� VALUABLE� FOR� FISH� SUCH� AS� COD THAT� EXPERIENCE� DIVERSE

ENVIRONMENTAL� CONDITIONS� THROUGHOUT� THEIR� LIFETIME�� /IMITED� TAGGING� WORK� HAS� BEEN� DONE� BY� THE

0ARINE�/ABORATORY�IN�THE�PAST�	1EAT�ET�AL������
�BUT�THERE�IS�NO�ONGOING�WORK�

�415)<-�158)+<;�76�;)4576 ,NSIGHTS�INTO�THE�IMPACTS�OF�CLIMATE�CHANGE�FOR�RECREATIONAL�FISH�IN�6COTLAND

	PRINCIPALLY�$TLANTIC�SALMON
�COULD�ALSO�PROVIDE�USEFUL�INDICATION�OF�CLIMATE�CHANGE�IMPACTS�ON�BODY

SIZE� 	7ODD�ET�AL������
 AND THE�TIMING�OF RETURNS 	-UANES�ET�AL������
��7HE�PHYSIOLOGICAL� IMPACTS�OF

CLIMATE�CHANGE�ON�ANADROMOUS�FISH�WILL�BE�SIMILAR�IN�SEVERAL�RESPECTS�AND�COULD�CONFIRM�THE�NATURE�OF

LIKELY�IMPACTS�ON�CATADROMOUS�FISH�

����� ,NDUSTRY�FOCUSSED�KNOWLEDGE�GAPS
�1;<7:1+)4�,)<)�,-;+:1*16/�,1;<:1*=<176�7.�.1;0�+)<+0-; 5ESEARCH�UNDERTAKEN�BY�0&��ILLUSTRATED�HOW

HISTORICAL�DATA�COULD�BE�USED�TO�DESCRIBE�TEMPORAL�PATTERNS�ON�WHERE�WHEN�AND�HOW�MUCH�FISH�CATCH

OCCURRED�IN�THE�1ORTH�6EA���7HIS�GENERATED�SPATIAL�TIME�SERIES�OF�COMMERCIAL�CATCH�PER�UNIT�EFFORT�DATA

FROM������WHICH�DEPICTED�HISTORICAL�TRENDS�IN�THE�SPATIAL�DISTRIBUTION�OF�COMMERCIAL�FISH�	(NGELHARD�ET

AL������
��*OVERNMENT�AND�MARINE�RESEARCH�INSTITUTES�HAVE�COLLECTIONS�OF�EITHER�PAPER�RECORDS�OR�SCANS

OF�DATA�RELATING�TO�CATCH�HISTORY�OR�FISHERIES�INDEPENDENT�SURVEYS�THAT�BOTH�CAN�AID�IN�PROVIDING�A�LONGER

TIME�SERIES�OF�RELEVANT�DATA�ON�COMMERCIALLY�IMPORTANT�SPECIES��6PECIFICALLY�THE�0ARINE�/ABORATORY�IN

$BERDEEN�HOLDS�RECORDS�OF�SURVEYS�GOING�BACK�TO�THE�����wS��0OST�OF�THESE�RECORDS�ARE�SCANNED�BUT

NOT�FULLY�DIGITISED�TO�A�USABLE�AND�QUALITY�CONTROLLED�DATA�FORMAT��7HERE�IS�A�POSSIBILITY�TO�PRIORITISE�THE

DIGITISATION�QUALITY�CHECKS�AND�PUBLICATION�OF�THIS�DATA�EITHER�AS�A�DEDICATED�PROJECT�TO�WORK�THROUGH

THE�DATA�WHERE�ORIGINAL�DOCUMENTS�ARE�SCANNED��7HIS�WILL�MAXIMISE�THE�USE�OF�6COTTISH�HISTORICAL�DATA

IN�A�WAY�THAT�IS�COMPLEMENTARY�TO�THE�ANALYSIS�OF�&EFAS�DATA�BY�0&��

�6.7:516/�<0- .1;016/�16,=;<:A )*7=<�158)+<;�7.�+415)<-�?):516/ 7HERE�IS�A�NEED�FOR�READILY�ACCESSIBLE

INFORMATION� ABOUT� CLIMATE� CHANGE� THAT� IS� CUSTOMISED� ACCORDING� TO� THE� INTEREST� AND� NEEDS� OF� THE

INDUSTRY�AND�THAT�WAS�UPDATED�REGULARLY�TO�REFLECT�DEVELOPMENTS�IN�BOTH�LOCAL�AND�GLOBAL�KNOWLEDGE�

7HIS�WOULD�BENEFIT�THE�EXCHANGE�OF�KNOWLEDGE�BETWEEN�SCIENTISTS�AND THE�FISHING�INDUSTRY��7HE�0&&,3

xREPORT�CARDy�APPROACH�	HTTP���WWW�MCCIP�ORG�UK�IMPACTS�REPORT�CARDS� 
�TARGETS�SPECIFIC�AUDIENCE

	POLICY�MAKERS�AND�POLITICIANS
�BUT�COULD�BE�ADAPTED�SPECIFICALLY�FOR�AN�INDUSTRY�AUDIENCE��6EAFISH�HAS

CONSIDERABLE�EXPERTISE� IN�COMMUNICATING�WITH� INDUSTRY�ON� THIS� TOPIC��+OWEVER� THEIR�EFFORTS�WOULD

BENEFIT�FROM�INCLUDING�BIOLOGICAL�AND�ECOLOGICAL�KNOWLEDGE�SUCH�AS�THAT�REVIEWED�IN�THIS�REPORT�

%=:>-A16/� 16,=;<:A� 8-:+-8<176;� )*7=<� +415)<-� +0)6/- ,MPLEMENTING� ADAPTATION� PLANS� PRESUMES

INDUSTRY�RECOGNISES�THE�NEED�TO�ADAPT��7HIS�IS�NOT�NECESSARILY�THE�CASE�IN�6COTTISH�FISHERIES��7HE�PELAGIC



��

INDUSTRY�HAS�BEEN�MOST�PROACTIVE�ON�THE�ISSUES�OF�CLIMATE�CHANGE�PARTLY�AS�A�CONSEQUENCE�OF�HAVING

RECENT�EXPERIENCE�OF MARKEDLY CHANGING�RESOURCES�	MACKEREL�DISTRIBUTION
��2VERALL�THERE�IS�RELATIVELY

LIMITED�INFORMATION�ABOUT�ATTITUDES�OF�FISHERS�TO�CLIMATE�CHANGE�AND�THEIR�PERCEPTIONS�OF�RISK��6URVEYS

OF�DIFFERENT�6COTTISH�FLEETS�WOULD�BE�USEFUL�SIMILAR�TO�WHAT�HAS�BEEN�DONE�ON�A�LIMITED�SCALE�FOR�THE

MIXED� FISHERY� IN� SOUTH�WEST�OF� (NGLAND� 	0ALTBY�����
�� ,T�WOULD�BE�USEFUL� TO� SURVEY� FISHERS�HAVING

DECADAL� SCALE� EXPERIENCE� OF� FISHING� SO� AS� TO� ASSESS�WHETHER� THERE� IS� DIRECT� EXPERIENCE� OF� SHIFTING

DISTRIBUTION�� ,T�WOULD�ALSO�BE�USEFUL� TO�GAUGE�ATTITUDES�TOWARDS�CLIMATE�CHANGE�E�G��$USTRALIA��7HE

0ALTBY�THESIS�ALSO�RELEVANT��7HE�INTEREST�OF�FISHERS�FOR�LONG�TERM�ISSUES�SUCH�AS�CLIMATE�CHANGE�IS�OFTEN

SUPERSEDED�BY�SHORT�TERM�MORE�PRESSING�ISSUES�SUCH�AS�THE�LANDINGS�OBLIGATION�RESULTING�IN�CLIMATE�

RELATED�ISSUES�BEING�OFTEN�RELEGATED�TO�THE�BACKGROUND� 7HIS�COULD�BE�PART�OF�ACTIVITIES�UNDERTAKEN�BY

6EAFISH�IN�ORDER�TO�DELIVER�THE CLIMATE�CHANGE�ADAPTATION�REPORT�BY����� 	7ABLE��
�

#:-8):16/�.7:�6-?�.1;016/�7887:<=61<1-; (MERGING�SPECIES�SUCH�AS�SQUID�SMALL�PELAGICS�AND�BLUEFIN

TUNA�WILL�POTENTIALLY�BECOME�MAJOR�NEW�RESOURCES�FOR�THE�FISHING�INDUSTRY��6OME�INCLUDING�SQUID�HAVE

IN� THE� PAST� BEEN� REGARDED� AS� A� SUPPLEMENTARY� SOURCE� OF� INCOME� RATHER� THAN� A� PRIMARY� SOURCE� OF

INCOME��0ANAGING� THESE� EMERGING� RESOURCES� SUSTAINABLY� AND� EFFICIENTLY�WILL� REQUIRE� NEW� SCIENTIFIC

INFORMATION�AND�ADAPTATION�PLANNING�BY�THE�6COTTISH�INDUSTRY�AROUND�AN�UNSTABLE�RESOURCE�HAVING�A

SHORT�LIFE�SPAN��0ANAGEMENT�MEASURES�WOULD�NEED�TO�BE�INTRODUCED�TO�ENSURE�SUSTAINABLE�HARVESTING

TO�AVOID�BOOM�AND�BUST�CYCLES�AS�WELL�AS�UNDESIRABLE�ECOLOGICAL�CONSEQUENCES��%URSARIES�COULD�BE�USED

TO�ALLOW�THE�INDUSTRY�	FISHERS�AND�PROCESSORS
�TO�ACQUIRE�RELEVANT�TRAINING�

'=46-:)*141<A�7.�;-).77,�;=884A�6-<?7:3; 6ENSITIVITY�ANALYSES�CAN�BE�USED�TO�ILLUSTRATE�HOW�DIFFERENT

POINTS� IN� SEAFOOD� SUPPLY� CHAIN� ARE� DIFFERENTIALLY� IMPACTED� BY� DIRECTIONAL� CHANGES� IN� CLIMATE�� )OR

EXAMPLE� INCREASED� STORMINESS� WOULD� IMPOSE� DIFFICULTIES� IN� TRANSPORT� OF� MATERIAL� BY� LAND� OR� SEA

REDUCED�SAFETY�AT� SEA�AND�OR� LESS� TIME�SPENT� FISHING� 7HE�6UPPLY�&HAIN� ,NDEX� 	3LAGeNYI�ET�AL�����


IDENTIFIES�CRITICAL�ELEMENTS�AS�BEING�THOSE�ELEMENTS�WITH� LARGE�THROUGHPUT�RATES�AS�WELL�AS�GREATER

CONNECTIVITY�	ANALOGOUS�TO�A�FOOD�WEB
��7HE�SUM�OF�THE�SCORES�FOR�A�SUPPLY�CHAIN�PROVIDES�A�SINGLE

METRIC�THAT�APPROXIMATES�BOTH�THE�RESILIENCE�AND�INTERCONNECTEDNESS�OF�A�SUPPLY�CHAIN��,DENTIFICATION

OF� KEY� ELEMENTS� ACROSS� THE� SUPPLY� CHAIN� CAN� ASSIST� IN� INFORMING� ADAPTATION� STRATEGIES� TO� REDUCE

ANTICIPATED�FUTURE�RISKS�POSED�BY�CLIMATE�CHANGE�

�+76751+� 158)+<;� 7.� +415)<-� +0)6/-� .7:� %+7<<1;0� .1;0-:1-;�� )OLLOWING� EXAMPLES� FOR� THE� $LASKAN

FISHERIES� 	E�G��:ATSON�AND�+AYNIE�����
� IT�WOULD�BE�USEFUL� TO� SPECIFICALLY� INCORPORATE� KNOWLEDGE

SPECIFIC�TO�6COTTISH�FISHERIES�E�G��CHANGING�DISTRIBUTION�OF�PELAGICS�OR�CHANGING�INDIVIDUAL�GROWTH�RATES

	SMALLER�ADULT�BODY�SIZES
�INTO�BIOECONOMIC�MODELS�TO�EXAMINE�THE�IMPACTS�VARIOUS�SCENARIOS�RELATED

TO� CHANGING� BIOGEOGRAPHY� CHANGING� SPECIES� COMPOSITION�OF� CATCH� 	E�G�� INCREASE� IN� SMALL� PELAGICS

DECLINE�IN�COD
�INCREASED�COSTS�DUE�TO�LONGER�DISTANCE�TRIPS�OR�INCREASED�STORMINESS�	SEE�ABOVE
�

��� %ARRIERS�TO�KNOWLEDGE�DEVELOPMENT�AND�EXCHANGE
2NE�KEY�INSIGHT�WAS�THE�IMPORTANCE�OF�HAVING�A�DEDICATED�RESEARCH�GROUP�TO�COORDINATE�AND�DELIVER

THE�KNOWLEDGE�REQUIRED�FOR�ASSESSING�RISK�AND�DEVELOPING�REGIONAL�ADAPTATION�PLANS��7HIS�GROUP�COULD

OPERATE� AT� THE� REGIONAL� OR� NATIONAL� SCALE�� ,N� $USTRALIA� THE� WORLD�LEADING� RESEARCH� CAPACITY� OF� THE

8NIVERSITY�OF�7ASMANIA�WAS�CRITICALLY�IMPORTANT�TO�COORDINATING�AND�UNDERTAKING�MANY�OF�THE�KEY�STEPS

INCLUDING� ASSESSING� VULNERABILITY� AND� RISK� AND� COORDINATING� STAKEHOLDER� ENGAGEMENT� REQUIRED� TO

IDENTIFY�FEASIBLE�ADAPTATION�OPTIONS��,N�THE�8. 0&��COORDINATES�MANY�OF�THE�8.�CONTRIBUTIONS�TO�THE

&&5$�AND�1$3�AS�WELL�AS�UNDERTAKES�BASIC�RESEARCH�RESULTING� IN�MANY�OF�THE�SCIENTIFIC�PUBLICATIONS

REFERENCED�HERE�FOR�THE�1ORTH�6EA�



��

6COTLAND�DOES�NOT�CURRENTLY�HAVE�A�COMPARABLE�CONCENTRATION�OF�EXPERTISE�WITHIN�A�SINGLE�AGENCY�THAT

IS�DEDICATED�TO�CLIMATE�CHANGE�IN�MARINE�ECOSYSTEMS�	INCLUDING�FISH�AND�FISHERIES
�AND�THAT�WOULD�HAVE

THE�NECESSARY�CRITICAL�MASS�TO�COORDINATE�PLANNING�AND�IMPLEMENTATION�OF�ADAPTATION�ACTIVITIES��7HERE

IS HOWEVER EXPERTISE�SCATTERED�ACROSS�UNIVERSITIES�GOVERNMENT� FISHING�AGENCIES�SUCH�6EAFISH��%UT

BEING� HOUSED� IN� DIFFERENT� LOCATIONS� INHIBITS� PLANNING� AND� UNDERTAKING� A� COORDINATED� RESEARCH

PROGRAMME�� )URTHERMORE� THERE� IS� A� LACK� OF� ENABLING� FUNDING� TO� DEFINE� SUCH� A� PROGRAMME�� 7HIS

SEVERELY� CONSTRAINS� THE� NATIONAL� CAPACITY�� 7HE� IMPENDING� LOSS� OF� (8� RESEARCH� FUNDING�MIGHT� HAVE

NEGATIVE�CONSEQUENCES�FOR�CLIMATE�CHANGE�RESEARCH�GIVEN�THAT�THERE�HAVE�BEEN�SEVERAL�DEDICATED�(8

PROJECTS�ON�CLIMATE�CHANGE�THAT HAS FUNDED�6COTTISH RESEARCH�	E�G��&LIMEFISH HTTPS���CLIMEFISH�EU�
�

��� 5AISING�AWARENESS ABOUT�CLIMATE�CHANGE IN THE�FISHING�INDUSTRY
&LIMATE�CHANGE�IS�FIRMLY�IN�THE�PUBLIC�EYE�DUE�TO�RECENT�HIGH�LEVEL�PUBLICATIONS AND�PARTICULARLY�THE

,3&&�REPORT IN������ $S�THIS�REPORT�HIGHLIGHTS�	6ECTION ���
�THE�6COTTISH�FISHING�INDUSTRYwS�KNOWLEDGE

OF�CLIMATE�CHANGE�IS�LIMITED�AND�THEIR�VULNERABILITY�TO�IMPACTS�IS�LARGELY�UNASSESSED��7HE�PUBLIC�EVENT

HELD� AS� PART� OF� THIS�WORKSHOP�WAS� VERY� SUCCESSFUL� BECAUSE� OF� THE� INVOLVEMENT� OF� KNOWLEDGEABLE

INDUSTRY�PARTICIPANTS�	*EORGE�:EST�AND�6TEVE�0ACKINSON
�SPEAKING ALONGSIDE�SCIENTIFIC�EXPERTS� 2NE

LESSON FROM�THAT�EXPERIENCE WAS�THAT�PUBLIC�AWARENESS�OF�CLIMATE�IMPACTS ON�MARINE�ECOSYSTEMS�AND

FISH� WAS� IMPROVED� THROUGH� THE� DIRECT� PARTICIPATION� OF� FISHERS� AND� OTHER� INDUSTRY� VOICES� IN� PUBLIC

OUTREACH�ACTIVITIES��7HIS�WOULD�DIVERSIFY�THE�RANGE�OF�STAKEHOLDER�PERSPECTIVES�VOICES�THAT�ARE�HEARD

BY�THE�PUBLIC�BEYOND�THE�USUAL�SCIENTIFIC�VIEWPOINTS�

&OMMERCIAL� FISH IN� 6COTLAND ARE�NOT AMENABLE TO�xCITIZEN� SCIENCEy� INITIATIVES� THAT� TYPICALLY� INVOLVE

LEISURE�ACTIVITIES�OF�THE�PUBLIC�FOR�EXAMPLE�RECREATION�FISHERS�AND�DIVERS 	6ECTION������
��1EVERTHELESS

THE�FISHING�INDUSTRY�REGULARLY�SAMPLES�THE�FISH COMMUNITY�AND�MARINE�ECOSYSTEM�AND�THIS�SAMPLING�IS

ABOUT� LOCATION� OF� FISH� IN� SPACE� AND� TIME BOTH� RELEVANT� TO� CLIMATE� CHANGE� RESEARCH� AND� LARGELY

UNTAPPED�� 7HE�MOVE� TOWARDS� SELF�SAMPLING� BY� THE� 6COTTISH� FISHING� INDUSTRY� FOR� SCIENTIFIC� PURPOSES

	OFTEN� SPECIFIC� TO� IMPROVING� STOCK� ASSESSMENT� SEE 0ACKINSON� ET� AL�� ����
� SHOULD� CONSIDER

INCORPORATING�FORMS�OF�SELF�SAMPLING�THAT�DELIVER�DIRECTLY�TO�DATABASES�THAT�ARE�ACCESSIBLE�FOR�CLIMATE

CHANGE�RESEARCH��7HIS�WOULD�LARGELY�REQUIRE�IMPROVEMENTS�IN�BOTH�DATA�SHARING�AND�DATA�WAREHOUSING�

� 6CIENTIFIC 2BJECTIVES OF�THE�),6�:ORKSHOP
7HE�),6����PROPOSAL�HAD�FIVE DISTINCT OBJECTIVES 	6ECTION ���
�

 )6=;+:18<��:ORLDWIDE�REVIEW�OF�EMPIRICAL�EVIDENCE�OF�CHANGES�IN�DISTRIBUTION�AND�THEIR�CAUSES

	"!�"�!�� SEE 6ECTION����
�

 )6=;+:18<�� :ORLDWIDE� REVIEW� OF� EMPIRICAL� EVIDENCE� OF� CHANGES� IN� GROWTH� AND� THEIR� CAUSES

	"!�"�!�� SEE 6ECTION����
�

 )6=;+:18<�� 0ETA�ANALYSIS� OF� THE� HISTORICAL� CHANGES� IN� FISH� GROWTH� ACROSS� THE� GLOBE� AND

IDENTIFICATION�OF�PUTATIVE�MECHANISMS�E�G��THE TEMPERATURE�SIZE�RULE�	"!�"�!�� SEE 6ECTION����
�

�16)4�8:72-+<�:-87:<��THE�IMPLICATIONS�FOR�6COTTISH�FISHERIES�WILL�BE�IDENTIFIED�AND�KEY�KNOWLEDGE

GAPS�WILL�BE�IDENTIFIED�TO�INFORM�),6�OF�FUTURE�RESEARCH�NEEDS�	�" #��&��
�

#=*41+��>-6<��TO�SHARE�GLOBAL�AND�LOCAL�PERSPECTIVES�ON�THE�IMPORTANCE�OF�CLIMATE�CHANGE�FOR

DISTRIBUTION�PRODUCTIVITY�AND�MANAGEMENT�OF�COMMERCIAL�FISH�STOCKS 	�" #��&��
�

��� 0ANUSCRIPT�ABOUT�CHANGES�IN�DISTRIBUTION
$N�OUTLINE�OF�THIS�MANUSCRIPT�WAS DEVELOPED AT�THE�WORKSHOP�AND�SUBSEQUENTLY�FORMED�THE�BASIS�OF

AN� ABSTRACT� THAT� WAS� SUBMITTED� TO� AN� INTERNATIONAL� CONFERENCE� TITLED� 6PECIES� ON� THE� 0OVE



��

	HTTP���WWW�SPECIESONTHEMOVE�COM� 
�BEING�HELD� IN�6OUTH�$FRICA� IN�������-ULY������ 	$PPENDIX��
�

3ROF�� *RETTA� 3ECL� A� WORKSHOP� PARTICIPANT� FROM� $USTRALIA� IS� CO�CONVENOR� OF� THE� CONFERENCE�� 7HE

AUTHORSHIP�REFLECTS�PARTICIPANTS�FROM�THE�),6�WORKSHOP��'ISCUSSIONS�DURING�THE�WORKSHOP�IDENTIFIED

THE�6PECIES�ON�THE�0OVE�CONFERENCE�AS�A�REALISTIC�DEADLINE�FOR�HAVING�A�FIRST�DRAFT�OF�THE�MANUSCRIPT

AVAILABLE� FOR� REVIEW� 7HE� AUTHORSHIP� REFLECTS� PARTICIPANTS� FROM� THE� ),6� WORKSHOP� ),6� WILL� BE

ACKNOWLEDGED�DURING�THE�PRESENTATION�AND�IN ANY�RESULTING PUBLICATION� :E�WILL�PUBLISH�IN�AN�OPEN

ACCESS�JOURNAL�SO�AS�TO�ENCOURAGE�DISSEMINATION�OF�THE�INFORMATION�ACROSS�THE�FISHING�INDUSTRY�

��� 0ANUSCRIPT�ABOUT�CHANGES�IN�GROWTH
%ASED�ON� THE�DISCUSSIONS OF�DIFFERENT�GROWTH DATA�AND MODELS� THAT� TOOK�PLACE�AT� THE�WORKSHOP�A

WORKPLAN� FOR� FUTURE� COLLABORATIONS� WAS� DEVELOPED� ALONG� WITH� A� TEAM� OF� WORKSHOP� PARTICIPANTS

INTERESTED�IN�UNDERTAKING�THIS�RESEARCH��$S�A�RESULT�OF�THIS�AGREEMENT�AN�ABSTRACT�WAS�SUBMITTED�TO

THE� ,&(6� $NNUAL� 6CIENCE� &ONFERENCE� 	HTTP���WWW�ICES�DK�NEWS�AND�

EVENTS�ASC�ASC�����3AGES�DEFAULT�ASPX 
� IN� 6WEDEN� FROM ����� 6EPTEMBER� ����� 	$PPENDIX��
�� 7HE

AUTHORSHIP� REFLECTS� PARTICIPANTS� FROM� THE� ),6� WORKSHOP�� ),6� WILL� BE� ACKNOWLEDGED� DURING� THE

PRESENTATION� AND� IN ANY� RESULTING PUBLICATION� :E�WILL� PUBLISH� IN� AN� OPEN� ACCESS� JOURNAL� SO� AS� TO

ENCOURAGE�DISSEMINATION�OF�THE�INFORMATION�ACROSS�THE�FISHING�INDUSTRY�

��� 0ANUSCRIPT�ON�GLOBAL�META�ANALYSIS�OF�FISH�GROWTH
6UBSEQUENT� TO� THE�WORKSHOP� ,&(6�WAS CONTACTED� REGARDING� CREATING� A� NEW� INTERNATIONAL�WORKING

GROUP� DEDICATED� TO� PURSUING� THE� SCIENCE� AGENDA� THAT� THE� ),6� WORKSHOP� IDENTIFIED� AS� CRITICAL� TO

UNDERSTANDING�GLOBAL�IMPACTS�ON�FISH�DYNAMICS��7HE�PROPOSAL�WAS�POSITIVELY�RECEIVED�BY�,&(6�AND�IT

WAS�DETERMINED�THAT�THE�GLOBAL�SCOPE�OF�THE�WORK�WOULD�MAKE�IT�SUITABLE�FOR�A�JOINT�WORKING�GROUP

BETWEEN�,&(6�AND THE 1ORTH�3ACIFIC�0ARINE�6CIENCE�2RGANISATION 	3,&(6
 	HTTPS���MEETINGS�PICES�INT�
�

7HE� WORKING� GROUP� HAS� A� TENTATIVE� TITLE� 	,&(6�3,&(6�:*� ON� CLIMATE� IMPACTS� ON� LIFE� HISTORIES� AND

POPULATION�DYNAMICS
�AND�HAS�BEEN�ALLOCATED�TO�THE�,&(6�6TEERING�*ROUP�ON�(COSYSTEM�3ROCESSES�AND

'YNAMICS� 	CHAIR�� 'R�� 6ILVANA� %IRCHENOUGH
�� ,&(6� WAS� PLEASED� THAT� WE� ALREADY HAVE� GLOBAL

REPRESENTATION�AND�A�HIGH�LEVEL�OF�COMMITMENT�INCLUDING�THE�),6�WORKSHOP�PARTICIPANTS� 2UR�AIM�WILL

BE�TO�CONVENE�A�MEETING�OF�INTERESTED�MEMBERS�AT�THE�,&(6�$NNUAL�6CIENCE�&ONFERENCE�IN�������7HE

CREATION�OF� A�WORKING� GROUP� IS� A� CRITICAL� TO� ACHIEVING� THE� GOALS� GIVEN� FOR�0ANUSCRIPT� �� ),6�WILL� BE

ACKNOWLEDGED�DURING�THE�PRESENTATION�AND�IN�ANY�RESULTING�PUBLICATION��:E�WILL�PUBLISH�IN�AN�OPEN

ACCESS�JOURNAL�SO�AS�TO�ENCOURAGE�DISSEMINATION�OF�THE�INFORMATION�ACROSS�THE�FISHING�INDUSTRY�

��� 3ANOPTO�PRESENTATIONS
$S�DESCRIBED�IN�6ECTION�����THE�MAJORITY�OF�PRESENTATIONS�GIVEN�AT�THE�WORKSHOP�AND�THE�ENTIRETY�OF

THE� PUBLIC� EVENT�WERE� RECORDED�� 7HESE� HAVE� BEEN� CONVERTED� TO�03(*��� VIDEO� FILES� AND� ARCHIVED

OFFLINE��6OME� LIGHT�EDITING�HAS�BEEN�DONE� IN�ORDER� TO�KEEP� JUST� THE�CONTENT�OF� TALKS�AS�WELL�AS�ANY

RELATED� DISCUSSION� BUT� THERE� IS� SCOPE� FOR� IMPROVEMENT� E�G�� INCLUDING� A� ),6� TITLE� PAGE�� ,T� IS

RECOMMENDED�THAT�),6�CONSIDER�MAKING�THESE�FILES�PERMANENTLY�AVAILABLE�ALONGSIDE�THE�FINAL�COPY�OF

THIS�REPORT�ON�THE�),6�WEBSITE�

� $CKNOWLEDGEMENTS
$LL� WORKSHOP� ATTENDEES� AND� REMOTE� PARTICIPANTS� 	IDENTIFIED� IN� 7ABLE� �
� ARE� THANKED� FOR� THEIR

CONTRIBUTIONS�TO�PRESENTATIONS�DISCUSSION�AND�THIS�REPORT� $� $UDZIJONYTE 5��$LLMAN %��%OGSTAD &�

&HAMPION�7��(SSINGTON 0��+ALTUCH $��+AYNIE 7��+ELSER (� +JmRLEIFSSON�-��0ORRONGIELLO�0��3ECK�*�

3ECL�-��3INNEGAR�0��3INSKY &��6TAWITZ %��7OWNHILL�-��7HORSON�AND�3�'��VAN�'ENDEREN�CONTRIBUTED�TEXT



��

TO�THIS�REPORT� *EORGE�5��:EST� IS�THANKED�FOR�HIS�PARTICIPATION� IN�THE�PUBLIC�EVENT� -ENS�5ASMUSSEN

ASSISTED� IN� THE�DEVELOPMENT�OF� RECOMMENDATIONS� FOR� FUTURE� RESEARCH� 7HE�ASSISTANCE�OF�0INDFULLY

:IRED�&OMMUNICATIONS�	+ARRIET�<ATES�AND�*INNY�5USSELL
�IS�GRATEFULLY�ACKNOWLEDGED�
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$LLISON�(�+��3ERRY�$�/��%ADJECK�0�&��$DGER�:�1��%ROWN�.��&ONWAY�'��+ALLS�$�6��3ILLING�*�0�

5EYNOLDS�-�'��$NDREW�1�/��������&LIMATE�CHANGE�AND�FISHERIES��A�COMPARATIVE�ANALYSIS�OF�THE�RELATIVE

VULNERABILITY�OF�����COUNTRIES��)ISH�AND�)ISHERIES�������������

$LLMAN�5�-��)IORAMONTI�&�/��3ATTERSON��,,,�:�)��3ACICCO��$�(���������9ALIDATION�OF�ANNUAL�GROWTH�ZONE

FORMATION�IN�GRAY�TRIGGERFISH�	�'$-. -���+,$-�/-
�DORSAL�SPINES�FIN�RAYS�AND�VERTEBRAE��*ULF�OF�0EXICO

6CIENCE������t���

$SCHE�)��&HEN�<��6MITH�0��'��������(CONOMIC�INCENTIVES�TO�TARGET�SPECIES�AND�FISH�SIZE��PRICES�AND

FINE�SCALE�PRODUCT�ATTRIBUTES�IN�1ORWEGIAN�FISHERIES� ,&(6�-OURNAL�OF�0ARINE�6CIENCE���	�
����t����

$SCHE�)��+ANNESON�5��������$LLOCATION�OF�FISH�BETWEEN�MARKETS�AND�PRODUCT�FORMS� 0ARINE�5ESOURCE

(CONOMICS���	�
����t����

$TKINSON� '�� ������ 7EMPERATURE� AND� ORGANISM� SIZE�� A� BIOLOGICAL� LAW� FOR� ECTOTHERMS"� $DVANCES� IN

ECOLOGICAL�RESEARCH������t���

$UDZIJONYTE�$��(��)ULTON�0��+ADDON�)��+ELIDONIOTIS�$� -��+OBDAY�$��.UPARINEN�-��0ORRONGIELLO�$�

'��0�� 6MITH� -��8PSTON� AND� 5�� 6��:APLES�� ������ 7RENDS� AND�MANAGEMENT� IMPLICATIONS� OF� HUMAN�

INFLUENCED�LIFE�HISTORY�CHANGES�IN�MARINE�ECTOTHERMS��)ISH�)ISH 	������������

$UDZIJONYTE�$��$��.UPARINEN�5��*ORTON�AND�(��$��)ULTON��������(COLOGICAL�CONSEQUENCES�OF�BODY�SIZE

DECLINE� IN� HARVESTED� FISH� SPECIES�� POSITIVE� FEEDBACK� LOOPS� IN� TROPHIC� INTERACTIONS� AMPLIFY� HUMAN

IMPACT��%IOL��/ETT ��

%AKER�-R�0�6� AND :ILSON�&�$��������8SE�OF�BOMB�RADIOCARBON�TO�VALIDATE OTOLITH�SECTION�AGES�OF�RED

SNAPPER �/.%�)/-���(+ �#�)/- FROM�THE�NORTHERN�*ULF�OF�0EXICO��/IMNOLOGY�AND�2CEANOGRAPHY����

����t�����

%ANNON�6� ������&ITIZEN�6CIENCE� IN� A�0ARINE�&LIMATE�&HANGE�+OTSPOT��$� CASE� STUDY�ON�5EDMAP� IN

EASTERN�7ASMANIA�+ONOURS�7HESIS�8NIVERSITY�OF�7ASMANIA�

%ARANGE�0��%AHRI�7��%EVERIDGE�0�&�0��&OCHRANE�.�/��)UNGE�6MITH�6� AND 3OULAIN )��EDS�������

,MPACTS�OF CLIMATE�CHANGE�ON�FISHERIES�AND�AQUACULTURE��SYNTHESIS�OF�CURRENT�KNOWLEDGE�ADAPTATION

AND�MITIGATION�OPTIONS���)$2�)ISHERIES�AND�$QUACULTURE�7ECHNICAL�3APER�1O�������5OME�)$2������PP�

%ARNETT�%�.��7HORNTON�/��$LLMAN�5��&HANTON� -�3� 3ATTERSON� ,,,�:�)��������/INEAR�DECLINE� IN� RED

SNAPPER� 	�/.%�)/-� ��(+ �#�)/-
� OTOLITH� p��&� EXTENDS� THE� UTILITY� OF� THE� BOMB� RADIOCARBON

CHRONOMETER�FOR�FISH�AGE�VALIDATION�IN�THE�1ORTHERN�*ULF�OF�0EXICO��,&(6�-OURNAL�OF�0ARINE�6CIENCE

��	�
�����t����

%ATES�$�(��3ECL�*�7��)RUSHER�6��ET�AL��������'EFINING�AND�OBSERVING�STAGES�OF�CLIMATE�MEDIATED�RANGE

SHIFTS�IN�MARINE�SYSTEMS��*LOBAL�(NVIRONMENTAL�&HANGE����������

%AUDRON�$�5��1EEDLE�&�/��5IJNSDORP�$��0ARSHALL�&�7��������:ARMING� TEMPERATURES�AND�SMALLER

BODY�SIZES��SYNCHRONOUS�CHANGES�IN�GROWTH�OF�1ORTH�6EA�FISHES��*LOBAL�&HANGE�%IOLOGY���������������

%AUDRON�$�5��)ERNANDES�3�*��������$DVERSE�CONSEQUENCES�OF�STOCK�RECOVERY��(UROPEAN�HAKE�A�NEW

xCHOKEy�SPECIES�UNDER�A�DISCARD�BAN"�)ISH�AND�)ISHERIES��������t����



��

%EAMISH� 5�-�� )OURNIER� '�$�� ������ $� METHOD� FOR� COMPARING� THE� PRECISION� OF� A� SET� OF� AGE

DETERMINATIONS��&ANADIAN�-OURNAL�OF�)ISHERIES�AND�$QUATIC�6CIENCES��������t����

%ELKIN�,�0��������5APID�WARMING�OF�/ARGE�0ARINE�(COSYSTEMS��3ROGRESS�IN�2CEANOGRAPHY��������t����

%ENNET� 1�-�� 'EARDEN� 3��0URRAY� *�� .ADFAK� $�� ������ 7HE� CAPACITY� TO� ADAPT"� &OMMUNITIES� IN� A

CHANGING�CLIMATE�ENVIRONMENT�AND�ECONOMY�ON�THE�NORTHERN�$NDAMAN�COAST�OF�7HAILAND��(COLOGY

AND�6OCIETY���	�
���

%ERAUD�&��VAN�DER�0OLEN�-��$RMSTRONG�0��+UNTER (��)ONSECA�/��+YDER�.������� 7HE�INFLUENCE�OF

OCEANOGRAPHIC� CONDITIONS� AND� LARVAL� BEHAVIOUR� ON� SETTLEMENT� SUCCESSuTHE� (UROPEAN� SEA� BASS

�$� ).,�,�#/-�'��,�2 	/�
��,&(6�-OURNAL�OF�0ARINE�6CIENCE��������t����

%IAGINI� %� %IERBAUM�5�� 6TULTS�0��'OBARDZIC� 6��0C1EELEY� 6�0��������$� TYPOLOGY�OF�ADAPTATION

ACTIONS��$�GLOBAL�LOOK�AT�CLIMATE�ADAPTATION�ACTIONS�FINANCED�THROUGH�THE�*LOBAL�(NVIRONMENT�)ACILITY�

*LOBAL�(NVIRONMENTAL�&HANGE �����������

%LASIAK�5��6PIJKERS� -��7OKUNAGA�.��3ITTMAN� -��<AGI�1��cSTERBLOM�+��������&LIMATE�CHANGE�AND

MARINE�FISHERIES��LEAST�DEVELOPED�COUNTRIES�TOP�GLOBAL�INDEX�OF�VULNERABILITY� 3/O6�21( ����E��������

%OYD�5��5OY�6��6IBLY�5��7HORPE�5��+YDER�.��������$�GENERAL�APPROACH TO�INCORPORATING�SPATIAL�AND

TEMPORAL� VARIATION� IN� INDIVIDUAL�BASED� MODELS� OF� FISH� POPULATIONS� WITH� APPLICATION� TO� $TLANTIC

MACKEREL��(COLOGICAL�0ODELLING�������t���

%ROWN�&�-��2�&ONNOR�0�,��3OLOCZANSKA�(�6��ET�AL��������(COLOGICAL�AND�METHODOLOGICAL�DRIVERS�OF

SPECIESw� DISTRIBUTION�AND�PHENOLOGY� RESPONSES� TO�CLIMATE� CHANGE� �'*��'� �#�)" ��$*'*"3���������

�����

%URROWS�0�7��6CHOEMAN�'�6��%UCKLEY�/�%��0OORE�3��3OLOCZANSKA�(�6��%RANDER�.�0��%ROWN�&�

%RUNO�-�)��'UARTE�&�0��+ALPERN�%�6��AND�+OLDING�-��������7HE�PACE�OF�SHIFTING�CLIMATE�IN�MARINE�AND

TERRESTRIAL�ECOSYSTEMS� 6CIENCE����	����
����������

&ARPENTER�*��.LEINJANS�5��9ILLASANTE�6��2w/EARY�%�&��������/ANDING�THE�BLAME��7HE�INFLUENCE�OF�(8

0EMBER�6TATES�ON�QUOTA�SETTING��0ARINE�3OLICY������t���

&HAMPION�&��+OBDAY�$�-�� 7RACEY� 6�5�� ET� AL�� ����A�5APID� SHIFTS� IN�DISTRIBUTION�AND�HIGH�LATITUDE

PERSISTENCE� OF� OCEANOGRAPHIC� HABITAT� REVEALED� USING� CITIZEN� SCIENCE� DATA� FROM� A� CLIMATE� CHANGE

HOTSPOT��*LOBAL�CHANGE�BIOLOGY ��	��
����������

&HAMPION�&��+OBDAY�$�-��=HANG�;��ET�AL������B��&HANGING�WINDOWS�OF�OPPORTUNITY��3AST�AND�FUTURE

CLIMATE�DRIVEN�SHIFTS�IN�TEMPORAL�PERSISTENCE�OF�KINGFISH�	� ,$*'��'�'�)�$
�OCEANOGRAPHIC�HABITAT�WITHIN

SOUTH�EASTERN�$USTRALIAN�BIOREGIONS��0ARINE�AND�)RESHWATER�5ESEARCH���	�
�������

&HEN�<��$��+AYNIE�$�&��,N�PREP��$N�EMPIRICAL�EXAMINATION�OF�SIZE�TARGETING�IN�THE�%ERING�6EA�POLLOCK

CATCHER�PROCESSOR�FISHERY�

&HEUNG�:�:�/��'UNNE�-��6ARMIENTO�-�/��3AULY�'�������� ,NTEGRATING�ECOPHYSIOLOGY�AND�PLANKTON

DYNAMICS� INTO�PROJECTED�MAXIMUM�FISHERIES�CATCH�POTENTIAL�UNDER�CLIMATE�CHANGE� IN�THE�1ORTHEAST

$TLANTIC��,&(6�-OURNAL�OF�0ARINE�6CIENCE���	�
�����������

&HEUNG�:��:��/��ET�AL��������6HRINKING�OF� FISHES�EXACERBATES� IMPACTS�OF�GLOBAL�OCEAN�CHANGES�ON

MARINE�ECOSYSTEMS��1ATURE�&LIMATE�&HANGE������t����



��

&HEUNG�:�:�� 6ARMIENTO� -�/��'UNNE� -�� )RmLICHER� 7�/�� /AM�9�:�� 3ALOMARES�0�'��:ATSON� 5�

3AULY� '�� ����A�� 6HRINKING� OF� FISHES� EXACERBATES� IMPACTS� OF� GLOBAL� OCEAN CHANGES� ON� MARINE

ECOSYSTEMS��1ATURE�&LIMATE�&HANGE��	�
���������

&HEUNG�:�:�/��3AULY�'��6ARMIENTO�-������B��+OW�TO�MAKE�PROGRESS�IN�PROJECTING�CLIMATE�CHANGE

IMPACTS��,&(6�-OURNAL�OF�0ARINE�6CIENCE���	�
�����������

&LARKE�$��������&OSTS�AND�CONSEQUENCES�OF�EVOLUTIONARY�TEMPERATURE�ADAPTATION��7RENDS�IN�(COLOGY

��(VOLUTION�������t����

&OLBURN�/�/��-EPSON�0��:ENG�&��6EARA�7��:EISS�-��+ARE�-��$��������,NDICATORS�OF�CLIMATE�CHANGE

AND�SOCIAL�VULNERABILITY� IN�FISHING�DEPENDENT�COMMUNITIES�ALONG�THE�(ASTERN�AND�*ULF�COASTS�OF�THE

8NITED�6TATES��0ARINE�3OLICY�������t���

&OOK� 0�� )ITZHUGH� *�5�� )RANKS� -�6�� ������ 9ALIDATION� OF� YELLOWEDGE� GROUPER �+$) +# '/-

!'�0*'$(��./-�AGE�USING�NUCLEAR�BOMB�PRODUCED�RADIOCARBON��(NVIRONMENTAL�%IOLOGY�OF�)ISHES����

���t����

&REIGHTON &�� +OBDAY $�-�� /OCKWOOD 0�� 3ECL� *�7� ������ $DAPTING� MANAGEMENT� OF� MARINE

ENVIRONMENTS�TO�A�CHANGING�CLIMATE t A�CHECKLIST�FOR�TO�GUIDE�REFORM�AND�ASSESS�PROGRESS��(COSYSTEMS�

��	�
���������

&UCCO�$��6INERCHIA�0��/EFRANgOIS�&��0AGNI�3��*HEZZO�0��8MGIESSER�*��3ERILLI�$��'OMENICI�3�

������ $� METABOLIC� SCOPE� BASED� MODEL� OF� FISH� RESPONSE� TO ENVIRONMENTAL� CHANGES�� (COLOGICAL

0ODELLING��������������

'ANKEL� '�� +ARALDSSON� *�� +ELDBO� -�� +OYDAL� .�� /ASSEN� +�� 6IEGSTAD� +�� 6CHOU�0�  .� �'� �����

$LLOCATION�OF�)ISHING�5IGHTS�IN�THE�1($��&OPENHAGEN�����PP�

'ANNEVIG� +�� +OVELSRUD�*�.�� ����� 8NDERSTANDING� THE� NEED� FOR� ADAPTATION� IN� A� NATURAL� RESOURCE

DEPENDENT�COMMUNITY�IN�1ORTHERN�1ORWAY��ISSUE�SALIENCE�KNOWLEDGE�AND�VALUES��&LIMATIC�&HANGE�

�������������

'AUFRESNE�0��/ENGFELLNER�.��6OMMER�8��������*LOBAL�WARMING�BENEFITS�THE�SMALL��3ROC��1ATL��$CAD�

6CI��8��6��$�����������t���

'AY�3�%��6TUART�6MITH�5�'��(DGAR�*�-��%ATES�$�(��������6PECIESw�THERMAL�RANGES�PREDICT�CHANGES�IN

REEF� FISH� COMMUNITY� STRUCTURE� DURING� �� YEARS� OF� EXTREME� TEMPERATURE� VARIATION�� 'IVERSITY� AND

'ISTRIBUTIONS �����������t�����

'E$NGELIS�'�/��*RIMM�9��������,NDIVIDUAL�BASED�MODELS�IN�ECOLOGY�AFTER�FOUR�DECADES��)����PRIME

REPORTS�������

'EFRA� ������ (CONOMICS� OF� &LIMATE� 5ESILIENCE� )INAL� 5EPORT�� 2NLINE�� $VAILABLE� FROM�

HTTP���RANDD�DEFRA�GOV�UK�'EFAULT�ASPX"0ODULE 0ORE�/OCATION 1ONE�3ROJECT,' �����

'ING�4��&HEN�;��+ILBORN�5��&HEN��<��������9ULNERABILITY�TO�IMPACTS�OF�CLIMATE�CHANGE�ON�MARINE

FISHERIES�AND�FOOD�SECURITY��0ARINE�3OLICY�����������

'ULVY�1�.��5OGERS�6�,��-ENNINGS�6��6TELZENMoLLER�9� 'YE�6�5��6KJOLDAL�+�5��������&LIMATE�CHANGE

AND�DEEPENING�OF�THE�1ORTH�6EA�FISH�ASSEMBLAGE��A�BIOTIC�INDICATOR�OF�WARMING�SEAS��-OURNAL�OF�$PPLIED

(COLOGY���������������



��

(&��������&OUNCIL�5EGULATION�	(8
���������OF����-ANUARY������FIXING�FOR������THE�FISHING�OPPORTUNITIES

FOR� CERTAIN� FISH� STOCKS� AND�GROUPS�OF� FISH� STOCKS�APPLICABLE� IN�8NION�WATERS� AND� FOR�8NION� FISHING

VESSELS�IN�CERTAIN�NON�8NION�WATERS�AND�AMENDING�5EGULATION�

(LITH�-��/EATHWICK�-�5�������6PECIES�DISTRIBUTION�MODELS��(COLOGICAL EXPLANATION�AND�PREDICTION�ACROSS

SPACE�AND�TIME� �))/�'�, 0$ 1�*!� �*'*"3�� 0*'/.$*)���)��-3-. (�.$�-� �����������

(NGELHARD�*�+��3INNEGAR�-�.��.ELL�/�7��5IJNSDORP�$�'��������1INE�DECADES�OF�1ORTH�6EA�SOLE�AND

PLAICE�DISTRIBUTION��,&(6�-OURNAL�OF 0ARINE�6CIENCE��������t�����

(NGELHARD� *�+�� 5IGHTON� '�� 3INNEGAR� -�.�� ������ &LIMATE� CHANGE� AND� FISHING�� A� CENTURY� OF� SHIFTING

DISTRIBUTION�IN�1ORTH�6EA�COD��*LOBAL�&HANGE�%IOLOGY��������������

)ERNANDES�-�$��&HEUNG�:�:��-ENNINGS�6��%UTENSCHmN�0��DE�0ORA�/��)RmLICHER�7�/��%ARANGE�0�

*RANT�$��������0ODELLING�THE�EFFECTS�OF�CLIMATE�CHANGE�ON�THE�DISTRIBUTION�AND�PRODUCTION�OF�MARINE

FISHES��ACCOUNTING� FOR� TROPHIC� INTERACTIONS� IN�A�DYNAMIC�BIOCLIMATE�ENVELOPE�MODEL��*LOBAL�&HANGE

%IOLOGY���	�
������������

)INCHAM -�,��5IJNSDORP�$�'��(NGELHARD�*�+��������6HIFTS�IN�THE�TIMING�OF�SPAWNING�IN�SOLE�LINKED�TO

WARMING�SEA�TEMPERATURES��-��6EA�5ES�����������

)ISCHER�$�-��%AKER�0�6��-R��:ILSON�&�$��1IELAND�'�/��������$GE�GROWTH�MORTALITY AND�RADIOMETRIC

AGE�VALIDATION�OF�GRAY�SNAPPER�	�/.%�)/-�",$- /-
�FROM�/OUISIANA��)ISHERY�%ULLETIN���������t���

)ORSTER�-��+IRST�$�*��$TKINSON�'��������+OW�DO�ORGANISMS�CHANGE�SIZE�WITH�CHANGING�TEMPERATURE"

7HE�IMPORTANCE�OF�REPRODUCTIVE�METHOD�AND ONTOGENETIC�TIMING���)UNCT��(COL���������t�����

)ORSTER� -�� +IRST� $�*�� ������ 7HE� TEMPERATURE�SIZE� RULE� EMERGES� FROM� ONTOGENETIC� DIFFERENCES

BETWEEN�GROWTH�AND�DEVELOPMENT�RATES�)UNCT��(COL��������t����

)ORSTER� -�� +IRST� $�*�� $TKINSON�'�� ������:ARMING�INDUCED� REDUCTIONS� IN� BODY� SIZE� ARE� GREATER� IN

AQUATIC�THAN�TERRESTRIAL�SPECIES��31$6�����������/3�������

)RAINER�$��5��ET�AL��������&LIMATE�DRIVEN�CHANGES� IN� FUNCTIONAL�BIOGEOGRAPHY�OF�$RCTIC�MARINE� FISH

COMMUNITIES��31$6�����������/3�������

)REE &�0�� 7HORSON� -�7�� 3INSKY�0�/�� 2KEN� .�/��:IEDENMANN� -�� -ENSEN�2�3�� ������ ,MPACTS� OF

HISTORICAL�WARMING�ON�MARINE�FISHERIES�PRODUCTION��6CIENCE��������������

*ARCIA�5�$��$RAUJO�0�%��%URGESS�1�'��)ODEN�:�%��*UTSCHE�$��5AHBEK�&��&ABEZA�0������ 0ATCHING

SPECIES�TRAITS�TO�PROJECTED�THREATS�AND�OPPORTUNITIES�FROM�CLIMATE�CHANGE��-OURNAL�OF�%IOGEOGRAPHY�

�����������

*ARRETT�$��%UCKLEY�3��%ROWN�6��������8NDERSTANDING�AND�RESPONDING�TO�CLIMATE�CHANGE�IN�THE�8.

SEAFOOD� INDUSTRY�� CLIMATE� CHANGE� RISK� ADAPTATION� FOR�WILD� CAPTURE� SEAFOOD�� $� JOINT� 6EAFISH�0&&,3

REPORT� HTTPS���WWW�SEAFISH�ORG�MEDIA���������CLIMATE@CHANGE@REPORT@�@LR�PDF

*REGG� 5�0�� 6CORE� $�� 3IETRI� '�� +ANSEN� /�� ������ 7HE� STATE� OF� CLIMATE� ADAPTATION� IN� 8�6��MARINE

FISHERIES�MANAGEMENT��(CO$DAPT�%AINBRIDGE�,SLAND�:$�

+ANNESSON� 5�� ����A�� =ONAL� ATTACHMENT� OF� FISH� STOCKS� AND� MANAGEMENT� COOPERATION�� )ISHERIES

5ESEARCH���������t����



��

+ANNESSON�5������B��6HARING�THE�1ORTHEAST�$TLANTIC�MACKEREL�� ,&(6�-OURNAL�OF�0ARINE�6CIENCE����

���t����

+ARE� -�$�� 0ORRISON� :�(�� 1ELSON� 0�:�  .� �'� ������ $� 9ULNERABILITY� $SSESSMENT� OF� )ISH� AND

,NVERTEBRATES�TO�&LIMATE�&HANGE�ON�THE�1ORTHEAST�8�6��&ONTINENTAL�6HELF��3/O6�2NE� ���E��������

+AYNIE�$�&��3FEIFFER�/��������:HY�ECONOMICS�MATTERS�FOR�UNDERSTANDING�THE�EFFECTS�OF�CLIMATE�CHANGE

ON�FISHERIES��,&(6�-OURNAL�OF�0ARINE�6CIENCE�����������t�����

+ELSER� 7�(�� /AI� +�� %LACK� %�$�� ������ %AYESIAN� HIERARCHICAL� MODELING� OF� 3ACIFIC� GEODUCK� GROWTH

INCREMENT�DATA�AND�CLIMATE�INDICES��(COLOGICAL�0ODELLING��������������

+ENRIKSEN�7��+OEL $��+��������'ETERMINING�$LLOCATION��)ROM�3APER�TO�3RACTICE�IN�THE�'ISTRIBUTION�OF

)ISHING�5IGHTS�%ETWEEN�&OUNTRIES�'ETERMINING�$LLOCATION��2CEAN�'EVELOPMENT�AND�,NTERNATIONAL�/AW

������t���

+ERMANN�$��-��*IBSON *�$��&HENG�:��2RTIZ�,��$YDIN�.��:ANG�0��+OLLOWED�$�%��AND�+OLSMAN

.��.�� IN�PRESS��3ROJECTED�BIOPHYSICAL� CONDITIONS�OF� THE�%ERING� 6EA� TO������UNDER�MULTIPLE�EMISSION

SCENARIOS��,&(6��-��0AR��6CI�

+IRST�'��������5EFORMING�THE�&OMMON�)ISHERIES�3OLICY�	&)3
����������&%3��������/ONDON�����PP�

+OBDAY�$�-��3ECL�*�7��������2CEAN�WARMING�HOTSPOTS�PROVIDE�EARLY�WARNING�LABORATORIES�FOR�CLIMATE

CHANGE�IMPACTS��5EV��)ISH�%IOL��)ISH��������t����

+OBDAY�$�-��6PILLMAN�&�0��3AIGE�(VESON�-��ET�AL�������6EASONAL�FORECASTING�FOR�DECISION�SUPPORT�IN

MARINE�FISHERIES�AND�AQUACULTURE��)ISHERIES�2CEANOGRAPHY����������

+OEGH�*ULDBERG� 2�� %RUNO� -�)�� ������ 7HE� ,MPACT� OF� CLIMATE� CHANGE� ON� THE� WORLDwS� MARINE

ECOSYSTEMS��6CIENCE����������������

+OLDEN�0��*ARROD�'��������7HE�&OMMON�)ISHERIES�3OLICY��ORIGIN�EVALUATION�AND�FUTURE��)ISHING�1EWS

%OOKS�/TD��2XFORD�8.�

+OLSMAN�.�.��+AZEN (�/��+AYNIE�$��*OURGUET�6��+OLLOWED�$��%OGRAD�6��6AMHOURI�-�)��$YDIN�.�

IN�PRESS��7OWARD�CLIMATE�RESILIENCY�IN�FISHERIES�MANAGEMENT��,&(6��-��0AR��6CI�

+ORNE�&�5��+IRST�$�*��$TKINSON�'�������7EMPERATURE�SIZE�RESPONSES�MATCH�LATITUDINAL�SIZE�CLINES�IN

ARTHROPODS�REVEALING�CRITICAL�DIFFERENCES�BETWEEN�AQUATIC�AND�TERRESTRIAL�SPECIES��(COLOGY�/ETTERS����

���t����

,ANELLI�-��6OTWICKI�6��+ONKALEHTO�7��0&&ARTHY�$��6TEINESSEN�6��+OLSMAN�.��6IDDON�(��)ISSEL��%�

�������$SSESSMENT�OF�THE�WALLEYE�POLLOCK�STOCK�IN�THE�EASTERN�%ERING�6EA���,N�6TOCK�ASSESSMENT�AND

FISHERY� EVALUATION� REPORT� FOR� THE� GROUNDFISH� RESOURCES�OF� THE�%ERING� 6EA�$LEUTIAN� ,SLANDS� REGIONS��

1ORTH�3ACIFIC�)ISHERY�0ANAGEMENT�&OUNCIL�����:���TH�$VE�SUITE�������$NCHORAGE�$.������

,&(6�� ������ 5EPORT� OF� THE� :ORKING� *ROUP� ON� )ISH� 'ISTRIBUTION� 6HIFTS� 	:.),6+',6+
�� ,&(6� &0

�����$&20��������PP�

-ANSEN�7��3OST�6��.RISTIANSEN�7��bSKARSSON�*�-��%OJE�-��0AC.ENZIE�%�5��%ROBERG�0��6IEGSTAD�+�

������2CEAN�WARMING�EXPANDS�HABITAT�OF�A�RICH�NATURAL�RESOURCE�AND�BENEFITS�A�NATIONAL�ECONOMY�

(COLOGICAL�$PPLICATIONS���������t�����



��

-ENNINGS 6��3ASCOE 6��+ALL�$SPLAND 6�/E %OUHELLIAC %�1ORMAN�/OPEZ $�6ULLIVAN $�3ECL *� �����

6ETTING�OBJECTIVES�FOR�EVALUATING�MANAGEMENT�ADAPTATION�ACTIONS�TO�ADDRESS�CLIMATE�CHANGE�IMPACTS

IN�SOUTH�EASTERN�$USTRALIAN�FISHERIES��)ISHERIES�2CEANOGRAPHY�����	6UPPL���
����t���

-ENSEN�)��)ROST�+��7HnGERSEN�7��$NDERSEN�3��$NDERSEN�-�/��������*AME�THEORY�AND�FISH�WARS��7HE

CASE�OF�THE�1ORTHEAST�$TLANTIC�MACKEREL�FISHERY��)ISHERIES�5ESEARCH�������t���

-UANES�)��*EPHARD�6��%ELAND�.�)������� /ONG�TERM�CHANGES� IN�MIGRATION�TIMING OF�ADULT�$TLANTIC

SALMON�	��'(* -�'�,
�AT�THE�SOUTHERN�EDGE�OF�THE�SPECIES�DISTRIBUTION� &AN� -� )ISH� $QUATIC 6CI� ���

����������

.ERBY�7�.��&HEUNG�:�:�/��9AN�2OSTERHOUT�&��(NGELHARD�*�+��	����
��(NTERING�UNCHARTED�WATERS�

/ONG�TERM�DYNAMICS�OF�TWO DATA�LIMITED�FISH�SPECIES�TURBOT�AND�BRILL�IN�THE�1ORTH�6EA��-OURNAL�OF�6EA

5ESEARCH������������

.JESBU�2�6��5IGHTON�'��.RoGER�-OHNSEN�0��7HORSEN�$��0ICHALSEN�.��)ONN�0��:ITTHAMES�3�5�

������7HERMAL�DYNAMICS�OF�OVARIAN�MATURATION�IN�$TLANTIC�COD�	���/-�(*,#/�
��&AN��-��)ISH��$QUAT��6CI�

��	�
����������

.OOIJMAN 6�� ������ 'YNAMIC� (NERGY� %UDGET� 7HEORY� FOR� 0ETABOLIC� 2RGANISATION�� &AMBRIDGE� 8.�

&AMBRIDGE�8NIV��3RESS

.RISTIANSEN�7��6TOCK�&��'RINKWATER�.�)��&URCHITSER�(�1��������0ECHANISTIC�INSIGHTS�INTO�THE�EFFECTS

OF�CLIMATE�CHANGE�ON�LARVAL�COD��*LOBAL�&HANGE�%IOLOGY���������������

/AST�3�5��:HITE�:�7��*LEDHILL�'�&��+OBDAY�$�-��%ROWN�5��(DGAR�*�-��3ECL�*�������� �/ONG�TERM

SHIFTS� IN� ABUNDANCE�AND�DISTRIBUTION�OF� A� TEMPERATE� FISH� FAUNA�� A� RESPONSE� TO�CLIMATE� CHANGE�AND

FISHING�PRACTICES��*LOBAL�(COL��%IOGEOGR��������t���

/AW�5��������)ISHING�SELECTION�AND�PHENOTYPIC�EVOLUTION��,CES�-OURNAL�OF�0ARINE�6CIENCE ����������

/ENOIR�6��%EAUGRAND�*��/ECUYER�`��������0ODELLED�SPATIAL�DISTRIBUTION�OF�MARINE�FISH�AND�PROJECTED

MODIFICATIONS�IN�THE 1ORTH�$TLANTIC�2CEAN��*LOBAL�&HANGE�%IOLOGY�������������

/ING�6��������5ANGE�EXPANSION�OF�A�HABITAT�MODIFYING�SPECIES�LEADS�TO�LOSS�OF�TAXONOMIC�DIVERSITY��$

NEW�AND�IMPOVERISHED�REEF�STATE��2ECOLOGIA�������������

/ING�6�'�� -OHNSON�&�5�� �)RUSHER�6�'��5IDGWAY�.�5������A��2VERFISHING�REDUCES�RESILIENCE�OF�KELP

BEDS� TO� CLIMATE�DRIVEN� CATASTROPHIC� PHASE� SHIFT�� 31$6� ����� ������������

HTTPS���DOI�ORG���������PNAS�����������

/ING�6��-OHNSON�&��5IDGWAY�.��ET�AL������B��&LIMATE�DRIVEN�RANGE�EXTENSION OF�A�SEA�URCHIN��,NFERRING

FUTURE�TRENDS�BY�ANALYSIS�OF�RECENT�POPULATION�DYNAMICS��*LOBAL�&HANGE�%IOLOGY������������

/OMBARDI� /�$�� $NDREWS� $�+�� ������ $GE� ESTIMATION� AND� LEAD�RADIUM� DATING� OF� GOLDEN� TILEFISH

�*+#*'�.$'/-��#�(� ' *).$� +-��(NVIRONMENTAL�%IOLOGY�OF�)ISHES���������t�����

0AC&ALL�$�'�������'YNAMIC�GEOGRAPHY�OF�MARINE�FISH�POPULATIONS��:ASHINGTON�6EA�*RANT�3ROGRAMME

8NIVERSITY�OF�:ASHINGTON�3RESS�����PP�

0ACKINSON�6��0ARTIN�*ONZALEZ�*��%ALESTRI�(��&OULL�.��&LARKE�(��0ARSHALL &�7� ����� )EASIBILITY

STUDY�INTO�A�SCIENTIFIC�SELF�SAMPLING�PROGRAMME�FOR�THE�PELAGIC�SECTOR��)ISHERIES�,NNOVATION�6COTLAND

PROJECT�),6����REPORT������PAGES�



��

0ALTBY�.��������3ROJECTIONS�AND�PERCEPTIONS��USING�AN�INTERDISCIPLINARY�APPROACH�TO�EXPLORE�CLIMATE

CHANGE�IMPACTS�ON�SOUTH�WEST�8.�FISHERIES��$�3H'�SUBMITTED�TO�THE�8NIVERSITY�OF�(XETER������P�

0ARRAS�6��&UCCO�$��$NTOGNARELLI�)��$ZZURRO�(��0ILAZZO�0��%ARICHE�0��%UTENSCHmN�0��.AY�6��'I

%ITETTO� 0�� 4UATTROCCHI� *�� 6INERCHIA� 0�� 'OMENICI� 3�� ������ 3REDICTING� FUTURE� THERMAL� HABITAT

SUITABILITY� OF� COMPETING� NATIVE� AND� INVASIVE� FISH� SPECIES�� FROM�METABOLIC� SCOPE� TO� OCEANOGRAPHIC

MODELLING�&ONSERVATION�3HYSIOLOGY��	�
��COU����

0ARZLOFF�0��3��0ELBOURNE�7HOMAS�-��+AMON�.��*��+OSHINO�(��-ENNINGS�6��VAN�3UTTEN�,��(��3ECL

*��7��������0ODELLING�MARINE�COMMUNITY�RESPONSES�TO�CLIMATE�DRIVEN�SPECIES�REDISTRIBUTION�TO�GUIDE

MONITORING�AND�ADAPTIVE�ECOSYSTEM�BASED�MANAGEMENT��*LOB�&HANGE�%IOL��DOI���������GCB������

0ATTA�0�(��+ELSER�7�(��%LACK�%�$��������,NTRINSIC�AND�ENVIRONMENTAL�DRIVERS�OF�GROWTH�IN�AN�$LASKAN

ROCKFISH��AN�OTOLITH�BIOCHRONOLOGY�APPROACH��(NVIRONMENTAL�%IOLOGY�OF�)ISHES�������������t����

0C4UEEN� .�� 0ARSHALL� &�7�� ������ 6HIFTS� IN� SPAWNING� PHENOLOGY� OF� COD� LINKED� TO� RISING� SEA

TEMPERATURES��,&(6�-��0AR��6CI����������t�����

0ILLER�7�-��2w%RIEN�/��)RATANTONI�3�6��������7EMPORAL�AND�ENVIRONMENTAL�VARIATION� IN�GROWTH�AND

MATURITY�AND�EFFECTS�ON�MANAGEMENT�REFERENCE�POINTS�OF�*EORGES�%ANK�$TLANTIC�COD��&ANADIAN -OURNAL

OF�)ISHERIES�AND�$QUATIC�6CIENCES��������	��
�����������

0OLINOS� -�*��+ALPERN�%��6��6CHOEMAN�'�6��%ROWN�&�-��.IESSLING�:��0OORE�3�-��3ANDOL}� -�0�

3OLOCZANSKA� (�6�� 5ICHARDSON� $�-�� %URROWS� 0�7�� ����� &LIMATE� VELOCITY� AND� THE� FUTURE� GLOBAL

REDISTRIBUTION�OF�MARINE�BIODIVERSITY�1ATURE�&LIMATE�&HANGE������t���

0mLTER� 7�� 6CHINDLER� '�� $LBRECHT� $�7�� .OHNLE� 8�� ������ 5EVIEW� ON� THE� 3ROJECTIONS� OF� )UTURE

6TORMINESS�OVER�THE�1ORTH�$TLANTIC�(UROPEAN�5EGION��$TMOSPHERE�������

0ORRISON�3AUL�&��-���DE�7ORRES�0��2��)ELTHOVEN�5��*��������)ISHING�REVENUE�PRODUCTIVITY�AND�PRODUCT

CHOICE�IN�THE�$LASKAN�POLLOCK�FISHERY� (NVIRONMENTAL�AND�5ESOURCE�(CONOMICS���	�
����t����

0ORLEY�-�:��%ATT�5�'��AND�3INSKY�0�/��������0ARINE�ASSEMBLAGES�RESPOND�RAPIDLY�TO�WINTER�CLIMATE

VARIABILITY��*LOBAL�CHANGE�BIOLOGY���	�
�����������

0ORLEY� -�:��6ELDEN�5�/��/ATOUR�5�-��)RmLICHER�7�/��6EAGRAVES�5�-��3INSKY�0�/��������3ROJECTING

SHIFTS� IN� THERMAL�HABITAT� FOR�����SPECIES�ON�THE�1ORTH�$MERICAN�CONTINENTAL�SHELF��3LO6�ONE���	�
�

E��������

0ORRONGIELLO� -�� 5�� 3�� 6WEETMAN� AND� 5�� (�� 7HRESHER�� ACCEPTED�� )ISHING� CONSTRAINS� PHENOTYPIC

RESPONSES�OF�MARINE�FISH�TO�CLIMATE�VARIABILITY��-OURNAL�OF�$NIMAL�(COLOGY�

0ORRONGIELLO�-��5��AND�5��(��7HRESHER��������$�STATISTICAL�FRAMEWORK�TO�EXPLORE�ONTOGENETIC�GROWTH

VARIATION�AMONG�INDIVIDUALS�AND�POPULATIONS��A�MARINE�FISH�EXAMPLE��(COLOGICAL�0ONOGRAPHS �����

����

0ORRONGIELLO�-��5��5��(��7HRESHER�AND�'��&��6MITH��������$QUATIC�BIOCHRONOLOGIES�AND�CLIMATE�CHANGE�

1AT��&LIM��&HANGE 
���������

0ULLOWNEY�'��0AILLET�*��'AWE�(��5OSE�*��5OWE�6��������6PAWNING�DELAYS�OF�NORTHERN�CAPELIN

	��''*./-� 0$''*-/-
� AND� RECOVERY� DYNAMICS�� A� MISMATCH� WITH� ICE�MEDIATED� SPRING� BLOOM"� 3ROG�

2CEANOGR���������������



��

0UNDAY�3�/��-ONES�*�3��3RATCHETT�0�6��:ILLIAMS�$�-��������&LIMATE�CHANGE�AND�THE�FUTURE�FOR�CORAL

REEF�FISHES��)ISH�)ISHERIES������������

1EAT�)�&��ET�AL��������0OVEMENT�OF�$TLANTIC�COD AROUND�THE�%RITISH�,SLES��IMPLICATIONS�FOR�FINER�SCALE

STOCK�MANAGEMENT��-��$PPLIED�(COLOGY����������������

1EUHEIMER�$��%��5��(��7HRESHER�-��0��/YLE�AND�-��0��6EMMENS��������7OLERANCE�LIMIT�FOR�FISH�GROWTH

EXCEEDED�BY�WARMING�WATERS��1ATURE�&LIMATE�&HANGE 	���������

1nTTESTAD� /�� ET� AL�� ������ 4UANTIFYING� CHANGES� IN� ABUNDANCE� BIOMASS� AND� SPATIAL� DISTRIBUTION� OF

1ORTHEAST�$TLANTIC�	1($
�MACKEREL�	��*(� ,�-�*(�,/-
� IN�THE�1ORDIC�6EAS�FROM������TO�������,&(6

-OURNAL�OF�0ARINE�6CIENCE�������t����

1URSEY�%RAY�0��3ECL�&�7��)RUSHER�6��*ARDNER�&��+AWARD�0��+OBDAY�$�-��-ENNINGS�6��3UNT�$�(�

5EVILL�+��VAN�3UTTEN�,��������&OMMUNICATING�CLIMATE�CHANGE��CLIMATE�CHANGE�RISK�PERCEPTIONS�AND

ROCK�LOBSTER�FISHERS�7ASMANIA��0AR��3OLICY�������������

1URSEY�%RAY�0��3ALMER�5� 3ECL�*� �����6POT�LOG�MAP��ASSESSING�A�MARINE�VIRTUAL�CITIZEN�SCIENCE
PROGRAM�AGAINST�5EED�S�BEST�PRACTICE� FOR� STAKEHOLDER�PARTICIPATION� IN�ENVIRONMENTAL�MANAGEMENT
2CEAN�AND�&OASTAL�0ANAGEMENT ���������

2GIER�(�0��'AVIDSON�-��)IDELMAN�3��+AWARD�0��+OBDAY $�-� +OLBROOK 1� +OSHINO (� 3ECL�*�7�

����� )ISHERIES�MANAGEMENT� APPROACHES� AS� PLATFORMS� FOR� CLIMATE� CHANGE� ADAPTATION�� &OMPARING

THEORY�AND�PRACTICE�IN�$USTRALIAN�FISHERIES��0ARINE�3OLICY����������

2HLBERGER� -�� ������ &LIMATE� WARMING� AND� ECTOTHERM� BODY� SIZE t FROM� INDIVIDUAL� PHYSIOLOGY� TO

COMMUNITY�ECOLOGY��)UNCTIONAL�(COLOGY�������t�����

2LAFSDOTTIR�$��6LOTTE�$��-ACOBSEN�-��2SKARSSON�*��8TNE�.��1nTTESTAD�/��������&HANGES�IN�WEIGHT�

AT�LENGTH�AND�SIZE�AT�AGE�OF�MATURE�1ORTHEAST�$TLANTIC�MACKEREL� 	��*(� ,�-�*(�,/-
� FROM������TO

������EFFECTS�OF�MACKEREL�STOCK�SIZE�AND�HERRING�	�'/+ ��#�, )"/-
�STOCK�SIZE��,&(6�-OURNAL�OF�0ARINE

6CIENCE��������t�����

2LIVER�(��&��-�� -��$��%ENTHUYSEN�1��/��%INDOFF�$��-��+OBDAY�1��-��+OLBROOK�&��1��0UNDY�AND�6��(�

3ERKINS�.IRKPATRICK�� ������ 7HE� UNPRECEDENTED� �������� 7ASMAN� 6EA� MARINE� HEATWAVE�� 1ATURE

&OMMUNICATIONS ��������

2NG� -�-�/��5OUNTREY�$�1��0EEUWIG� -�-��1EWMAN�6�-�� =INKE� -��0EEKAN�0�*��������&ONTRASTING

ENVIRONMENTAL�DRIVERS�OF�ADULT�AND� JUVENILE�GROWTH� IN�A�MARINE� FISH�� IMPLICATIONS FOR� THE�EFFECTS�OF

CLIMATE�CHANGE��6CIENTIFIC�5EPORTS��������

2RTEGA�&ISNEROS .�� <OKWANA 6� 6AUER :� &OCHRANE .� &OCKCROFT $� -AMES 1�&� 3OTTS :�0�
6INGH /� 6MALE 0� :OOD�$� 3ECL�*�7� ����� $SSESSMENT�OF�THE�LIKELY�SENSITIVITY�TO�CLIMATE�CHANGE
FOR�THE�KEY�MARINE�SPECIES�IN�THE�SOUTHERN�%ENGUELA�SYSTEM�$FRICAN�-OURNAL�OF�0ARINE�6CIENCE�����
��������'2,�����������������;�������������

3AULY�'��&HEUNG�:�:�/��������6OUND�PHYSIOLOGICAL�KNOWLEDGE�AND�PRINCIPLES�IN�MODELING�SHRINKING

OF�FISHES�UNDER�CLIMATE�CHANGE��*LOBAL�&HANGE�%IOLOGY����E���E���

3AYNE� 1�/�� ET� AL�� ������ &OMBINING� ABUNDANCE� AND� PERFORMANCE� DATA� REVEALS� HOW� TEMPERATURE

REGULATES� COASTAL� OCCURRENCES� AND�ACTIVITY�OF� A� ROAMING� APEX� PREDATOR��*LOBAL�&HANGE�%IOLOGY� ���

����������



��

3ECL�*�7��0OLTSCHANIWSKYJI�1�$��7RACEY�6�5��-ORDAN�$�5��������,NTER�ANNUAL�PLASTICITY�OF�SQUID�LIFE

HISTORY�AND�POPULATION�STRUCTURE��ECOLOGICAL�AND�MANAGEMENT�IMPLICATIONS��2ECOLOGIA��������������

3ECL *�7��:ARD 7��%RICEkO )� )OWLER $��)RUSHER 6��*ARDNER &���+AMER 3��+ARTMANN .��+ARTOG

-��+OBDAY $��+OSHINO (��-ENNINGS 6��/E�%OUHELLEC %��/INNANE $��0ARZLOFF0��0AYFIELD 6��0UNDY

&��2GIER (��6ULLIVAN $��7RACEY 6��7UCK *��:AYTE 6������� 3REPARING�FISHERIES�FOR�CLIMATE�CHANGE�

IDENTIFYING�ADAPTATION�OPTIONS�FOR�FOUR�KEY�FISHERIES�IN�6OUTH�(ASTERN�$USTRALIA��)ISHERIES�5ESEARCH�AND

'EVELOPMENT�&ORPORATION�3ROJECT���������

3ECL�*�7��:ARD�7�0��'OUBLEDAY�=�$��&LARKE�6��'AY�-��'IXON�&��)RUSHER�6��*IBBS�3��+OBDAY�$�-�

+UTCHINSON�1�� -ENNINGS� 6�� -ONES� .�� /I� ;�� 6POONER�'�� 6TOKLOSA�5�� ������5APID�ASSESSMENT�OF

FISHERIES�SPECIES�SENSITIVITY�TO�CLIMATE�CHANGE��&LIMATIC�&HANGE����������

3ECL *��2GIER (��-ENNINGS 6��VAN�3UTTEN ,��&RAWFORD &��)OGARTY +��)RUSHER 6��+OBDAY $��.EANE

-��/EE (��0AC/EOD &��0UNDY &��6TUART�6MITH -��7RACEY 6� 	IN�PRESS
��$UTONOMOUS�ADAPTATION�TO

CLIMATE�DRIVEN�CHANGE�IN�MARINE�BIODIVERSITY�IN�A�GLOBAL�MARINE�HOTSPOT��$0%,2

3ERRY�5�,��6MITH�6�-�������� ,DENTIFYING�HABITAT�ASSOCIATIONS�OF�MARINE� FISHES�USING�SURVEY�DATA��AN

APPLICATION� TO� THE� 1ORTHWEST� $TLANTIC�� &ANADIAN� -OURNAL� OF� )ISHERIES� AND� $QUATIC� 6CIENCES� ��	�


PP���������

3ERRY�$�/��/OW�3�-��(LLIS�-�5��5EYNOLDS�-�'��������&LIMATE�CHANGE�AND�DISTRIBUTION�SHIFTS�IN�MARINE

FISHES��6CIENCE�����	����
������������

3INSKY�0�/��:ORM�%��)OGARTY�0�-��6ARMIENTO�-�/��/EVIN�6�$��������0ARINE�TAXA�TRACK�LOCAL�CLIMATE

VELOCITIES��6CIENCE ���	����
�����������

3INSKY�0�/�� 5EYGONDEAU�*�� &ADDELL� 5�� 3ALACIOS�$BRANTES� -�� 6PIJKERS� -�� &HEUNG�:�:�/�� �����

3REPARING�OCEAN�GOVERNANCE�FOR�SPECIES�ON�THE�MOVE��6CIENCE��������������

3ITT�1�5��3OLOCZANSKA�(�6��+OBDAY�$�-��������&LIMATE�DRIVEN�RANGE�CHANGES�IN�7ASMANIAN�INTERTIDAL

FAUNA��0ARINE�AND�)RESHWATER�5ESEARCH�������������

3LAGeNYI�^�(��ET�AL��������$�QUANTITATIVE�METRIC� TO� IDENTIFY�CRITICAL�ELEMENTS�WITHIN�SEAFOOD�SUPPLY

NETWORKS��3/26�21(���	�
��E������

3ORTNER�+�2��)ARRELL�$�3��������3HYSIOLOGY�AND�&LIMATE�&HANGE��6CIENCE�����	����
���������

5AMOS� -�(�� 3ECL� *�7�� 0OLTSCHANIWSKYJ� 1�$�� 6EMMENS� -�0�� 6OUZA� &�$�� 6TRUGNELL� -�0�� �����

3OPULATION�GENETIC�SIGNATURES�OF�A�CLIMATE�CHANGE�DRIVEN�MARINE�RANGE�EXTENSION��6CIENTIFIC�5EPORTS

�������'2,���������S����������������Y

5EUM�-��%LANCHARD�-�/��+OLSMAN�.�.��$YDIN�.��3UNT�$�(�������6PECIES�SPECIFIC�ONTOGENETIC�DIET

SHIFTS� ATTENUATE� TROPHIC� CASCADES� AND� LENGTHEN� FOOD� CHAINS� IN� EXPLOITED� ECOSYSTEMS�� 2KIOS� '2,�

��������OIK������

5EUM�-��+OLSMAN�.��$YDIN .�.��%LANCHARD -��-ENNINGS�6��������(NERGETICALLY�RELEVANT�PREDATOR�TO

PREY�BODY�MASS�RATIOS�AND�THEIR�RELATIONSHIP�WITH�PREDATOR�BODY�SIZE��(COLOGY�AND�(VOLUTION������t

����

5hGNIER�7��*IBB�)�0��:RIGHT�3�-��������,MPORTANCE�OF�TROPHIC�MISMATCH�IN�A�WINTER�HATCHING�SPECIES�

EVIDENCE�FROM�LESSER�SANDEEL��0AR��(COL��3ROG��6ERI���������������



��

5IDGWAY�.��5��������/ONG�TERM�TREND�AND�DECADAL�VARIABILITY�OF�THE�SOUTHWARD�PENETRATION�OF�THE�(AST

$USTRALIAN�&URRENT��*EOPHYSICAL�5ESEARCH�/ETTERS ���

5IJNSDORP�$�'��3ECK�0�$���(NGELHARD�*�+��0mLLMANN�&��3INNEGAR�-�.��������5ESOLVING�THE�EFFECT

OF�CLIMATE�CHANGE�ON�FISH�POPULATIONS��,&(6�-OURNAL�OF�0ARINE�6CIENCE �������t�����

5INDORF�$��/EWY�3��������:ARM�WINDY�WINTERS�DRIVE�COD�NORTH�AND�HOMING�OF�THE�SPAWNERS�KEEPS

THEM�THERE��-OURNAL�OF�$PPLIED�(COLOGY������������

5OBINSON�/�0��*LEDHILL�'�&��0OLTSCHANIWSKYJ�1�$��+OBDAY�$�-��)RUSHER�6�'��%ARRETT�1��6TUART�6MITH

-�6�� 3ECL� *�3�� ������ 5APID� ASSESSMENT� OF� AN� OCEAN�WARMING� HOTSPOT� REVEALS� �HIGH�� CONFIDENCE� IN

POTENTIAL�SPECIES��RANGE�EXTENSIONS��*LOBAL�(NVIRONMENTAL�&HANGE������������

5OBINSON� /�0��0ARZLOFF�0�3�� VAN� 3UTTEN� ,� 3ECL�*7� -ENNINGS�6�1ICOL�6�+OBDAY�$-�7RACEY�6

+ARTMANN�.�+AWARD�0�)RUSHER�6������� 6TRUCTURED�'ECISION�0AKING�,DENTIFIES�(FFECTIVE�6TRATEGIES

AND�3OTENTIAL %ARRIERS� FOR�(COSYSTEM�%ASED�0ANAGEMENT�OF�A�5ANGE�(XTENDING�6PECIES� IN�A�*LOBAL

0ARINE�+OTSPOT� (COSYSTEMS� HTTPS���DOI�ORG���������S����������������W

5OFF�'��$��������7HE�EVOLUTION�OF�LIFE�HISTORIES��THEORY�AND�ANALYSIS��&HAPMAN�AND�+ALL�/ONDON�

6HEARS�1��7��AND�0��0��%OWEN��������+ALF�A�CENTURY�OF�COASTAL�TEMPERATURE�RECORDS�REVEAL�COMPLEX

WARMING�TRENDS�IN�WESTERN�BOUNDARY�CURRENTS��6CIENTIFIC�5EPORTS ��������

5UTTERFORD� /�$�� 6IMPSON� 6�'�� -ENNINGS� 6�� -OHNSON�0�3�� %LANCHARD� -�/�� 6CHmN� 3�� 6IMS� '�:�

7INKER�-��*ENNER�0�-�������)UTURE�FISH�DISTRIBUTIONS�CONSTRAINED�BY�DEPTH�IN�WARMING�SEAS��1ATURE

&LIMATE�&HANGE������������

6AINSBURY�1�&��*ENNER�0�-��6AVILLE�*�5��3INNEGAR -�.��2w1EILL�&�.��6IMPSON�6�'��7URNER�5�������

&HANGING�STORMINESS�AND�GLOBAL�CAPTURE�FISHERIES��1ATURE�&LIMATE�&HANGE������������

6CHEFFER�0��%ASCOMPTE�-��%ROCK�:�$��%ROVKIN�9��&ARPENTER�6�5��'AKOS�9��+ELD�+��VAN�1ES�(�+�

5IETKERK�0��6UGIHARA�*��������(ARLY�WARNING�SIGNALS�FOR�CRITICAL�TRANSITIONS��1ATURE��������t���

6EEBACHER� )�� &�� 5�� :HITE� &�� (�� )RANKLIN�� ������ 3HYSIOLOGICAL� PLASTICITY� INCREASES� RESILIENCE� OF

ECTOTHERMIC�ANIMALS�TO�CLIMATE�CHANGE��1ATURE�&LIMATE�&HANGE ����

6IMPSON�6�'��-ENNINGS�6��-OHNSON�0�3��%LANCHARD�-�/��6CHmN�3�-��6IMS�'�:��*ENNER�0�-�������

&ONTINENTAL�SHELF�WIDE�RESPONSE�OF�A�FISH�ASSEMBLAGE�TO�RAPID�WARMING�OF�THE�SEA��&URRENT�%IOLOGY���

����t �����

6JmBERG�(��������3RICING�ON�THE�)ISH 0ARKET u 'OES�6IZE�0ATTER" ��,$) �� -*/,� ���*)*($�-���

���t����

6TAWITZ�&�&��(SSINGTON�7�(��%RANCH�7�$��+ALTUCH�0�$��+OLLOWED�$�%��3�'��6PENCER��������$�STATE�

SPACE�APPROACH�FOR�DETECTING�GROWTH�VARIATION�AND�APPLICATION�TO�1ORTH�3ACIFIC�GROUNDFISH��&ANADIAN

-OURNAL�OF�)ISHERIES�AND�$QUATIC�6CIENCES �
������

6TOLL�-�6��)ULLER�(��&RONA�%�,��������8NEVEN�ADAPTIVE�CAPACITY�AMONG�FISHERS�IN�A�SEA�OF�CHANGE��3/O6

21(�����E��������

6UNDAY�-��3ECL�*��)RUSHER�6��+OBDAY�$��+ILL�1��+OLBROOK�1��(DGAR�*��6TUART�6MITH�5��%ARRETT

1��:ERNBERG�7��:ATSON�5��6MALE�'��)ULTON�(��6LAWINSKI�'��)ENG�0��5ADFORD�%��%ATES�$�������



��

6PECIES� TRAITS� AND� CLIMATE� VELOCITY� EXPLAIN� GEOGRAPHIC� RANGE� SHIFTS� IN� AN� OCEAN� WARMING� HOTSPOT�

(COLOGICAL�LETTERS���	�
�'2,����������ELE������

7EAL�/��5��+AL�5���.OOTEN�7���5UARDIJ�3��5IJNSDORP�$��'�������%IO�ENERGETICS�UNDERPINS�THE�SPATIAL

RESPONSE�OF�1ORTH�6EA�PLAICE�	�' /,*) �. -�+'�. --� /�
�AND�SOLE�	�*' ��-*' � /�
�TO�CLIMATE CHANGE�

*LOBAL�&HANGE�%IOLOGY���������������

7EAL� /�5�� 0ARRAS� 6�� 3ECK� 0�$�� 'OMENICI� 3�� ����� 3HYSIOLOGY�BASED� MODELLING� APPROACHES� TO

CHARACTERIZE� FISH� HABITAT� SUITABILITY�� 7HEIR� USEFULNESS� AND� LIMITATIONS�� (STUARINE� &OASTAL� AND� 6HELF

6CIENCE����� ������

7HORSON�-�7��0INTE�9ERA�&�9��������5ELATIVE�MAGNITUDE�OF�COHORT�AGE�AND�YEAR�EFFECTS�ON�SIZE�AT�AGE

OF�EXPLOITED�MARINE�FISHES��)ISHERIES�5ESEARCH�������t���

7HORSON� -�7��3INSKY�0�/��:ARD�(�-��������0ODEL�BASED� INFERENCE� FOR�ESTIMATING� SHIFTS� IN� SPECIES

DISTRIBUTION�AREA�OCCUPIED�AND�CENTRE�OF�GRAVITY��0ETHODS�IN�(COLOGY�AND�(VOLUTION��	�
����������

7HORSON�-�7��,ANELLI�-�1��.OTWICKI�6��������7HE�RELATIVE�INFLUENCE�OF�TEMPERATURE�AND�SIZE�STRUCTURE

ON� FISH� DISTRIBUTION� SHIFTS�� $� CASE�STUDY� ON�:ALLEYE� POLLOCK� IN� THE� %ERING� 6EA�� )ISH� AND� )ISHERIES

��	�
�����������

7HORSON�-�7������A��*UIDANCE�FOR�DECISIONS�USING�THE�9ECTOR�$UTOREGRESSIVE�6PATIO�7EMPORAL�	9$67


PACKAGE�IN�STOCK�ECOSYSTEM�HABITAT�AND�CLIMATE�ASSESSMENTS��)ISHERIES 5ESEARCH�������������

7HORSON�-�7������B��)ORECAST�SKILL� FOR�PREDICTING�DISTRIBUTION�SHIFTS��$�RETROSPECTIVE�EXPERIMENT�FOR

MARINE�FISHES�IN�THE�(ASTERN�%ERING�6EA��)ISH�AND�)ISHERIES���	�
���������

7HRESHER 5�(��.OSLOW�-�$��0ORISON $�.��6MITH�'�&� ����� 'EPTH�MEDIATED�REVERSAL�OF�THE�EFFECTS�OF

CLIMATE�CHANGE�ON� LONG�TERM�GROWTH� RATES�OF�EXPLOITED�MARINE� FISH� 3ROC� 1AT� $CAD� 6CI��8�6� ����

����t��

7HRESHER�5��-��0ORRONGIELLO�%��0��6LOYAN�.��.RUSIC�*OLUB�6��6HEPHARD�&��0INTO�&��3��1OLAN�)� &ERNA

AND�/��&ID��������3ARALLEL�DECADAL�VARIABILITY�OF�INFERRED�WATER�TEMPERATURES�FOR�1ORTHERN�AND�6OUTHERN

+EMISPHERE�INTERMEDIATE�WATER�MASSES��*EOPHYSICAL�5ESEARCH�/ETTERS �	�����������

7HRESHER�5��(�� -��$��.OSLOW�$��.��0ORISON�AND�'��&��6MITH� ������'EPTH�MEDIATED�REVERSAL�OF�THE

EFFECTS� OF� CLIMATE� CHANGE�ON� LONG�TERM� GROWTH� RATES� OF� EXPLOITED�MARINE� FISH�� 3ROCEEDINGS� OF� THE

1ATIONAL�$CADEMY�OF�6CIENCES 	�������������

7ILZEY� 5�� '�� -�� AND� .�� 5�� 5OWLING�� ������ +ISTORY� OF� $USTRALIA�S� 6OUTH� (AST� )ISHERY�� A� SCIENTIST�S

PERSPECTIVE��0ARINE�AND�)RESHWATER�5ESEARCH 
���������

7ODD�&�'��+UGHES�6�/��0ARSHALL�&�7��0ACLEANS�-�&��/ONERGAN�0��(��%IUW�0��������'ETRIMENTAL

EFFECTS� OF� RECENT� OCEAN� SURFACE� WARMING� ON� GROWTH� CONDITION� OF� $TLANTIC� SALMON�� *LOBAL� &HANGE

%IOLOGY�����������

7OWNHILL�%�/��3INNEGAR�-�.��7INKER�-��-ONES�0�&��6IMPSON�6�'��6TEBBING�3��'YE�6�5�������1ON�

NATIVE�MARINE�SPECIES� IN�NORTH�WEST�(UROPE��DEVELOPING�AN�APPROACH�TO�ASSESS�FUTURE�SPREAD�USING

REGIONAL DOWNSCALED�CLIMATE�PROJECTIONS�$QUATIC�&ONSERVATION��)RESHWATER�AND�0ARINE�(COSYSTEMS�



��

7OWNHILL�%�/��7INKER�-��-ONES�0��3ITOIS�6��&REACH�9��6IMPSON�6�'��'YE�6��%EAR�(��3INNEGAR�-�.�

�����+ARMFUL�ALGAL�BLOOMS�AND�CLIMATE�CHANGE��EXPLORING�FUTURE�DISTRIBUTION�CHANGES��,&(6�-OURNAL�OF

0ARINE�6CIENCE���������������

9AN�'ENDEREN�3�'��*ISLASON�+��$NDERSEN�.�+��IN�PREP��(COLOGICAL�DYNAMICS�DETERMINE�ECTOTHERM

COMMUNITY�RESPONSE�TO�TEMPERATURE

9AN�DER�.OOIJ�-��(NGELHARD�*�+��AND�5IGHTON�'�$��������&LIMATE�CHANGE�AND�SQUID�RANGE�EXPANSION

IN�THE�1ORTH�6EA��-OURNAL�OF�%IOGEOGRAPHY���������������

9AN�+AL�5��6MITS�.��AND�5IJNSDORP�$�'��������+OW�CLIMATE�WARMING�IMPACTS�THE�DISTRIBUTION�AND

ABUNDANCE�OF�TWO�SMALL�FLATFISH�SPECIES�IN�THE�1ORTH�6EA��-OURNAL�OF�6EA�5ESEARCH�����������

9ASILAKOPOULOS�3��0ARSHALL�&�7��������5ESILIENCE�AND�TIPPING�POINTS�OF�AN�EXPLOITED�FISH�POPULATION

OVER�SIX�DECADES��*LOBAL�&HANGE�%IOLOGY��������t����

:APLES� 5�� 6�� AND�$�� $UDZIJONYTE�� ������ )ISHERY�INDUCED� EVOLUTION� PROVIDES� INSIGHTS� INTO� ADAPTIVE

RESPONSES�OF�MARINE�SPECIES�TO�CLIMATE�CHANGE��)RONT��(COL��(NVIRON� 	����������

:ATSON�-�7��+AYNIE�$�&��������3ATHS�TO�RESILIENCE��$LASKA�POLLOCK�FLEET�USES�MULTIPLE�FISHING�STRATEGIES

TO�BUFFER�AGAINST�ENVIRONMENTAL�CHANGE�IN�THE�%ERING�6EA� &AN� -� )ISH� $QUATIC�6CI����������������

:ERNBERG�7��5USSELL�%�'��7HOMSEN�0�6��*URGEL�&�)�'��%RADSHAW�&�-�$��3OLOCZANSKA�(�6��&ONNELL

6�'��������6EAWEED�&OMMUNITIES�IN�5ETREAT�FROM�2CEAN�:ARMING��&URRENT�%IOLOGY���������������

:OILLEZ�0�� 5IVOIRARD� -�� 3ETITGAS� 3�� ������ 1OTES� ON� SURVEY�BASED� INDICATORS� FOR�MONITORING� FISH

POPULATIONS��$QUAT��/IVING�5ESOUR�������������

:OODHEAD�3��������&HANGES�IN�THE�BEHAVIOUR�OF�THE�SOLE�6OLEA�VULGARIS�DURING�COLD�WINTERS�AND�THE

RELATION� BETWEEN� THE� WINTER� CATCH� AND� SEA� TEMPERATURES� � '"*'5)� ,� 1$-- )-�#�!.'$�# 

�  , -/). ,-/�#/)" )������������

=HANG�/��7AKAHASHI�'��+ARTVIG�0��$NDERSEN�.�+��������)OOD�WEB�DYNAMICS�UNDER�CLIMATE�CHANGE�

3ROCEEDINGS�OF�THE�5OYAL�6OCIETY�%��%IOLOGICAL�6CIENCES��������������



��

�� $PPENDICES
���� $PPENDIX� ��� 'ESCRIPTION� OF� (8� 3ROJECT &(5(6 � &LIMATE� &HANGE� AND� (UROPEAN

$QUATIC�5ESOURCES

&(5(6�ADVANCES�A�CAUSE�AND�EFFECT�UNDERSTANDING�OF�HOW�CLIMATE�CHANGE�WILL�INFLUENCE (UROPEwS�MOST

IMPORTANT�FISH�AND�SHELLFISH�RESOURCES�AND�THE�ECONOMIC�ACTIVITIES�DEPENDING�ON�THEM��7HE�PROJECT�IS

PROVIDING�NEW�KNOWLEDGE�	DATA�SETS�VALUABLE�FOR�GLOBAL�COMPARISONS
�AND�TOOLS�NEEDED�TO�SUCCESSFULLY

ADAPT�(UROPEAN�FISHERIES�AND�AQUACULTURE SECTORS�IN�MARINE�AND�INLAND�WATERS�TO�ANTICIPATED�CLIMATE

CHANGE��&(5(6�IDENTIFIES�AND�COMMUNICATES�RISKS�OPPORTUNITIES�AND�UNCERTAINTIES�THEREBY�ENHANCING

THE�RESILIENCE�AND�SUPPORTING�THE�DEVELOPMENT�OF�ADAPTIVE�MANAGEMENT�AND�GOVERNANCE�SYSTEMS�IN

THESE�BLUE�GROWTH�SECTORS��&(5(6�STRONGLY�SUPPORTS�IMPORTANT�(UROPEAN�POLICY�GOALS�INCLUDING�SELF�

SUFFICIENCY�OF�THE�DOMESTIC�SUPPLY�OF�FISH�AND�SHELLFISH��,NFORMATION�WAS�CONVEYED�ON�RECENT�PROJECT

RESULTS� RELEVANT� TO� THIS� WORKSHOP� INCLUDING� A� LITERATURE� REVIEW� AND� TIME� SERIES� ANALYSES� OF

ENVIRONMENTAL�DRIVERS�AFFECTING�GROWTH�DISTRIBUTION�AND�PRODUCTIVITY�OF�(UROPEAN�FISH�AND�SHELLFISH�

$�SYSTEMATIC�LITERATURE�REVIEW�AND�GAP�ANALYSIS�WAS�CONDUCTED�ON�THE�EFFECTS�OF�KEY�ABIOTIC�FACTORS�	7

P+�2�� 6
� ON� THE PRODUCTIVITY� AND� DISTRIBUTION� OF� ��� OF� THE� SPECIES�MOST� IMPORTANT� TO� (UROPEAN

FISHERIES�AND�AQUACULTURE��7HE�:EB�OF�6CIENCE�REVIEW�FOUND�!�������PUBLISHED�PAPERS�WHICH�WERE

FILTERED�BY�ABSTRACT�AND�TITLE�TO�[����PAPERS�FROM�WHICH�DATASETS�WERE�EXTRACTED� ON����OF�(UROPEwS

MOST�VALUABLE�SPECIES��7HE�CATEGORY�xINLAND�WATERS�FISHERIESy�INCLUDED�THE�LARGEST�NUMBER�OF�SPECIES

AND�DATASETS�FOLLOWED�BY�CYPRINIDS�AND�CULTURED�RAINBOW�TROUT��7HE�MAJORITY�OF�OTHER�STUDIES�ON�FINFISH

WAS�RESEARCH�ON�SEABASS�AND�SEABREAM�IN�THE�,BERIAN�$TLANTIC�REGION�AND�0EDITERRANEAN�6EA��'ATA

STEMMING�FROM�STUDIES�ON�SHELLFISH�WERE�MOST�ABUNDANT�IN�THE�1ORTH�6EA�AND�,BERIAN�$TLANTIC�REGIONS�

,N�MARINE�FISHERIES�MOST�STUDIES�WERE�CONDUCTED�ON�SMALL�PELAGICS�IN�NORTHERN�AREAS�	HERRING�SPRAT


AND�$TLANTIC�SHELF�AREAS�	ANCHOVY�SARDINE
��:ORK�ON�DEMERSAL�FISH�FOCUSED�ON�COD�IN�NORTHERN�AREAS

AND�HAKE�IN�SOUTHERN�(8�WATERS��7HE�NUMBER�OF�STUDIES�ON�LARGE�PELAGICS�	E�G��TUNA�DOLPHINFISH
�WAS

RELATIVELY�LOW�BUT�LARGER�THAN�THOSE�ON�SQUIDS�AND�SHRIMPS�

.NOWLEDGE�ON� POTENTIAL� CLIMATE� CHANGE�RELATED� DRIVERS� 	SINGLE� OR� COMBINED� PHYSICAL� VARIABLES
� ON

SEVERAL�RESPONSES�	VITAL�RATES
�ACROSS�FOUR�CATEGORIES�	EXPLOITATION�SECTOR�REGION�LIFE�STAGE�SPECIES


WAS�CONSIDERABLY�UNBALANCED�INCLUDING�A�LOW�NUMBER�OF�STUDIES�I
�EXAMINING�THE�INTERACTION�OF�ABIOTIC

FACTORS�II
�OFFERING�OPPORTUNITIES�TO�ASSESS�LOCAL�ADAPTATION�III
�TARGETING�LOWER�VALUE�SPECIES��$�META�

ANALYSIS�REVEALED�THAT�PROJECTED�WARMING�WOULD�INCREASE�MEAN�GROWTH�RATES�IN�FISH�AND�MOLLUSKS�AND

SIGNIFICANTLY�ELEVATE�METABOLIC�RATES�IN�FISH��'ECREASED�LEVELS�OF�DISSOLVED�OXYGEN�DEPRESSED�RATES�OF

GROWTH� AND�METABOLISM� ACROSS� COHERENT� SPECIES� GROUPS� 	E�G�� SMALL� PELAGICS� ETC�
�WHILE� EXPECTED

DECLINES�IN�P+�REDUCED�GROWTH�IN�MOST�SPECIES�GROUPS�BUT�INCREASED�MORTALITY�ONLY�IN�BIVALVES��7HE

META�ANALYTICAL�RESULTS�WERE�SUBSTANTIALLY� INFLUENCED�BY�THE�STUDY�DESIGN�AND�MODERATORS�	E�G�� LIFE

STAGE�SEASON
��$LTHOUGH�META�ANALYTIC�TOOLS�HAVE�BECOME�INCREASINGLY�POPULAR�WHEN�PERFORMED�ON

THE�LIMITED�AVAILABLE�DATA�THESE�ANALYSES�CANNOT�GRASP�RELEVANT�POPULATION�EFFECTS�EVEN�IN�SPECIES

WITH�A�LONG�HISTORY�OF�STUDY��:E�RECOMMEND�ACTIONS�TO�OVERCOME�THESE�SHORTCOMINGS�AND�IMPROVE

MECHANISTIC�	CAUSE�AND�EFFECT
�PROJECTIONS�OF�CLIMATE�IMPACTS�ON�FISH�AND�SHELLFISH�

7HE�PRESENTATION�ALSO�REVIEWED�TIME�SERIES�CONDUCTED�IN�VARIOUS�(UROPEAN�REGIONAL�SEAS�ON�FISH�FISH

COMMUNITIES�AND�IN�SOME�CASES�AT�THE�ECOSYSTEM�LEVEL��7IME�SERIES�RELEVANT�TO�THIS�WORKSHOP�INCLUDE�



��

1. %ARENTS�6EA�(COSYSTEM��A�MULTIFACTOR�ANALYSIS�AND�3&$�WAS�CONDUCTED�ON�A�LONG�TERM�DATA

SERIES�	���������
��7HE�%ARENTS�6EA�HAS�CHANGED�FROM�COLD� LOW�DEMERSAL�STOCKS�AND�HIGH

FISHING� PRESSURE� IN� ����S� TO� WARMER� HIGHER� DEMERSAL� STOCKS� AND� LOWER� FISHING� PRESSURE�

5ESULTS�SUGGEST� THAT� TEMPERATURE�ALONE�CANNOT�EXPLAIN� TRENDS� IN�COD�RECRUITMENT�BETWEEN

�����������,T�IS�LIKELY�THAT�FISHING�PRESSURE�IS�A�SECOND�MAJOR�FACTOR�INFLUENCING�RECRUITMENT

TRENDS�

�� 1ORTH�6EA�)ISH�&OMMUNITY��*ENERALISED�$DDITIVE�0ODELS�	*$0S
�WERE�CONDUCTED ON�A�TIME

SERIES�SPANNING������������6PECIES� RICHNESS� 	65
�SIGNIFICANTLY� INCREASED�DURING�BOTH�WINTER

AND� SUMMER� SURVEY� PERIODS� AND�WAS� DRIVEN� BY� AN� INCREASE� IN�MORE� SOUTHERLY� 	/USITANIAN


SPECIES��7HIS�INCREASE�WAS�ASSOCIATED�WITH�INCREASES�IN�WINTER�WATER�TEMPERATURE�POTENTIALLY

INCREASING� THE� THERMAL� SUITABILITY� OF� THE�1ORTH� 6EA� FOR� THESE� SPECIES�� &ONSIDERABLE� SPATIAL

VARIABILITY�	PARTICULARLY�BETWEEN�THE�SOUTHERN�AND�NORTHERN�1ORTH�6EA�WAS�OBSERVED�

3. (STUARINE�DEPENDENT� JUVENILE�MARINE� FISH� IN� THE� 8.�� *$0S� WERE� CONDUCTED� ON� FIELD� DATA

COLLECTED�BETWEEN������������6IX�OUT�OF�THE�NINE�STUDIED�MARINE�MIGRANT�FISH�SPECIES�SHOWED

SIGNIFICANT�TEMPORAL�LATITUDINAL�SHIFTS�IN�THEIR�DISTRIBUTION�INCLUDING�FLOUNDER�DAB�WHITING�BIB

POLLACK�AND�FIVEBEARD�ROCKLING��1ORTHWARD�SHIFTS�ALONG�THE�EAST�AND�WEST�COAST�OF�THE�%RITISH

,SLES�WERE�CONSISTENT�WITH�A�SHIFT�IN�CLIMATE�BUT�THE�EVIDENCE�OF�THE�EFFECT�OF�CLIMATIC�VARIABLES

APPEARS�TO�BE�VERY�LIMITED�

�� 3LAICE� IN� THE�1ORTH�6EA��*ENERALISED�$DDITIVE�0IXED�0ODELS� 	*$00S
�WERE�CONDUCTED�ON

TIME�SERIES�OF� FISH�SIZES�REPORTED� IN�COMMERCIAL�CATCHES� FROM������������$FTER� THE�����wS

REDUCED�EUTROPHICATION�AND�BEAM�TRAWLING�HAS�POSSIBLY�AFFECTED�PREY�AVAILABILITY�LEADING�TO

REDUCED�FISH�GROWTH��)ISHING t INCREASING�UNTIL������THEN�STRONGLY�DECREASING��&LIMATE�CHANGE

AND� DISTRIBUTION� SHIFT t JUVENILE� PLAICE� HAVE� SHIFTED� FURTHER� OFFSHORE�� $� INDIVIDUAL�BASED

EVOLUTIONARY�MODEL�WITH�AN�INTEGRATED�NESTED�/APLACE�APPROXIMATION�	,1/$
�AND�*/0�HAS�ALSO

BEEN�CALIBRATED�USING�SPATIALLY�EXPLICIT�SIZE�BASED�DATA�ON�THE�HABITAT�OCCUPATION�BY�PLAICE

FROM������������7HE�MODEL�CORRECTLY�CAPTURES�THE�DISTRIBUTION�OF�DIFFERENT�SIZE�CLASSES�AND

WILL�BE�USED�FOR�CLIMATE�PROJECTIONS�

�� $NCHOVY�AND�SARDINE�IN�THE�%AY�OF�%ISCAY��$�'(%�,%0�WAS�COUPLED�TO�A�BIOGEOCHEMICAL�MODEL

	32/&206�(56(0
�AND�GEOSTATISTICAL�ANALYSES�WERE�CONDUCTED�FOR�THE�PERIOD������������7HE

PROBABILITY�OF�HABITATS�OCCUPIED�BY�SARDINE�HAS�DECREASED�IN�RECENT�YEARS�WHICH�IS�UNRELATED

TO�ENVIRONMENTAL�FACTORS�SUCH�AS�7�AND�&HLA��$�DECREASE�IN�FISH�LENGTH�COULD�BE�AN�EXPLANATION�

)OR�ANCHOVY�AT�LOW�STOCK�SIZE�	COLLAPSE�FROM������TO�����
�LOCAL�SPAWNING�OCCURRED�ONLY�IN

SOUTHERN�AREAS��$T�HIGH�STOCK� LEVELS� 	!�����
� SPAWNING�WAS�MORE�WIDESPREAD�AFTER� FISHERY

CLOSURE�AND�STOCK�RECOVERY�TO�HIGHER�DENSITIES��7HE�'(%�MODEL�SUGGESTED�A�NEGATIVE�EFFECT�OF

WARMING�AND�LOW�&HL�A�ON�THE�GROWTH�RATES�OF�ANCHOVY�DURING�THE�RECOVERY�PERIOD�	�����TO

����
�

�� $NCHOVY�AND�SARDINE�IN�THE�NORTHWESTERN 0EDITERRANEAN��*$0�RESULTS�FOR�LANDINGS�PER�UNIT

EFFORT�FROM�����������SUGGEST�THAT�THE�VERY�LOW�PRODUCTIVITY�LEVELS�OF�SARDINE�AND�ANCHOVY

DURING� THE� LAST� TWO� DECADES� CAN� BE� ATTRIBUTED� TO� ADVERSE� ENVIRONMENTAL� CONDITIONS� 	E�G�

NEGATIVE� PHASE� OF� THE� THE� :ESTERN� 0EDITERRANEAN� 2SCILLATION� ,NDEX� INCREASING� WATER

TEMPERATURE� OR� SALINITY
� COUPLED� WITH� CONTINUED� EXCESSIVE� FISHERIES� REMOVALS�� � $GE

TRUNCATION� 	CLASSES��� ��
�DUE� TO� FISHING� PRESSURE� HAS� LIKELY� CAUSED� LOW� RESILIENCE�OF� THESE

STOCKS�TO�POOR�ENVIRONMENTAL�CONDITIONS�

�� %LUEFIN�TUNA�IN�THE�(ASTERN�$TLANTIC�AND�1:�0EDITERRANEAN��&ROSS�CORRELATION�AND�67$56�WERE

APPLIED�TO�SPAWNING�STOCK�BIOMASS�	66%
�RECRUITMENT�AND�667�FOR�THE�TIME�PERIOD�OF������

������)OUR�REGIME�SHIFTS�WERE� IDENTIFIED� IN�66%�WHEREAS THREE�DIFFERENT�REGIME�SHIFTS�WERE



��

IDENTIFIED� FOR� RECRUITMENT� COINCIDING� WITH� THOSE� IDENTIFIED� FOR� THE� MEAN� 667� IN� THE� MAIN

SPAWNING� AREA� DURING� THE� SPAWNING� SEASON� SUGGESTING� A� NEGATIVE� CORRELATION� BETWEEN

TEMPERATURE�AND�RECRUITMENT�

�� 'OLPHINFISH�IN�WESTERN�0EDITERRANEAN��(MPIRICAL�EXPLORATION�OF�HISTORICAL�TRENDS�OF�LANDINGS

AND�&38(S�FROM������TO������IN�THE�%ALEARIC�REGION�AND�FROM������TO������IN�THE�VICINITY�OF

0ALTA�SUGGEST�A�WEAK�RELATIONSHIP�BETWEEN�TEMPERATURE�AND�LANDINGS�IN�%ALEARIC�,SLANDS�AND

NO�RELATIONSHIP�IN�0ALTA�FOR�THE�SAME�TIME�PERIOD��&38(�STANDARDIZATION�IS�ONGOING�SO�THAT

TRENDS�CAN�BE�EXPLORED�QUANTITATIVELY�WITH�RESPECT�TO�ENVIRONMENTAL�DRIVERS�

7HESE� HISTORICAL� ANALYSES� AND� INFORMATION� OBTAINED� FROM� THE� LITERATURE� REVIEW�HAVE� ADVANCED� THE

PARAMETERIZATION�OF�PROJECTION�MODELS�FOR�THE�BIOLOGY�	REPORTED�IN�0ARCH�����
�AND�THE�BIOECONOMICS

	REPORTED� IN� -UNE� ����
� FOR� A� VARIETY� OF� FISHERIES� RESOURCES�� (MPHASIS� WAS� PLACED� ON� EFFECTIVE

PARTICIPATORY� ENGAGEMENT� OF� STAKEHOLDERS� FROM� INDUSTRY� USING� A� VARIETY� OF� METHODS� 	E�G�� MIND

MAPPING�BASED�ON�%AYESIAN�%ELIEF�1ETWORKS�AND�%OW7IE�ANALYSES
��'ATASETS�GENERATED�BY�&(5(6�ARE

AVAILABLE�FOR�THE�GLOBAL�SYNTHESIS�UNDERTAKEN�IN�THIS�WORKSHOP�
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2CEANS�ARE�ABSORBING�APPROXIMATELY�����OF�THE�EXTRA�HEAT�AND�����OF�ADDITIONAL�&2��TRAPPED�IN�THE

ATMOSPHERE�AND�AS�A�RESULT�HAVE�UNDERGONE�RAPID�CHANGES�IN�TEMPERATURE�AND�ACIDITY��7HE�EVIDENCE

FOR� CLIMATE�DRIVEN� GLOBAL� RE�DISTRIBUTION� OF� MARINE� SPECIES� IS� GROWING� BUT� OFTEN� BASED� ON� THE

DISTRIBUTION�OF�FISH�SPECIES�MANY�OF�WHICH�ARE�MOBILE�AND�ABLE�TO�RAPIDLY�SHIFT�THEIR�RANGES�IN�RESPONSE

TO�CHANGING�ENVIRONMENTAL�CONDITIONS��6TANDARDISED�SURVEYS�ARE�COMMONLY�USED�FOR�INFERRING�SPATIAL

DISTRIBUTION�HOWEVER�THERE�ARE�MANY�EXAMPLES�OF�SPECIES�MOVING�BEYOND�THE�BOUNDS�OF�A�SURVEY

WHICH�THEN�LIMITS�OUR�UNDERSTANDING��$DDITIONALLY�THERE�ARE�OFTEN�NON�CLIMATE�FACTORS�THAT�CONFOUND

THE�INTERPRETATION�OF�RANGE�SHIFTS�E�G��FISHING�OR�HABITAT�CHANGES��4UANTIFYING�THE�MAGNITUDE�AND�RATES

OF� DISTRIBUTIONAL� SHIFTS� IS� FURTHER� COMPLICATED� BY� THE� VARIETY� OF�METRICS� THAT� ARE� USED� TO� DESCRIBE

HISTORICAL� SPECIES� DISTRIBUTIONS� AND� THEN� CONTEMPORARY� CHANGES� IN� THESE� DISTRIBUTIONS�� $CCURATELY

SPECIFYING�BOTH�THE�SUITE�OF�DRIVERS�UNDERPINNING�RANGE�SHIFTS�AND�THE�MAGNITUDE�OF� RANGE�SHIFTS� IS

ESSENTIAL� DUE� TO� THE� SOCIETAL� IMPORTANCE� OF� MARINE� SPECIES� FOR� FOOD� LOCAL� ECONOMIES� AND� FUTURE

PROJECTIONS� OF� COMMERCIAL� FISH� SPECIES�� +ERE� BASED� ON� A� CROSS�COMPARISON� OF� METHODOLOGICAL

APPROACHES�FROM�A�RANGE�OF�GLOBALLY�IMPORTANT�MARINE�ECOSYSTEMS�WE�MAKE�RECOMMENDATIONS�FOR

APPROPRIATE� APPROACHES� TO� THE� COLLECTION� ANALYSIS� AND� INTERPRETATION� OF� DATA� DESCRIBING� THE

ABUNDANCE�AND�LOCATION�OF�MARINE�SPECIES�
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$SSESSING� THE� IMPACT� OF� CLIMATE�INDUCED� WARMING� ON� FISH� GROWTH�� A� COMPARISON� OF� MODELING

APPROACHES�APPLIED�TO�THE�&ALIFORNIA�CURRENT�ECOSYSTEM
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0ARSHALL

2CEANOGRAPHIC�CHANGES�DUE�TO�CLIMATE�CHANGE�CAN�HAVE�IMPORTANT�IMPLICATIONS�FOR�FISH�GROWTH�WITH

POTENTIAL�REPERCUSSIONS�ON�POPULATION�DYNAMICS�HARVEST�RATES�REFERENCE�POINTS�AND�CHOICE�OF�FISHING

LOCATIONS�� ,NCREASING� SEA� TEMPERATURES� ACCORDING� TO� THE� TEMPERATURE�SIZE� RULE� HYPOTHESIS� SHOULD

RESULT�IN�SMALLER�ADULT�BODY�SIZES��6IZE�AT�AGE�DATA�ARE�AVAILABLE�FOR�MANY�COMMERCIAL�FISH�SPECIES�IN

ECOSYSTEMS�EXHIBITING�DIFFERENT�WARMING�TRENDS�AND�CAN�BE�USED�TO�FORMALLY�TEST�THIS�HYPOTHESIS��,N

THIS�STUDY�WE�APPLY�FOUR�DIFFERENT�TIME�SERIES�MODELS�TO�SIZE�AT�AGE�OBSERVATIONS�FROM����SPECIES�IN

THE�&ALIFORNIA�&URRENT�ECOSYSTEM��7WO�MODELS� FOCUS�ON� TEMPORAL�VARIATION� IN�VON�%ERTALANFFY� 	9%


GROWTH�PARAMETERS��ONE�USES�DYNAMIC�FACTOR�ANALYSIS�TO�RELATE�COHORT�SPECIFIC�9%�GROWTH�PARAMETERS

TO�ENVIRONMENTAL�COVARIATES�WHILE�THE�OTHER�IS�A�STATE�SPACE�9%�MODEL�IN�WHICH�BOTH�COVARIATES�AND

GROWTH�PARAMETERS�ARE�AUTOREGRESSIVE�PROCESSES��7HE�OTHER�TWO�MODELS�ARE�MORE�EMPIRICAL�IN�NATURE�

ONE�MODELS�COHORT�SPECIFIC�SIZE�AT�AGE�AS�AN�AUTO�REGRESSIVE�PROCESS�WHILE�THE�OTHER�ESTIMATES�TRENDS

IN� SIZE�AT�AGE�WHILE� ACCOUNTING� FOR� BOTH� SPATIAL� AND� SPATIO�TEMPORAL� COVARIATIONS�� $LL�MODELS� ALSO

CONSIDER� OTHER� COVARIATES� INFLUENCING� GROWTH� INCLUDING� FISHING� PRESSURE� POPULATION� DENSITY� AND

FISHERY�SELECTIVITY��$PPLYING�THESE�DIFFERENT�APPROACHES�OF�VARYING�COMPLEXITY�ALLOWS�FOR�	I
�COMPARING

THEIR�EFFICIENCY�IN�CAPTURING�AND�EXPLAINING�GROWTH�PATTERNS�AND�	II
�A�ROBUST�EVALUATION�OF�WARMING

IMPACT� ON� GROWTH� COMPARED� TO� VARIATION� INDUCED� BY� OTHER� FACTORS�� 7HIS� NOVEL� STUDY� PROVIDES� A

FRAMEWORK�WHICH�CAN�BE�APPLIED�TO�SIZE�AT�AGE�DATA�FROM�OTHER�ECOSYSTEMS�IN�ORDER�TO�GAIN�A�GLOBAL

PERSPECTIVE�ON�CLIMATE�CHANGE�IMPACTS�ON�FISH�GROWTH�AND�FISHERIES�YIELDS�

.EYWORDS��CLIMATE�CHANGE�FISH�GROWTH�TEMPERATURE�SIZE�RULE�RANDOM�EFFECTS�STATE�SPACE�MODELS

DYNAMIC�FACTOR�ANALYSIS
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