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Preparation of this document

Preparation of this document started with the appointment of a task team within the FAO
Fisheries and Aquaculture Department, led by Manuel Barange (Director) and including
Tar(b Bahri (Marine fisheries), Malcolm Beveridge (Aquaculture), Simon Funge-Smith
(Inland fisheries), Ari Gudmundsson (Mitigation), Daniela Kalikoski (Poverty nexus),
Florence Poulain (Adaptation), Stefania Vannuccini (Supply and demand evolution)
and Sylvie Wabbes (Extreme events). The task team designed the draft contents of the
Technical Paper, and took responsibility for structuring the different sections. At a later
stage the task team took responsibility for commissioning and receiving reviews of the
different chapters.

The tirst workshop of technical experts took place in Rome, at the FAO headquarters
on 28 to 29 July 2017, bringing together approximately 30 participants, many of whom
were identified as leading contributors. The objectives of this workshop were to
design the contents and objectives of a Technical Paper that would provide synthetic
information aimed primarily at policymakers, fisheries managers and practitioners,
with a view to assisting countries in the development of their Nationally Determined
Contributions (NDCs) and complementary needs.

The different chapters were commissioned to international experts, who submitted
their first drafts prior to the second workshop of technical experts, held also at FAO
in Rome on 15 to 17 January 2018. All chapter leads attended the workshop. At the
meeting the chapters were discussed and debated, and the adaptation strategies agreed
upon. Extensive conversations were held to ensure consistency of format and messaging,
and to identify gaps in knowledge and/or geographical coverage. The experts were then
requested to revise and re-submit their drafts for final consideration, and additional
chapters were also commissioned.

All the chapters were peer-reviewed before being accepted (see Acknowledgements),
and a technical editor (Professor Kevern Cochrane, Rhodes University, South Africa)
was appointed to ensure consistency in the use of language and concepts. To ensure
uncertainty statements were not only consistent but well-aligned to parallel endeavours,
authors and editors were asked to be guided in their statements by the IPCC guidance
note on the consistent treatment of uncertainties (Mastrandrea et al., 2010). Language
editing, formatting and layout were provided by Dawn Ashby (Plymouth Marine
Laboratory, UK) and Claire Attwood and Wendy Worrall (Fishmedia, South Africa).
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Abstract

The 2015 Paris Climate Agreement recognizes the need for effective and progressive
responses to the urgent threat of climate change, through mitigation and adaptation
measures, while taking into account the particular vulnerabilities of food production
systems. The inclusion of adaptation measures in the fisheries and aquaculture sector
is currently hampered by a widespread lack of targeted analyses of the sector’s
vulnerabilities to climate change and associated risks, as well as the opportunities
and responses available. This report provides the most up-to-date information on the
disaggregated impacts of climate change for marine and inland fisheries, and aquaculture,
in the context of poverty alleviation and the differential dependency of countries on fish
and fishery resources. The work is based on model projections, data analyses, as well as
national, regional and basin-scale expert assessments. The results indicate that climate
change will lead to significant changes in the availability and trade of fish products,
with potentially important geopolitical and economic consequences, especially for those
countries most dependent on the sector.

In marine regions model projections suggest decreases in maximum catch potential
in the world’s exclusive economic zones of between 2.8 percent and 5.3 percent by 2050
according to greenhouse gas emission scenario RCP2.6, and between 7.0 percent and
12.1 percent according to greenhouse gas emission scenario RCP8.5, also by 2050. While
at the global scale this average is not particularly large, the impacts are much greater at
regional scale, because projected changes in catch potential vary substantially between
regions. Although estimates are subject to significant variability, the biggest decreases
can be expected in the tropics, mostly in the South Pacific regions. For the high latitude
regions, catch potential is projected to increase, or show less of a decrease than in the
tropics. It is important to note that these projections only reflect changes in the capacity
of the oceans to produce fish, and do not consider the management decisions that may
or may not be taken in response. It is concluded that the interaction between ecosystem
changes and management responses is crucial to minimize the threats and maximize the
opportunities emerging from climate change. Production changes are partly a result of
expected shifts in the distribution of species, which are likely to cause conflicts between
users, both within and between countries.

The vulnerability of marine fisheries to climate change and existing and potential
responses to adapt to the changes are examined in more detail for 13 different marine
regions covering a range of ecological, social and economic conditions. It is concluded
that adaptations to climate change must be undertaken within the multifaceted
context of fisheries, with any additional measures or actions to address climate change
complementing overall governance for sustainable use. It is recognized that some of
these measures will require institutional adaptation.

In relation to inland fisheries the Technical Paper highlights that in the competition
for scarce water resources the valuable contributions of inland fisheries are frequently
not recognized or undervalued. The Paper assesses country by country impacts and
provides indications of whether levels of stress are expected to change and to what
extent. Pakistan, Iraq, Morocco and Spain are highlighted as countries that are currently
facing high stresses that are projected to become even higher in the future. Myanmar,
Cambodia, the Congo, the Central African Republic and Colombia, are among the
countries that were found to be under low stress at present and are projected to remain
under low stress in the future. The implications of climate change for individuals,
communities and countries will depend on their exposure, sensitivity and adaptive



capacity, but in general they can be expected to be significant. Some positive impacts
are also identified, like increased precipitation leading to the expansion and improved
connectivity between some fish habitats, but to take advantage of them, new investments
as well as flexibility in policies, laws and regulations, and post-harvest processes are
needed. It is recommended that adaptive management measures be within the framework
of an ecosystem approach to fisheries to maximize success.

Short-term climate change impacts on aquaculture can include losses of production
and infrastructure arising from extreme events such as floods, increased risks of diseases,
parasites and harmful algal blooms. Long-term impacts can include reduced availability
of wild seed as well as reduced precipitation leading to increasing competition for
freshwater. Viet Nam, Bangladesh, the Lao People’s Democratic Republic and China
were estimated to be the most vulnerable countries in Asia, with Belize, Honduras,
Costa Rica and Ecuador the most vulnerable in the Americas, for freshwater aquaculture.
Uganda, Nigeria and Egypt were found to be particularly vulnerable in Africa. In the
case of brackish water production, Viet Nam, Egypt and Thailand emerged as having
the highest vulnerabilities. For marine aquaculture, Norway and Chile were identified
as being the most vulnerable, due to their high production, although China, Viet Nam,
the Philippines and Madagascar were also considered to be highly vulnerable. Climate-
driven changes in temperature, precipitation, ocean acidification, incidence and extent
of hypoxia and sea level rise, amongst others, are expected to have long-term impacts in
the aquaculture sector at multiple scales. Options for adaptation and resilience building
are offered, noting that interactions between aquaculture, fisheries and agriculture can
either exacerbate the impacts or help create solutions for adaptation.

The Technical Paper also investigates the impacts of extreme events, as there is
growing confidence that their number is on the increase in several regions, and is related
to anthropogenic climate change. Climate-related disasters now account for more than
80 percent of all disaster events, with large social and economic impacts. Not all extreme
events necessarily result in a disaster, and the extent of their impacts on fisheries and
aquaculture will depend on how exposed and vulnerable the socio-ecological systems
are as well as their capacity to respond.

An often unrecognized impact of climate change is on food safety, for example
through changes in the growth rates of pathogenic marine bacteria, or on the incidence
of parasites and food-borne viruses. Climate change may also bring increased risks
for animal health, particularly in the rapidly growing aquaculture sector, for example
by changing the occurrence and virulence of pathogens or the susceptibility of the
organisms being cultured to pathogens and infections. Effective biosecurity plans that
emphasize prevention are essential.

In the final sections the Technical Paper recognizes that the impacts of climate change
on the fisheries and aquaculture sector will be determined by the sector’s ability to
adapt. Guidance on the tools and methods available to facilitate and strengthen such
adaptation is provided. Because each specific fishery or fishery/aquaculture enterprise
exists within unique contexts, climate change adaptations must start with a good
understanding of a given fishery or aquaculture system and a reliable assessment of
potential future climate change. The Paper provides information on the tools available
to inform decision-makers of particular adaptation investments and of the process to
develop and implement adaptation strategies. It presents examples of tools within three
primary adaptation entries: institutional and management, those addressing livelihoods
and, thirdly, measures intended to manage and mitigate risks and thereby strengthen
resilience. It is noted that adaptation should be implemented as an ongoing and iterative
process, equivalent in many respects to adaptive management in fisheries.

Finally, the contributions of the sector to global emissions of carbon dioxide are
presented. Globally, fishing vessels (including inland vessels) emitted 172.3 million tonnes
of CO; in 2012, about 0.5 percent of total global CO, emissions that year. For the



aquaculture industry, it was estimated that 385 million tonnes of CO, equivalent
(CO; e) was emitted in 2010, around 7 percent of those from agriculture. While the
sector is a small contributor, options for reducing fuel use and greenhouse gas emissions
are identified. In the case of capture fisheries, reductions of between 10 percent and
30 percent could be attained through use of efficient engines, larger propellers, as well
as through improving vessel shapes or simply by reducing the mean speed of vessels.
There are also opportunities to reduce greenhouse gas emissions in aquaculture, which
include improved technologies to increase efficiency, use of renewable energy sources,
and improving feed conversion rates, among others.

The Technical Paper highlights the multifaceted and interconnected complexity of
fisheries and aquaculture, through which direct and indirect impacts of climate change
will materialize. Efforts to adapt to and mitigate climate change should be planned and
implemented with full consideration of this complexity. Failure to do so would increase
inefficiency and maladaptation, exacerbating rather than reducing impacts.

Finally, the Technical Paper is a reminder of the critical importance of fisheries and
aquaculture for millions of people struggling to maintain reasonable livelihoods through
the sector. These are the people who are most vulnerable to the impacts of climate
change, and particular attention needs to be given to them while designing adaptation
measures if the sector is to continue to contribute to meeting global goals of poverty
reduction and food security.

Barange, M., Bahri, T., Beveridge, M.C.M., Cochrane, K.L., Funge-Smith, S. &
Poulain, E, eds. 2018.
Impacts of climate change on fisheries and aquaculture: synthesis of current knowledge,

adaptation and mitigation options.
FAO Fisheries and Aquaculture Technical Paper No. 627. Rome, FAO. 628 pp.
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Foreword

By 2050 humans will face the challenge of having to provide food and livelihoods to a
population likely to exceed nine billion people. This challenge is well reflected in the
United Nations Agenda 2030 for Sustainable Development, a global commitment to end
poverty and hunger and to ensure that economic, social and technological progress occurs
in harmony with nature, through the sustainable management of natural resources.

An additional consideration to the above challenge is that it will have to be met at a
time when the effects of climate change will be increasingly prominent. The two cannot
be separated and, indeed, the 2015 Paris Climate Agreement of the United Nations
Framework Convention on Climate Change (UNFCCC) explicitly recognizes the
fundamental priority of safeguarding food security and ending hunger when taking
climate action.

One of the novelties of the Paris Climate Agreement is the inclusion of a long-term
adaptation goal — ro increase the ability to adapt to the adverse impacts of climate change
and foster climate resilience .../... in a manner that does not threaten food production —
alongside the goal for mitigation. It also notes that the level of adaptation needed will
be determined by the success of mitigation activities. To implement the Agreement
member states are required to prepare, communicate and maintain successive Nationally
Determined Contributions (NDCs), submitted every five years to the UNFCCC
secretariat. The next round of NDCs (new or updated) is to be submitted by 2020.

This FAO Technical Paper emerges from the above challenges, first in recognition of the
significant role that fisheries (both marine and inland) and aquaculture play in addressing
them. The fisheries and aquaculture sector supports the livelihoods of between 10 percent
and 12 percent of the world’s population, and in the last five decades its production has
significantly outpaced population growth (FAO, 2016), thus increasing its contribution
to food security and nutrition (HLPE, 2014). Second, while the fisheries and aquaculture
sectors are included in the NDCs of approximately 60 countries, the level of ambition is
typically low, partially because of the difficulty of making explicit sectoral commitments
when climate change projections remain highly uncertain.

In 2009, and in response to a request from the twenty-seventh session of the
Committee on Fisheries (COFI), the FAO Fisheries and Aquaculture Department
undertook a scoping study to identify the key issues in relation to climate change and
fisheries through three comprehensive technical papers (Cochrane ez al., eds., 2009).
Nine years later the political framework has dramatically evolved, the evidence has
increased exponentially, as has the importance of marine and ocean matters in climate
change circles. For example, in 2016 the Intergovernmental Panel on Climate Change
(IPCC) commissioned a Special Report on Oceans and the Cryosphere in a Changing
Climate (SROCC), to report in 2019.

This Technical Paper is intended to update the Cochrane ez al., eds. (2009) Technical
Paper, and be of fundamental use to countries in their NDC development and
implementation, including resource mobilization efforts. In this context it is significant
to note that Article 9 of the Paris Climate Agreement stipulates that financial resources
will be provided to assist developing country Parties with respect to their mitigation and
adaptation obligations.

It is often mentioned that the fisheries and aquaculture sector is extremely dynamic
and used to dealing with change, as historical patterns of changes in marine resources
demonstrate (Baumgartner, Soutar and Ferreira-Bartrina, 1992), but the magnitude
and uni-directionality of future climate-driven changes demand greater preparedness
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in responding to the changes. For example the Fifth Assessment Report of the IPCC
concludes, with high confidence, that global marine species redistribution and marine
biodiversity reduction in sensitive regions will challenge the sustained provision of
fisheries productivity by the mid-twenty-first century (IPCC, 2014). Biodiversity
reductions in sensitive areas, such as northern latitudinal basins, are also expected in
freshwater ecosystems (Comte and Olden, 2017). Preparedness is indeed essential to
translate changes into opportunities, while the opposite leads to maladaptation and
unfulfilled prospects. Furthermore, the IPCC notes that adaptation is place- and
context-specific, with no single approach for reducing risks being appropriate across all
settings (IPCC, 2014). Understanding the direction, speed, intensity and place of change
is thus a prerequisite to effective adaptation.

A fundamental principle in the preparation of this Technical Paper was that the report
would not provide a comprehensive review of all the available evidence of, and possible
responses to climate change, but that it would be a synthetic volume aimed primarily
at policymakers, fisheries managers and practitioners, with a view to assisting countries
in the development of their NDCs. The work (see Preparation of this document) was
tailored around two technical workshops in Rome (July 2017 and January 2018), and
engaged over 100 contributors.

The Technical Paper recognizes the importance of contextualizing the topic of climate
change in fisheries and aquaculture in terms of poverty alleviation and the existing policy
commitments such as UN Agenda 2030 and the Paris Climate Agreement (Chapter 2),
and the current and expected socio-economic dependencies of the sector (Chapter 3).
It was designed to include marine (Chapters 4 to 17) and inland (Chapters 18, 19, 26)
capture fisheries, as well as aquaculture (Chapters 20 to 22), recognizing that the level of
evidence and responses at global, regional and national scales differs between subsectors.
While model projections for marine catch potential were computed for all countries,
with the time and resources available it was not possible to provide dedicated chapters
for all regions. However, every effort was made to ensure reasonably comprehensive
geographical coverage that would provide good representation of the types of changes,
impacts and responses that are taking place in the sector as a whole. Figure 1 illustrates
the geographical areas covered by the marine fisheries projections and the regional
chapters. While inland fisheries are addressed for all the major fish producers, Figure 1
also illustrates the location of the eight major river basins discussed in detail in Chapter
19. Aquaculture impacts are discussed according to their vulnerability and adaptation
options, supported by case studies, in Chapter 21.

It was also agreed to consider disasters and extreme events (Chapter 23) and health and
food safety hazards (Chapter 24) in addition to the impacts of long-term patterns of change.
All these pieces of evidence were translated into effective and explicit adaptation (Chapter
25) and mitigation (Chapter 27) strategies and tools, also taking into consideration the
potential adaptations to climate change from other sectors (Chapter 26).

It is hoped that the Technical Paper will be used extensively in the development of
programmes of work, particularly in relation to adaptation measures to climate change
in the sector, by UN agencies, national institutions and NGOs.

The different chapters were commissioned to international experts, who submitted their
drafts prior to the second expert workshop, held in Rome on 15 to 17 January 2018. At the
workshop the chapters were discussed and debated, and the options and measures available
for adaptation agreed upon. The experts were then requested to revise and re-submit their
drafts for final consideration. All the chapters were peer-reviewed before being accepted,
and a technical editor was appointed to ensure consistency in the use of language and
concepts. To ensure any uncertainty statements presented in the chapters were not only
consistent but well-aligned to parallel endeavours, authors and editors were guided by the
IPCC guidance note on the consistent treatment of uncertainties (Mastrandrea et al., 2010).
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FIGURE 1
Conceptual map of the geographic areas covered by the Technical Paper. Figure 1a. Country projections of marine fisheries
catch presented in Chapter 4. Pressures on inland fisheries in 26 subregions and 149 individual countries are presented in
Chapter 19. Country by country analysis of aquaculture is presented in Chapter 21. Figure 1b. Areas covered by the marine
regional fisheries Chapters 5 to 17; the map also shows the location of the eight major river basins, the fisheries of which
were assessed in the case studies presented in Chapter 19
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Chapter 1: Climate change and
aquatic systems

Tar(b Bahri, Manuel Barange and Hassan Moustahfid
FAO Fisheries and Aquaculture Department, Rome, Italy

KEY MESSAGES

® The warming of the climate system is unequivocal. The atmosphere and ocean
have warmed, the amounts of snow and ice have diminished and sea level has
risen. The uptake of additional energy in the climate system is caused by the
increase in the atmospheric concentration of carbon dioxide (CO,) and other
greenhouse gases (GHGs).

® CO, concentrations have increased by 40 percent since pre-industrial times,
primarily from fossil fuel emissions and secondarily from net land use change
emissions. It is thus extremely likely that human influence has been the dominant
cause of the observed warming since the mid-twentieth century.

® The ocean has absorbed 93 percent of this additional heat and sequestered
30 percent of the emitted anthropogenic CO,. Over the period 1901 to 2010,
global mean sea level also rose by 0.19 m.

® Aquatic systems that sustain fisheries and aquaculture are undergoing significant
changes as a result of global warming and projections indicate that these changes
will be accentuated in the future.

e A range of scenarios for atmospheric concentrations of GHGs are used to model
and project future climates; most of these scenarios indicate that a large fraction
of anthropogenic climate change is irreversible for centuries to come even after
complete cessation of anthropogenic CO, emissions.

* In many regions, climate change is affecting precipitation and melting of snow
and ice, altering hydrological systems and affecting water resources in terms of
quantity and quality. Projections show that rainfall can be expected to increase in
equatorial areas and decrease elsewhere.

* Temperature of water bodies is increasing across the globe, which results in more
pronounced stratification of the water column, with more dramatic consequences
for freshwater systems than for oceans because of their shallowness and lower
buffering capacity.

® Dissolved oxygen levels decrease with increased temperature, and oxygen
minimum zones in the oceans have expanded over the last decades, both in coastal
and offshore areas. This trend is expected to continue.

e Global and local ocean circulation is changing, with a weakening of patterns
such as the Gulf Stream and the California Current upwelling, and an increase in
upwelling in other areas, such as in the Canary, the Humboldt and the Benguela
Current systems. Responses are still heterogeneous and predictions have low
confidence.

 The absorption of increasing amounts of anthropogenic CO, by the oceans results
in acidification of waters, with potentially detrimental impacts on shell-forming
aquatic life; water acidity has increased by 26 percent since the industrial revolution
and this trend will continue, especially in warmer low- and mid-latitudes.
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® Primary production in the oceans has been projected to decrease by three percent
to nine percent by 2100; in freshwater systems observations vary depending
on the area, but overall, forecasts are highly uncertain for both marine and
freshwater systems because primary production is an integrator of changes in
light, temperature and nutrients.

1.1 INTRODUCTION

Since 1988 the Intergovernmental Panel on Climate Change! (IPCC) has been
providing regular, evidence-based updates on climate change and its political and
economic impacts. These updates comprehensively synthesize the internationally
accepted consensus on the science of climate change, its causes and consequences.
Based largely on the 5th IPCC Assessment Report (AR5), and recent scientific
literature, this chapter provides an overview of the major impacts of climate change
on the dynamics of aquatic systems (oceans, seas, lakes and rivers), and particularly on
the aspects that relate to aquatic food production, i.e. fisheries and aquaculture. While
more detailed information on the impacts of climate change on these food production
systems is available in subsequent chapters of this publication, this chapter focuses
specifically on providing basic information on the underlying drivers of climate change
and on how they translate into biophysical changes in aquatic systems. Its purpose is
to contextualize the different chapters and set up a knowledge baseline that avoids the
need for repetition in subsequent chapters.

1.2 OBSERVED CHANGES IN THE CLIMATE SYSTEM

Information on the climate system is based on multiple lines of evidence, which include
direct and indirect observations and historical reconstructions going back thousands
of years as well as more recent instrumental observations, conceptual and numerical
models, including radiative and heat budgets. Based on analysis of these data, and
notwithstanding the uncertainties associated with knowledge and data gaps, the IPCC
AR5 concluded that the warming of the climate system was unequivocal, and that
many of the observed changes since 1950 are unprecedented compared with preceding
decades to millennia. At the global level, the Earth’s average surface temperature has
increased by more than 0.8 °C since the middle of the nineteenth century, and is now
warming at a rate of more than 0.1 °C every decade (Hansen er al., 2010). Heat waves
are more frequent now, even though the reliability of data and level of certainty vary
across continents (Hartmann et al., 2013).

The largest contribution to this warming is believed to be from the increase in
atmospheric concentration of GHGs, such as CO,, methane CH, and nitrogen dioxide
NO,. GHGs act like a thermal blanket around the planet and are responsible for
allowing life on Earth to exist (IPCC, 2014). The exponential increase in the emission
of GHGs since the industrial revolution has resulted in atmospheric concentrations of
these gases that are unprecedented in the last 800 000 years. For example, atmospheric
CO, concentrations increased from 278 ppm in the middle of the eighteenth century
to around the current level of 400 ppm (See Figure 6.25 in Ciais et al., 2013). The
IPCC ARS5 has also concluded that it is extremely likely that humans have been the
dominant cause of the observed warming since the mid-twentieth century, through

! The IPCC is the international body for assessing the science related to climate change, set up in 1988 by
the World Meteorological Organization and the United Nations Environment Programme. The IPCC
periodically issues special reports on specific themes, as well as global assessment reports based on
published scientific information and taking stock of the most recent scientific evidence of climate impacts
and proposed adaptation and mitigation responses. These reports are intended for policymakers and
constitute the scientific basis for the international negotiations within the United Nations Framework

Convention on Climate Change (UNFCCCQ). http://www.ipcc.ch
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the association of GHG emissions with gas and oil combustion, deforestation, and
intensive agriculture.

Only one percent of the additional heat caused by anthropogenic climate change is
retained in the atmosphere, whilst 93 percent has been absorbed by the global ocean.
The remaining three to four percent is absorbed by the melting of ice and snow (Figure
1.1). The ocean’s heat buffer is thus enormous and any small change in the balance of
heat between ocean and atmosphere would have huge impacts on global air temperature
(Reid, 2016). In addition to its thermal capacity, the ocean has also sequestered about
25 percent of the CO, released as a result of anthropogenic activities (Le Quéré et al.,
2018), playing a crucial role in the regulation of the Earth’s climate.

FIGURE 1.1
Flow and storage of energy in the Earth’s climate system
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Source: Reid, 2016.

BOX 1.1
El Nifio Southern Oscillation

The El Nifo-Southern Oscillation, or ENSO, is the interaction between the
atmosphere and ocean in the tropical Pacific that results in three to seven year
periodic oscillations in the temperature of surface waters of the equatorial Pacific,
between particularly warm and cold temperatures, referred to as El Nifio and La
Nifia respectively. The release of heat from the ocean to the atmosphere during El
Nifio events is known to cause changes in global atmospheric circulation, cyclone and
hurricane patterns, monsoons, and heat and precipitation patterns, with associated
drought and flooding episodes (Reid, 2016). The effects are felt worldwide, with
consequences for marine and freshwater systems throughout the food web, including
species sustaining fisheries.

The interactions between anthropogenic climate change and ENSO cycles have
challenged scientists for decades. Since the publication of the IPCC AR5, there have
been a number of modelling studies that have shown an increasing frequency of
extreme El Nifio events as a result of climate change (e.g. Cai et al., 2014, 2015; Wang
et al., 2017). It is significant, in this context, that the 1982/83, 1997/98 and most recent
2015/16 El Nifio events were not just the most intense in the modern observational
record but also the most peculiar, exhibiting unusual characteristics distinct from any
other observed events (Santoso, Mcphaden and Cai, 2017).



Impacts of climate change on fisheries and aquaculture

1.3 FUTURE CHANGES IN THE CLIMATE SYSTEM

In order to assess and forecast future possible changes in the climate system, the IPCC
uses a hierarchy of climate models that simulate changes based on a set of scenarios of
anthropogenic forcing. These scenarios take the form of representative concentration
pathways (RCPs), which simulate possible ranges of heat or radiative forcing values
in the year 2100, relative to pre-industrial values (+2.6 W/m?, +4.5 W/m?, +6.0 W/m?,
and +8.5 W/m?, respectively?). The four RCPs are based on certain socio-economic
assumptions (possible future trends e.g. population size, economic activity, lifestyle,
energy use, land use patterns, technology and climate policy), which provide flexible
descriptions of possible futures. RCP2.6 is consistent with an emissions pathway that
leads to very low GHG concentration levels and is thus a “peak-and-decline” scenario.
RCP4.5 and RCP6.0 reflect two stabilization scenarios in which total radiative forcing
is stabilized shortly after 2100 with differential speed, while RCP8.5 is characterized by
increasing GHG emissions over time, representative of scenarios in the literature that
lead to high GHG concentration levels (van Vuuren et al., 2011).

It is estimated for all RCP scenarios except for RCP2.6 that global atmospheric
temperature change for the end of the twenty-first century is likely to exceed 1.5 °C
relative to the average of the 1850 to 1900 period. It is likely to exceed 2 °C for RCP6.0
and RCP8.5, but more likely not to exceed 2 °C for RCP4.5. Warming is forecast to
continue beyond 2100 under all RCP scenarios except RCP2.6, although there will be
interannual-to-decadal variability and regional heterogeneity (IPCC, 2014). A large
fraction of anthropogenic climate change is considered to be irreversible for centuries
to come, and possibly even millennia, even after a complete cessation of anthropogenic
CO, emissions (IPCC, 2014; Solomon er al., 2009) (Figure 1.2).

1.4 IMPLICATIONS FOR AQUATIC SYSTEMS

1.4.1 Hydrological cycle and rainfall patterns

The warming of the climate has significant implications for the hydrological cycle.
Changing precipitation, temperature and climatic patterns and the melting of snow and
ice affect the quantity, quality and seasonality of water resources, leading to inevitable
changes in aquatic ecosystems. Climate change is already causing permafrost warming
and thawing in high-latitude regions, and in high-elevation regions it is driving glacier
shrinkage, with consequences for downstream water resources (IPCC, 2014 — AR5
synthesis report p. 51). In the marine systems, the melting of the Arctic sea ice has the
potential to disrupt or slow down the global ocean conveyor belt (Liu ez al., 2017; also
see ocean circulation section below).

Observed precipitation changes since 1901 vary across regions with some such
as the mid-latitude land areas of the Northern Hemisphere showing likely increases
while others have shown decreases, but with low confidence (Hartmann et al., 2013).
However, models indicate that zonal mean precipitation is very likely to increase in
high latitudes and near the equator, and decrease in the subtropics (Ren ez al., 2013). In
California, in the Mediterranean basin, as well as in the already arid zones, droughts are
expected to be longer and more frequent, and there will be reductions in river flows.
As discussed in Chapter 19, precipitation changes at the regional scale will be strongly
influenced by natural variability.

2 W/m?= Watts per square metre
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The bars represent the maximum possible spread

Atmospheric CO,

(a) Atmospheric CO, and (b) projected global mean atmospheric (surface) changes for
the four RCPs up to 2500 (relative to 1986 to 2005). The dashed line on (a) indicates
the pre-industrial CO, concentration. (c) Sea level change projections according to GHG
concentrations (low: below 500 ppm as in RCP2.6; medium: 500 ppm to 700 ppm as in
RCP4.5; high: above 700 ppm and below 1500 ppm as in RCP6.0 and RCP8.5).
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In the twentieth century, global river discharges have not demonstrated changes
that can be associated with global warming. However, as most large rivers have
been impacted by human influences such as dam construction, water abstraction and
regulation, it is difficult to be conclusive. Despite uncertainties, it is expected that the
contribution of snowmelt to river flows will increase in the near future (Jha et al.,
2006; Pervez and Henebry, 2015; Siderius et al., 2013). Changes in precipitation will
substantially alter ecologically important attributes of flow regimes in many rivers and
wetlands and exacerbate impacts from human water use in developed river basins.

The frequency and intensity of heavy precipitation events over land are also likely
to increase in the short-term, although this trend will not be apparent in all regions
because of natural variability. There is low confidence in projections of changes in
the intensity and frequency of tropical cyclones in all basins to the mid-twenty-first
century (Kirtman et al., 2013).

1.4.2 Water temperature

Anthropogenic forcing has made a substantial contribution to the upper ocean
warming (above 700 m) that has been observed since the 1960s (Cheng et al., 2017),
with the surface waters warming by an average of 0.7 °C per century globally from
1900 to 2016 (Huang et al., 2015). Ocean temperature trends over this period vary in
different regions but are positive over most of the globe, although the warming is more
prominent in the Northern Hemisphere, especially the North Atlantic. The upper ocean
(0 m to 700 m) accounts for about 64 percent of the additional anthropogenic energy
accumulated in oceans and seas. Upper ocean warming is expected to continue in the
twenty-first century, especially in the tropical and Northern Hemisphere subtropical
regions, whereas in deep waters the warming is expected to be more pronounced in
the Southern Ocean. The trend in sea surface temperature already exceeds the range
in natural seasonal variability in the subtropical areas and in the Arctic (Henson et
al., 2017). Best estimates of mean ocean warming in the top 100 m by the end of the
twenty-first century are about 0.6 °C (RCP2.6) to 2.0 °C (RCP8.5), and about 0.3 °C
(RCP2.6) to 0.6 °C (RCP8.5) at a depth of about 1 000 m compared to the 1986 to 2005
average (IPCC, 2014).

For freshwater systems, an increase of water temperature is expected to occur
in most areas, as a result of an increase of air temperature. This is linked to the
relatively shallow nature of surface freshwaters and their susceptibility to atmospheric
temperature change. Harrod et al. (Chapter 18, this volume) analysed a set of river
basins on all continents and found that an increase of up to 1.8 °C in water temperature
is expected, with geographical heterogeneities, including areas where the increase
is expected to be minor, such as in the Lower Mekong river basin. There is a high
confidence that rising water temperatures will lead to shifts in freshwater species’
distributions and exacerbate existing problems in water quality, especially in those
systems experiencing high anthropogenic loading of nutrients (IPCC, 2014).

1.4.3 Oxygen content

Dissolved oxygen is an important component of aquatic systems. Changes in its
concentrations have major impacts on the global carbon and nitrogen cycles IPCC,
2014). The average dissolved oxygen concentration in the ocean varies significantly,
ranging from super-saturated Antarctic waters to zero in coastal sediments where
oxygen consumption is in excess of supply over sufficient periods of time. A large
variety of such systems exist, including the so-called oxygen minimum zones (OMZs) in
the open ocean, coastal upwelling zones, deep basins of semi-enclosed seas, deep fjords,
and other areas with restricted circulation (Figure 1.3), but the discovery of widespread

decreases in oxygen concentrations in coastal waters since the 1960s, and the expansion
of the tropical OMZs in recent decades (IPCC, 2014) has raised concerns. GHG-
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driven global warming is the likely ultimate cause of this ongoing deoxygenation in
many parts of the open ocean (Breitburg et al., 2018). Ocean warming, which reduces
the solubility of oxygen in water, is estimated to account for approximately 15 percent
of current total global oxygen loss and more than 50 percent of the oxygen loss in the
upper 1 000 m of the ocean. Intensified stratification is estimated to account for the
remaining 85 percent of global ocean oxygen loss by reducing ventilation. Modelling
simulations show that the global volume of OMZs is expected to increase by 10 percent
to 30 percent by 2100, depending on the oxygen concentration threshold considered.
Beyond 2100, the trend could reverse with a decrease of global volume of OMZs (Fu ez
al., 2018). However, modelling results are associated with a high uncertainty because of
the discrepancy between observations and modelled trends (Bopp ez al., 2013).
Oxygeninfluences biological and biogeochemical processes at their most fundamental
level, but the impacts are very dependent on widely varying oxygen tolerances of
different species and taxonomic groups. In particular, the presence and expansion of
low oxygen in the water column reduces vertical migration depths for some species (e.g.
tunas and billfishes), compressing vertical habitat and potentially shoaling distributions
of fishery species and their prey (Eby and Crowder 2002; Chapter 12, this volume).

FIGURE 1.3

Coastal sites where anthropogenic nutrients have exacerbated or caused O, declines to
<2 mg/litre (<63 pmol/litre) (red dots), as well as ocean oxygen minimum zones at 300 m
of depth (blue shaded regions)
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Source: Breitburg et al., 2018.

1.4.4 Ice coverage

Over the period 1979 to 2012 the average annual extent of Arctic sea ice decreased at a
rate of 3.5 percent to 4.1 percent per decade, and the extent of perennial sea ice (summer
minimum) decreased by 11.5 percent + 2.1 percent per decade. It is also very likely that
the average annual extent of Antarctic sea ice increased by 1.2 percent to 1.8 percent
per decade over the same period (Vaughan et al., 2013). Almost all glaciers worldwide
have shrunk: between 2003 and 2009, most of the ice loss was from glaciers in Alaska,
the Canadian Arctic, the periphery of the Greenland ice sheet, the Southern Andes and
the Asian Mountains (Vaughan et al., 2013). In the near future, as global mean surface
temperature continues to rise, it is very likely that there will be further shrinking and
thinning of Arctic sea ice cover and decreases in the northern high-latitude springtime
snow cover and near surface permafrosts. On the other hand, there is low confidence
in projected short-term decreases in the Antarctic sea ice extent and volume (Bindoff
et al., 2013).
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Melting of ice and snow coverage and reduction of mountain glaciers contribute to
water levels and flows in aquatic systems. Sea level rise is a direct consequence of ice
melting and, as discussed below, is expected to have impacts in the long-term, whereas
the reduction of mountain glaciers will have an impact on river flow and lake levels
over the short term, until their likely disappearance in the medium-term.

1.4.5 Sea level

In the recent past, sea level has increased by an average of 3.1 mm/year as a result of
climatic and non-climatic factors (Dangendorf et al., 2017). The rate of increase shows
a high variability across regions, with values up to three times the global average in the
Western Pacific or null or negative values in the Eastern Pacific. Sea level has already risen
by a global mean of 0.19 m over the period 1901 to 2010. It is estimated that between
2000 and 2100, the projected global mean sea level rise (SLR) will very likely (90 percent
probability) reach between 0.5 m and 1.2 m under RCP8.5, 0.4 m to 0.9 m under RCP4.5,
and 0.3 m to 0.8 m under RCP2.6 (Kopp et al., 2014). There is a high certainty that the sea
level will rise in 95 percent of the ocean area; however, there will be a significant regional
heterogeneity in the SLR and thus in its consequences (IPCC, 2014).

1.4.6 Ocean circulation
Ocean circulation redistributes heat and freshwater across the globe, influencing local
climates. A significant part of this redistribution is done by the meridional overturning
circulation (MOC), responsible for much of the ocean’s capacity to carry excess
heat from the tropics to middle and high latitudes, and for the ocean’s sequestration
of carbon. While the timing of changes is still under debate, partially because of its
observed short-term variability (Cunningham et al., 2007), it appears clear that the
Atlantic meridional overturning circulation (AMOC) is progressively weakening,
resulting in a cooling of sea surface temperature in the subpolar Atlantic Ocean and
a warming and northward shift of the Gulf Stream (Caesar et al., 2018; Thornalley
et al., 2018). While it is very likely that the AMOC will overall continue to weaken
over the twenty-first century, with significant inter-decadal variability, the rate and
magnitude of weakening is very uncertain. This is mostly because the predictability
of the AMOC varies among models and their realism cannot be easily judged in the
absence of a sufficiently long record of observation-based AMOC values. Whether the
AMOC will undergo an abrupt transition or collapse after the twenty-first century is
an open question and a strong candidate for further research and understanding of the
dynamical behaviour of coupled climate models; their predictability, inherent biases,
improved parameterizations and confidence of validation of their results against past
and continuing observations (Collins et al., 2013; Liu er al., 2017; Sgubin et al., 2017).
There is also low confidence in assessing the evolution of the AMOC beyond the
twenty-first century because of the limited number of analyses and equivocal results.
The consequences of the AMOC weakening would include a disruption of climate
patterns in the subtropical Atlantic that would translate into an increased storminess
and frequency of heat waves, as well as a warming of tropical Atlantic waters.
Western boundary currents transporting heat poleward from the tropics (Gulf
Stream, Kuroshio Current and Somali Current in the Northern Hemisphere; Agulhas
Current, Brazil Current and East Australia Current in the Southern Hemisphere) and
formed in response to large-scale wind forcing have a strong influence on regional
climate and storm tracks. Apart from the Gulf Stream, which is expected to weaken
together with the AMOC, all the western boundary currents are likely to intensify
as a result of wind shifts and tropical atmospheric changes in connection with GHG
concentrations (Figure 1.4). This would favour the formation of severe storms and
would affect the climate of the coastal areas in the vicinity of these currents (Yang et
al., 2016).
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FIGURE 1.4
The historical (shading) and projected change (contours) from 1979 to 2005 to 2070 to 2099
in annual mean surface zonal wind stress evaluated as the multimodel mean of CMIP53
historical simulations and projections with the RCP8.5 high emissions scenario
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The black circles denote the location of the maxima in climatological wind stress at each longitude in the historical period. The contours
represent anomalies, i.e. projections minus historical data: the bold lines represent positive anomalies with an interval of 0.004 N/m?
(Newtons per square metre, pressure unit) with the zero line omitted, whereas the dashed lines represent negative anomalies with an
interval of -0.004 N/m2. The models used are as in Simpson et al. (2014). Source: Simpson, Shaw and Seager (2014).

FIGURE 1.5
lllustration of upwelling intensification hypothesis. Change in coastal upwelling-favourable
winds (tupw) between two periods: 2071 to 2100 average minus 1861 to 1890 average
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Source: Rykaczewski et al., 2015.

3 The Coupled Model Intercomparison Project (CMIP) is a standard experimental protocol for studying
the output of coupled atmosphere-ocean general circulation models. CMIP provides a community-based
infrastructure in support of climate model diagnosis, validation, intercomparison, documentation and
data access. CMIP5 refers to the fifth phase of the project. https://cmip.lInl.gov/index.html



10

Impacts of climate change on fisheries and aquaculture

BOX 1.2
Eastern boundary upwelling systems: global pattern and patchy responses

Major coastal upwelling zones exist along the edges of eastern boundary currents of the
Pacific and Atlantic Oceans (Figure 1.5). In these eastern boundary upwelling systems
(EBUS), alongshore winds interact with the earth’s rotation to force surface waters offshore.
These waters are then replaced with nutrient-rich deeper waters (upwelled), making EBUS
some of the most productive of the world’s marine ecosystems. According to a widely
debated theory, under global warming coastal upwelling would generally strengthen as a
result of differential warming between land and ocean, which would intensify upwelling-
favourable winds (Bakun, 1990). However, the warming of the global ocean surface is also
expected to increase thermal stratification, which would limit the depth from which water is
upwelled, and thus the amount of nutrients brought to the near surface (Jacox and Edwards,
2011). How the impacts of climate change on wind and stratification interact, and their
relative importance in different regions and times, remains uncertain and yet remarkably
important for the future of a significant portion of global fisheries.

The processing of decades of data indicates that over the past 60 years, winds have
intensified in the California, Benguela, and Humboldt upwelling systems and weakened
in the Iberian system. In the Canary Current system, the trend is equivocal. Intensification
was more evident in higher latitudes, which is consistent with the warming pattern
associated with climate change (Sydeman et al., 2014). While in general, results of recent
projections corroborate Bakun’s 1990 upwelling intensification theory (Wang et al.,
2015), there are regional differences in terms of upwelling intensity and duration, as well
as spatial heterogeneity between low and high latitudes and in Northern and Southern
Hemispheres (Rykaczewski et al., 2015) (Figure 1.5).

In the Humboldt and the Benguela Currents, the duration and intensity of the
upwelling is expected to increase with latitude, meaning that subtropical areas will
experience more intense and longer upwelling events in the future. In the Canary Current,
the same pattern is expected in terms of intensity, with an increase in high latitudes and a
decrease in low latitudes. Contradictory information is found on the California Current
as regards intensification of the upwelling; recent modelling results indicate that the
upwelling might become more intense in spring and less intense in summer (Brady et al.,
2017). Contradicting theories on the California Current are probably because of the fact
that it is strongly influenced by regional processes and natural variability (i.e. El Nifio,

Pacific Decadal Oscillation, North Pacific Gyre Oscillation).

Regarding ocean productivity, the dynamics of the upwelling areas and their
interactions with regional processes need to be better understood. On the one hand,
upwelling intensification could have a positive impact on nutrient inputs and primary
production, while on the other hand it could increase the presence of low oxygen
waters in shelf habitats (Bakun et al., 2015)

1.4.7 Ocean acidification

Ocean acidification refers to a reduction in the pH of the ocean over an extended
period (typically decades or longer) caused primarily by the uptake of atmospheric
CO,. It can also be caused by other chemical additions to or subtractions from the
ocean. Anthropogenic ocean acidification refers to the component of pH reduction
that is caused by human activity. As atmospheric CO, concentrations increase, the
oceans absorb more CO,. This causes an increase in the partial pressure of CO, (pCO,)
at the ocean surface and a decrease in water pH and in the saturation state of mineral
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forms of calcium carbonate (CaCO;), referred to as Qar?, which is important for all
shell-forming aquatic life (Portner ez al., 2014). Since the beginning of the industrial
era, oceanic uptake of CO, has resulted in increasing acidification of the ocean; the
pH of ocean surface water has decreased by an average of 0.1, corresponding to a
26 percent increase in acidity (IPCC, 2014; Jewett and Romanou, 2017). Variability
in coastal pH, pCO, and Qar is higher in coastal waters than in the open ocean.
Lower salinity (resulting from ice melt and/or excess precipitation) exacerbates water
acidification by diluting the concentration of substances acting as buffers. There are
regional variations in the rate of acidification of surface waters: acidification is already
50 percent higher in the Northern Atlantic than in the subtropical Atlantic, and Arctic
waters are acidifying faster than the global average because cold water can absorb more
CO.,. In the California Current, corrosive conditions events (in terms of Qar state) have
increased in frequency, severity, duration and spatial extent (Harris, DeGranpre and
Hales, 2013).

While oceanic pH is subject to natural variability, especially near sources of
freshwater input like rivers and heavily tidal environments, observed trends in global
ocean pH already exceed the range in natural seasonal variability over most of the oceans
(Henson et al., 2017), and are expected to exceed it further in coming years (Gattuso
et al., 2015). Projections indicate that the volume of ocean water supersaturated in
aragonite (where Qar is greater than 1) will decrease by half (RCP2.6) or even disappear
(RCP8.5) by the end of the century. The volume of undersaturated waters (where
Qar is less than 1), which are corrosive to calcium carbonate shells and skeletons, are
forecast to increase by 10 percent to 20 percent depending on the scenario considered.
Future projections show that this decrease in pH will occur throughout the world
oceans, with the largest decreases in surface waters occurring in the warmer low- and
mid-latitudes. However, it is the already low Qar waters in the high latitudes and in the
upwelling regions that are expected to become aragonite unsaturated first (Figure 1.6).

FIGURE 1.6
Median model’s change in surface pH from 1850 to 2100 resulting from projected changes
in ocean acidification of 11 CMIP5 Earth System Models under RCP8.5

Source: Ciais et al., 2013.

While the nature and speed of the acidification process are well understood and
predicted with high confidence, its consequences over the next few decades are still

4+ If Qar is less than 1 (Qar<l), conditions are corrosive (undersaturated) for aragonite-based shells and
skeletons. When Qar>1, waters are supersaturated with respect to calcium carbonate and conditions are

favourable for shell formation. Coral growth benefits from Qar>3 (IGBP, IOC & SCOR, 2013).
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unclear. The type and magnitude of ocean acidification impacts on marine organisms
vary with their physiological abilities to adapt to these new conditions, on top of
the multiplicity of other stressors the organisms are exposed to. Ocean acidification
research is still in the early stages of development and so far, mainly short-term
responses in laboratory conditions have been investigated and provide information
only on the sensitivity of organisms to a single stressor (McElhany, 2017). There is an
emerging trend of scientific research that explores long-term responses and adaptive
capacity of marine organisms (Munday, 2017), as well as the impact of combinations
of stressors, such as temperature and acidification, or oxygen content and acidification
(Gobler and Baumann, 2018). This will yield more insight into likely impacts.

1.4.8 Primary production

Phytoplankton production is the process at the base of the marine food web, controlling
the energy and food available to higher tropic levels and ultimately to fish. Earth
system model projections of global marine primary production as a result of climate
change are uncertain, with models projecting both increases (Taucher and Oschiles,
2011) and declines of up to 20 percent by 2100 (Bopp er al., 2013; see also Chapter 4,
this volume). This is partly because primary production is an integrator of changes in
light, temperature and nutrients, but also because of the uncertainty in the sensitivity
of tropical ocean primary production to climate change. Specifically, how climate
change will affect El Nifio events in the tropical Pacific remains uncertain (Chapter
15, this volume). However, based on the most recent understanding of tropical ocean
primary production, it is estimated that global marine primary production will decline
by 6 percent + 3 percent by 2100 (Kwiatkowski ez al., 2017). Primary production in
freshwater lakes has been observed to increase in some Arctic (Michelutti et al., 2005)
and boreal lakes, but to decrease in Lake Tanganyika in the tropics (O’Reilly et al.,
2003). In both cases the changes were attributed by the authors to climate change
(IPCC, 2014).

1.5 CONCLUSION

This chapter summarizes thematic information on climate change and its consequences
for aquatic systems in order to provide the background and to set the context for the
chapters that follow. Considering that aquatic systems represent more than two-thirds of
the Earth surface, the current level of available information on climate change impacts is
relatively low and many of the theories and assumptions are still under debate. However,
it is a certainty that oceans play a critical role in climate regulation and in absorbing
heat and the increased amounts of CO, resulting from anthropogenic activities. Model
projections agree that ocean warming, increased stratification and increasing emissions
will reduce the ocean’s future capacity to absorb CO, (Gattuso et al., 2015).

Freshwater systems are also strongly connected to climate, as they may influence
climate-related atmospheric processes and also be indicators of climate change.
The IPCC considered freshwater systems to be among the most threatened on
the planet because of the multiple anthropogenic impacts they are subject to.
Hydropower infrastructure, water use for irrigation and agricultural land-use result
in the fragmentation of water bodies, modification of flow regimes and a progressive
disconnection of floodplains and wetlands from the rivers that sustain them. It is
expected that these stressors will continue to dominate as human demand for water
resources grows, together with urbanization and agriculture expansion (Settele et al.,
2014), in addition to climate change.

Whether positive or negative, the evolution of aquatic systems under climate change
will have implications for the fisheries and aquaculture sector, throughout the value
chain. Species productivity and fish growth are already changing with consequences for
fishing and farming yields, as a result of shifts in the distribution of fish, alteration of
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larval transport or thermal tolerance of farmed fish. Operations of fishing and farming
activities are also expected to be affected, whether by short-term events such as extreme
weather events or medium to long-term changes such as lake levels or river flow
that could affect the safety and working conditions of fishers and fish farmers. Food
control procedures will undergo major reshaping to protect consumers from potential
increase in contaminants and toxin levels resulting from changes in water conditions.
These examples of potential implications are further developed in more comprehensive
analyses in the subsequent chapters, which examine the evolution of the fisheries and
aquaculture sector in the context of climate change, but also in relation to the multiple
stressors that it is currently experiencing, whether related to environmental or to
anthropogenic activities. The chapters also explain the implications of these changes
for fisheries and watershed management and, more importantly, they provide a set of
potential solutions, both to adapt to the expected changes and to contribute to climate
change mitigation.
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“No community with a sense of justice, compassion or respect for basic human rights should
accept the current pattern of adaptation. Leaving the world’s poor to sink or swim with
their own meagre resources in the face of the threat posed by climate change is morally
wrong.”

Archbishop Desmond Tutu — Human Development Report 2007/2008!

KEY MESSAGES

* Climate change affects communities and livelihoods in fisheries and aquaculture,

and efforts to adapt to and mitigate climate change must therefore be human-
centred.

Climate adaptation strategies must emphasize the need for poverty eradication
and food security, in accordance with the Paris Agreement, the United Nations
2030 Agenda for Sustainable Development and other international instruments,
such as the Voluntary guidelines for securing sustainable small-scale fisheries in the
context of food security and poverty eradication.

Measures to eradicate poverty and provide food security for people in fishing
and aquaculture communities are also instrumental for climate change adaptation,
and should be integrated in the formulation and implementation of national
adaptation plans.

Climate change adaptation for building resilience must be multi-dimensional and
multi-sectoral to help people out of poverty and to prevent them from descending
further into it.

Capacity at national, regional and local levels of governance should be mobilized
to facilitate adaptation to climate change for the poor and vulnerable.

! http://hdr.undp.org/sites/default/files/reports/268/hdr_20072008_en_complete.pdf
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® To address climate change vulnerability, management systems must create
opportunities for fishers, fishfarmers and fish-workers to remain flexible, and to
be able to sustainably utilize diverse livelihood opportunities.

e Climate change adaptation should empower local stakeholders to allow for
meaningful participation of the poor and vulnerable, and safeguard their human
rights.

¢ Climate change adaptation measures must address issues of power imbalances and
inequity disadvantaging the poor, as they relate to, for example, gender, labour
conditions, tenure rights, market access, migration patterns and stakeholder
conflicts.

e The impact of climate change and adaptation measures for the poor and
vulnerable must be monitored at different scales and dimensions, focusing both
on achievements, best practices and on possible maladaptation.

® There is a need for the countries to put a stronger emphasis on poverty and
food security in the context of fisheries and aquaculture within their national
determined contributions.

2.1 BACKGROUND: POVERTY IN FISHERIES AND AQUACULTURE
Approximately 11 percent of the world’s population (about 767 million people) is
living in extreme poverty (World Bank, 2016). In addition to low income, poverty is
comprised of factors that together, in many instances, hinder the realization of human
rights as originally stated in the Universal declaration of human rights, the right to
food guidelines (FAO, 2005), the Voluntary guidelines on the responsible governance
of tenure of land, fisheries and forestry in the context of national food security (FAO,
2012), and the Voluntary guidelines for sustainable small-scale fisheries in the context
of food security and poverty eradication (SSF Guidelines; FAO, 2015). Among these
are food insecurity and malnutrition, poor health, low levels of education, insecure
tenure rights, marginalization, and political discrimination. Poor people typically lack
representation in governance systems, which makes them vulnerable in ways that affect
their overall well-being. In addition to this, their limited integration in the formal
economy frequently results in their marginalization from the formal employment
system and social programmes? (FAO, 2017a). Targeted programmes could better
prepare them to respond and adapt to situations which otherwise reduce their abilities
to engage in fishing activities, thus further aggravating their poverty and vulnerability.
Small-scale fishing and fishfarming communities® in developing countries are often
marginalized and at the bottom of the socio-economic ladder. This is even the case
in many countries where the overall indicators of human development are relatively
good (Jentoft and Midré, 2011). Currently, there are insufficient sector-disaggregated
data to calculate the exact share of fishery-dependent people within the above total
populations in poverty. However, since more than 90 percent of those employed in
the sector are engaged in small-scale fisheries, including processing and marketing,
this is also where poverty is most prevalent (Béné, Macfadyen, and Allison, 2007).
The situation has in many instances been improved by a combination of state support,
public welfare programmes, engagement of civil society organizations, and collective
action by the fishing population themselves (FAO, 2016a). Likewise, the recognition
of the importance of small-scale fisheries for food security and poverty reduction led
to the development and endorsement of the SSF Guidelines (FAO, 2015). Small-scale
aquaculture producers and communities do not as yet have a similar instrument, but
their contribution to poverty eradication and food security should not be ignored.

2 Regional Fisheries Livelihoods Programme for South and Southeast Asia (RFLP) and the Sustainable
Fisheries Livelihoods Programme (SFLP) in West Africa

3 When referring to fisheries and aquaculture communities, it includes both inland and coastal
communities, if not otherwise specified.
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Both inland and marine fisheries and aquaculture operate at various scales with
different degrees of labour intensity (FAO/NACA, 2012). In addition to full- and
part-time employment, small-scale fisheries and aquaculture often provide vital
supplements to other livelihood activities in times of difficulty or as a recurrent side
activity. Fishing as seasonal employment frequently provides those in poverty with
an extra income source. As recognized in the SSF Guidelines, small-scale fisheries
are typically partly an informal sector, which provides operators with the flexibility
needed to make harvesting a food security safety valve (FAO, 2017a). For it to serve
such a function, in the context of climate change adaptation, flexibility should not be
undermined as an important adaptive mechanism (Cinner ez al., 2018).

Adaptive capacity refers to strengthening resilience, reducing vulnerability and
achieving robustness i.e. the ability of the system to withstand adverse conditions
(IPCC, 2014a; Miller et al., 2010). More specifically, climate resilience refers to the
capacity of social, ecological, technical, or infrastructural systems to address challenges
while maintaining the same function, structure and overall identity; and to respond to
opportunities (IPCC, 2007). Adaptive capacity has a negative correlation with poverty
and food insecurity. In other words, poverty can be an obstacle to adaptive capacity,
which may be lower in poorer communities and in poor countries (IPCC, 2014b).
Achieving adaptive capacity must go hand in hand with ensuring human rights and
environmental justice (Schlosberg and Collins, 2014). This is also noted in the Paris
Agreement (PA)* and its instruments such as the Nationally Determined Contributions
(NDCs), as well as in the SSF Guidelines. In order to increase adaptive capacity to
climate change, national governments are expected to adopt a legal framework for
the mapping of climate change impacts on communities with a view to formulating
nationally determined prioritized actions, as stated in the PA. They then need to take
into account vulnerable people, places and ecosystems as well as building the resilience
of socio-economic and ecological systems, including through economic diversification
and sustainable management of natural resources (see Appendix 2.1).

This chapter addresses the specific poverty and vulnerability issues related to
climate change in fisheries and aquaculture. It discusses how climate change challenges
the resilience of local communities and peoples’ capacity to cope and adapt. The
chapter also contains an analysis of the extent to which poverty and vulnerability
are highlighted in the climate change adaptation agenda at international and national
levels with regards to fisheries and aquaculture. Finally, the chapter suggests possible
pathways to address the nexus between climate change and poverty.

2.2 HOW ARE CLIMATE CHANGE AND POVERTY RELATED IN FISHERIES
AND AQUACULTURE?

Small-scale fishers and small-scale aquaculture are particularly vulnerable to climate
change (see e.g. Chapter 18). Their vulnerability is a result of both their geographical
location as well as their poverty situation. Being located at the waterfront, fishing and
fishfarming communities are exposed to climate related extreme events and natural
hazards, such as hurricanes, cyclones, sea level rise, ocean acidification, floods and
coastal erosion. Millions of people living in coastal and floodplain lowlands are unable
to escape regular flooding. As reported throughout this volume, climate change
impacts are harming human and natural systems including infrastructure, disturbing
fish stocks, eroding natural resources and endangering species and ecosystems. These
impacts also reduce resilience. Climate change is therefore a threat to human health,
well-being, and livelihoods.

+ Article 7(1). The IPCC defines adaptation as: “adjustment in natural or human systems in response
to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial
opportunities” (IPCC, 2001a, Annex B). The term is not defined in the Agreement or UNFCCC.
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The ability of individuals and communities to adapt to climate change depends
on their vulnerability, exposure and adaptive capacity. In turn, this is related to their
financial and social capital, such as social networks. Their exposure and vulnerability
to climate change impacts is also related to the existing infrastructure and institutional
framework, including government sponsored social safety programmes. Their adaptive
capacity also depends on their ability to acquire assets, such as insurance, technologies,
and knowledge (Béné and Friend, 2011; Fankhauser and McDermott, 2014). Those
who are poor and vulnerable have fewer opportunities to access these resources, and
thus are less able to adapt.

The poverty and vulnerability of fishers and fish-workers are also often linked to
and determined by their political marginalization. They typically do not have a voice
in the climate adaptation planning process, which reduces their short- and long-term
resilience. Unequal power relations, such as the control exerted by intermediaries who
buy the fish, provide credit, extend consumption loans, and offer land on which fishers
can build their homes, contribute to their vulnerability and poverty status. In these
transactions, fishers and fish-workers are easily trapped in a cycle of exploitative deals,
which tend to undermine their capacity to respond to additional threats, such as those
related to climate change (Kurien, 2014).

Predictions of the future impact of climate change on the poverty and vulnerability
of fisheries and aquaculture arise out of climate change models, which indicate, for
example, increased fish productivity at high latitudes and decreased productivity at
low- and mid-latitudes, with considerable regional variations. By 2050, total maximum
catch potential globally has been projected to decrease under climate change by
2.8 percent to 5.3 percent under representative concentration pathway (RCP)2.6 and
by 7.0 percent to 12.1 percent under RCP8.5 from present yields, but with substantial
variability across national exclusive economic zones (EEZs; see Chapter 4). The likely
outcomes of these changes include:

e Shifts in fish distribution and migration behaviour.

* Disrupted traditional fishing patterns which will have to change, at least over a

period of time, depending on how fast these shifts occur.

e Change in policies and regulatory systems to deal with climate change effects
that will impact on fishing practices (see other chapters). These policies will affect
poverty, food security, and equity within and among fisheries communities.

® Mobile, large-scale fleets will be able to better adapt to the shifts in fish distribution
than small-scale, community-based fleets.

e Communities at lower latitudes will see their fish landings go down, while
communities at higher latitudes will see them go up.

® Poor communities in the tropical south will suffer losses while communities in the
north experience higher fishing pressure as fleets move there.

Shifting species distributions may cause fishers and fish-workers to migrate in
search of livelihood opportunities elsewhere, where existing tenure systems and rights
will be challenged. Fishfarmers have this opportunity to a lesser degree because they
are less mobile.

2.3 IS POVERTY A CONCERN IN THE CLIMATE CHANGE ADAPTATION
AGENDA IN FISHERIES AND AQUACULTURE?

Having discussed the interaction of poverty and climate change in the context of

fisheries and aquaculture, the next two sections draw on this background to explore

whether the international climate change regime effectively addresses the nexus

between climate change and poverty in fisheries and aquaculture. It starts by analysing

the international level, then turns to the national level.
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2.3.1 The international level

At the international level, the PA unites all parties in urgently addressing climate
change and its impacts through an integrated approach. The Agreement enhances the
implementation of the United Nations Framework Convention on Climate Change
(UNFCCC) and aims to strengthen the global response to the threat of climate change
in the context of sustainable development and efforts to eradicate poverty (Article 2(1),
PA) (see Appendix 2.1 of this chapter). Although the PA does not explicitly address
fisheries and aquaculture, it inherently speaks to them as it does to other sectors. This
is also reflected in several NDCs, as well as submitted National Adaptation Plans
(NAPsY.

The Agreement emphasizes the intrinsic relationship between climate change actions
and the eradication of poverty, as well as with food security and “the fundamental
priority” of ending hunger (Preamble, PA). New climate change-related goals, such as
the Sustainable Development Goals (SDGs)® and the recognition of climate change as a
driver of disaster risk in the Sendai Framework for Disaster Risk Reduction’, are set in
recognition of the urgent need to take more ambitious measures to prevent dangerous
climate change, whilst also providing for closer integration with action on poverty.

A similar ambition appears in the latest reports by the World Bank (Hallegatte
et al., 2016) and the World Economic and Social Survey (WESS, 2016). The reports
show that development strategies in the era of climate change require the planning
and implementation of stronger and more cohesive transformative policies to reduce
inequalities and focus on poverty eradication, food security and nutrition, and social
development. Through the provision of resources and shock responsive policies that
lower disaster risks and mitigate climate change impacts, communities and individuals
can achieve the reduction of rural poverty (WESS, 2016).

The PA emphasizes the importance of securing the finance to achieve these goals
(Articles 2 and 9) in an effort to close the adaptation deficit caused by the fact that
poor countries are less able to take effective adaptation action, thus rendering them
more vulnerable than rich countries (Fankhauser and McDermott, 2014). States should
ensure that national laws governing adaptation address vulnerability and resilience
(Article 7(9), PA). According to the PA, they also need to present concrete ideas of
what building resilience requires in the context of climate change adaptation, and what
it would take to implement them in specific contexts such as fisheries and aquaculture.

Responding to these agreements, the climate change adaptation agenda needs
to mainstream development strategies at all levels, including at the international
level, bearing in mind the Global Goal on Adaptation (Appendix 2.1) set by the PA
(Article 7, PA). The Global Goal on Adaptation is reinforced by references to poverty
and food security and the need to ensure human rights integration®. It emphasizes
the strengthening of resilience and the reduction of vulnerability (Article 7, PA), the
provision for transparency (Article 7(5) and Article 13, PA) and for public participation
(Article 7(5) and Article 12, PA), as well as the call for states to respect, promote and
consider human rights in addressing climate change (Preamble, PA).

5 National Adaptation Plans (NAP) are “a means of identifying medium- and long-term adaptation needs
and developing and implementing strategies and programmes to address those needs”. The process to
formulate and implement NAPs was formally established at the 16th Conference of Parties (COP16) of
the UNFCCC in 2010 under the Cancun Adaptation Framework.

¢ https://sustainabledevelopment.un.org/sdgs

7 https://www.unisdr.org/files/43291_sendaiframeworkfordrren.pdf

8 Knox (2016) at paragraph 68: States must adopt a legal and institutional framework that assists those
within their jurisdiction to adapt to the unavoidable effects of climate change.



24

Impacts of climate change on fisheries and aquaculture

Furthermore, parties are required to evaluate and respond to vulnerability’ and take
proactive measures to secure resilience and achieve robustness. The agenda must also
be gender-responsive, participatory and involve an integrated approach laid down in
Article 7(5) PA, and in the Gender Action Plan approved at the 23rd Conference of the
Parties of the UNFCC. Furthermore, adaptation responses in fisheries and aquaculture
from a gender perspective should be integrated into the formulation and implementation
of NAPs and other planning processes (FAO, 2018). Issues such as safety at sea, loss of
livelihood, declining food security and coastal inundation fall within this framework.
This agenda must be integrated across the various processes set under the international
climate change regime (the UNFCCC and the PA), as part of the formulation and
delivery of NDCs and as the operational arm to implement the adaptation component,
NAPs. These nationally determined programmes should have explicit mechanisms to
reach affected communities and individuals, enhancing their adaptive capacity, which
simultaneously feeds back into the delivery of development policy at the national level.
The contribution of every sector, including fisheries and aquaculture, therefore comes
under renewed focus, as does the need to reduce vulnerabilities in all communities
facing significant climate change impacts. To support fisheries and aquaculture in the
formulation and implementation of NAPs (FAO 2016b), FAO is developing guidelines
with the aim to inform those responsible for climate change adaptation processes and
draw the attention of policymakers and government officers involved in the NAP
planning and the fisheries and aquaculture community.

BOX 2.1
FAO guidelines on addressing fisheries and aquaculture in NAPs

The Addressing fisheries and aquaculture in National Adaptation Plans - supplementary
guidelines (FAO,forthcoming) provide technical guidance on the integration of fisheries and
aquaculture in the formulation and implementation of NAPs and serves as supplementary
guidance to FAO’s Addressing agriculture, forestry and fisheries in National Adaptation
Plans — Supplementary guidelines (referred to as “NAP-Ag Guidelines”; Karttunen ez al.,
2017). It aims to draw the attention of policymakers and government officers responsible
for NAP planning and processes generally, as well as fisheries and aquaculture officers
at country level, specifically. It collates and analyses relevant information from fisheries
and aquaculture to support the sector’s ability to take part in national climate change
adaptation planning processes.
The fisheries and aquaculture NAP guidance aims to:
e assist fisheries and aquaculture institutions to map their knowledge into the climate
change world and language and articulate their needs;
e ensure that the visibility and specificities of fisheries and aquaculture are captured in
the process to formulate and implement NAPs;
e support the mainstreaming of fisheries and aquaculture in the NAP implementation;
and
e more broadly, support adaptation planning within fisheries and aquaculture.

? Social vulnerabilities are as significant as economic vulnerabilities. Therefore innovative interventions are
needed to provide protections across the specific set of challenges that fishers face in each national and
local context.
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The growing calls to focus development on increasing the adaptive capacity of
communities in order to increase their resilience to climate change and to reduce poverty
are reflected in the Nairobi Programme on impacts, vulnerability and adaptation to
climate change. This programme, established under the UNFCCC, continues to provide
input on best practices in adaptation (see Subsidiary Body for Scientific and Technological
Advice (SBSTA) Draft Conclusions, FCCC/SBSTA/2017/L.7 of 16 May 2017').

With regards to the PA, delivery of national adaptation policies is communicated
within NAPs!'" or NDCs (Article 7(10) and (11)). NDCs are intended to reflect each
state’s common but differentiated responsibilities and respective capabilities, in the
light of different national circumstances (Article 4(3)). The acknowledgement that the
eradication of poverty is a key consideration (Article 4(1)) signals the importance placed
on this international objective (first recital to the Preamble to Decision 1/CP.21). Some
NDCs predate the adoption of the PA and therefore the approach taken in some
current NDCs may not fully track all the language of the Agreement.!? Under the PA,
NDGC:s are to be renewed progressively every five years. As parties revise their NDCs,
the emphasis placed on addressing food security and poverty can be progressively
addressed and expanded.

A degree of differentiation in setting the framework for NDCs allows for the special
status of vulnerable countries under the PA (Articles 4(6), 7(6) and the Preamble).
Furthermore, the status of NDCs at the national level will be determined by national
law, including any specific provision made under national climate change law.
Constitutional and human rights protection of interests affected by the delivery, or
non-delivery, of the NDC may also be addressed under national, as well as international
law, taking into account the call for states to “respect, promote and consider” their
human rights obligations in addressing climate change (Preamble to the PA).

2.3.2 The national level

As of September 12, 2017, 155 NDCs had been submitted to the UNFCCC. These
describe actions to be implemented in order to mitigate and adapt to climate change.
According to the PA, NDCs must address the climate change impacts on communities
and livelihoods, and develop well-designed strategies to address them. An analysis of
these commitments was conducted to identify if countries’ proposed interventions
within the fisheries and aquaculture sector were explicitly targeting the poor and most
vulnerable®. The analysis shows that 49 countries make explicit links to SDG 1 (no
poverty) and 101 countries refer to SDG 2 (no hunger) in their NDCs', although this
does not imply that they are all directly targeting poverty and food security in the
fisheries and aquaculture sector. In fact, only seven NDCs refer explicitly to impacts
of climate change on food security in the fisheries and aquaculture sector.

This analysis also assessed whether NDCs included pro-poor social policies and
actions with regards to fisheries and aquaculture. Each NDC policy or action was then
categorized according to several indicators related to poverty and vulnerability in the
sector.

1 https://unfccc.int/sites/default/files/resource/docs/2017/sbsta/eng/107.pdf

! NAPs were established under the Cancun Adaptation Framework. The earlier NAPA process was
designed to identify priority areas for urgent and immediate needs in LDCs.

NDCs are individual and voluntary commitments and goals for post-2020 climate action that both
developed and developing countries submitted before or shortly after the COP21 in December 2015.
At this time, since this was before parties ratified the Convention, the documents submitted were
called intended national determined contributions (iNDCs), however, after the ratification took place,
countries either re-submitted their iNDC as their NDC or they decided to submit an NDC different to
the iNDC.

Small-scale fishers are considered the most poor and vulnerable as explicitly recognized in the SSF
Guidelines (FAO, 2015).

1 http://ndcpartnership.org
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Out of the 155 NDCs submitted, 87 address fisheries and aquaculture, of which
78 include climate change adaptation measures in the sector (see Figure 2.1). Notably,
23 countries in Asia and 23 in Africa, where the concentration of poverty is most
prevalent, include fisheries and aquaculture adaptation measures to climate change in
their NDC:s.

The analysis also shows that out of the 78 NDCs focusing on climate change
adaptation, 55 reported impacts of climate change on their fisheries and aquaculture
sector, including impacts on fisheries resources and migration patterns with
consequences for the sustainability of the fishery sector, livelthoods, human health
and food security, to name some. Particularly, 16 NDCs mention how climate
change impacts local communities, including migration and livelihood diversification,
decreasing food production as a result of changing fish abundance, and the aggravation
of fishers’ poverty (see Box 2.2).

FIGURE 2.1
Fisheries and aquaculture reported in the NDCs

Fisheries and aquaculture Fisheries and aquaculture No NDCs submitted
included in NDCs not included in NDCs

Not all countries are visible on this map.
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BOX 2.1
Examples of reported impacts of climate change in the NDCs

Lake Chad’s reduction in size from 25 000 km? in 1960 to 2 500 km? today has considerably impacted crop and
fish production, and forced inhabitants to migrate to wetter areas (Chad).

The likely disappearance of more than half the coral cover will affect local populations that are dependent on
those resources and who already live in poverty (Djibout).

Very significant decrease in agricultural yields, in fishing and aquaculture production, total or partial destruction
of social infrastructure (schools, basic health centres) and aggravation of household poverty as well as food
insecurity following cyclone events and social conflict caused by water scarcity (Madagascar).

Communities are experiencing climate change impacts such as eroding shorelines and riverbanks, shortage of
water, depleted fisheries stocks, reduced food production, large-scale flooding, increase in outbreaks of vector-
borne diseases and sea level rise (Fiji).

As a result of climate change, in rural outer islands the people have limited access to employment opportunities,
effective transport, communication, and community services such as education and health — these factors,
combined with a high dependency on subsistence agriculture and coastal fisheries, make rural communities
vulnerable (Kiribati).

Communities’ livelthoods and infrastructure are impacted by sea level rise, sea surges, typhoons and rainfall
intensity; water and food security issues from changing rainfall patterns and ocean acidification. Community
well-being is also affected by rising temperatures, peak wind speeds and changes to ocean circulation patterns
(the Marshall Islands).

Exposure to the cyclical and adverse climate impacts of “El Nifio”, which affects primary sectors such as
fisheries. Likewise, given the vulnerability of the sector and focusing on people and their livelihoods, the
vulnerable populations that need to be addressed on a priority basis, include small-scale fishers (Peru).

The increased coastal erosion, droughts, storms, floods and landslides of the last decade have severely impacted
livelihoods (Saint Vincent and the Grenadines).

Extreme temperatures, erratic rainfall, floods, drought, tropical cyclones, rising sea levels, tidal surges, salinity
intrusion and ocean acidification are causing serious negative impacts on the lives and livelihoods of millions
of people in Bangladesh, and are gradually offsetting the socio-economic development gained over the past
30 years (Bangladesh).

The migration of tuna to deeper waters and the coral bleaching affecting the reefs are affecting the livelihoods
of people (Maldives).

Sea level rise, flooding, hurricanes, and other extreme events will affect the country, thus destroying the natural
and cultural heritage along the coast (Cuba).

The damage caused by hurricanes affects the fishing seasons, landing infrastructure and markets, resulting in
wastage and loss of fish and revenue to fishers. Climate change, including increasing ocean acidification and
changes in sea temperatures, are affecting fisher resources and migration patterns with consequent impacts on
the sustainability of the fishery sector, livelihoods, human health and prospects for food security (Dominica).
The National Adaptation Programme of Action targets particularly vulnerable groups in the coastal zone, such
as poor communities in rural areas including farmers and small producers and people whose livelihood mainly
depends on the use of natural resources (hunters, fishers, salt producers, etc.) (Guinea).

The magnitude and frequency of natural hazards are expected to increase, especially impacting the most
vulnerable populations in the country, such as indigenous peoples, small-scale fishers, women and children,
with negative impacts on livelihoods, cultural identity and traditional and ancestral knowledge (Guatemala).
Many fisheries- and fishfarming-dependent communities which live in precarious and vulnerable situations
because of poverty and their lack of social services and essential infrastructure are already affected by climate
change. The consequences felt on sustainability of aquatic ecosystems for fisheries and aquaculture are highly
adverse (Sri Lanka).

Vulnerability to sea level rise, inland flooding and other climate related events cause adverse impacts on the
overwhelming majority of coastal populations. Extinction of species such as whales, dolphins and turtles, as
well as coral bleaching and migration of some marine species and sea birds are expected (Qatar).
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In response to climate change impacts in the sector, 43 NDCs explicitly include
some form of social policies. Some of these policies include the promotion of income-
generating activities linking climate change adaptation with conservation and poverty
alleviation, livelihoods’ diversification, early warning systems targeting the poor
and vulnerable, and resilience building of coastal economies and the social capital of
communities. These policies also aim to strengthen insurance schemes for fishers as
well as micro-insurance for the private sector and vulnerable segments of the sector
(see examples in Box 2.3).

Out of the 43 NDCs mentioned above, 32 explicitly mention the resilience of the
poor and vulnerable in fisheries and aquaculture (see Figure 2.2). It is important to note
that many of the adaptation actions related to fisheries and aquaculture mentioned in
the NDCs do not concretize how resilience building shall be implemented and who
will be targeted. This omission may negatively affect the achievement of poverty
eradication and resilience building in the sector.

Some examples provided in this chapter show NDCs making explicit linkages
between poverty and climate change (see Box 2.3). These examples show how social
policies can set the path for other countries and communities to develop similar
strategies. However, the analysis of the strategies to respond to them shows that overall
NDCs focus more towards the environmental aspects rather than on local livelihoods
and food security. In general, the nexus between climate change and poverty is weakly
addressed at the national level (Madhanagopal, 2018; Prowse, Grist and Sourang, 2009).
This highlights the need for climate change adaptation strategies to be more human-
centred.

It should be recalled that NDCs are subject to a comprehensive five-yearly global
stocktake (Article 14(1) PA, see Appendix 1), conducted at the international level to
assess collective progress, the first of which will be conducted by 2023. This may be
the opportunity to incorporate specific targeted poverty eradication and food security
strategies for fisheries and aquaculture into the NDCs.
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FIGURE 2.2

Reported pro-poor measures to adapt to climate change in the fisheries and aquaculture sector within NDCs
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BOX 2.2
Examples of pro-poor social policies related to climate change reported in the
NDCs

Promoting and reviving income-generating activities linked to inland and coastal
ecosystems, diversification of means of livelihoods, and improved access to fisheries
resources (Central African Republic, the Democratic Republic of the Congo, Gabon,
Malawi and Guinea).

Capacity building in aquaculture and promotion of fish farming (Malawi).
Protecting and enhancing resilience of coastal and estuarine/riverine economies and
livelihoods, and supporting alternative livelihoods, if needed (the Gambia, India,
Democratic People’s Republic of Korea).

Supporting and strengthening insurance schemes for fishers to cope with losses
resulting from climate variability through minimum monthly income, and to
recover the losses and damages induced by climate change on livelihood, properties,
infrastructure and fisheries (Seychelles, Dominica, Maldives, Sri Lanka).
Micro-insurance for private sector and vulnerable segments of society (farmers,
fishers and fish-workers, women, and indigenous and vulnerable communities)
(Antigua and Barbuda).

Strengthening early warning systems and capacity building in coastal areas (Seychelles).
Promoting food security and nutrition through feasibility studies as well as
diversification and promotion of climate smart agriculture for fisheries production
through the development of agro-ecological fishfarming harvest and post-harvest
techniques (Seychelles, Zambia, Guinea).

Formulating and implementing measures to enhance sustainable food systems that
are climate resilient and build robust communities by strengthening their capacity
to address risks to food security associated with changing precipitation patterns (the
Bahamas, Dominica, Belize, Egypt, Bahrain).

Promoting reef ecosystem recovery integrated with community building and
development (the Bahamas, Dominica, Belize, Egypt, Bahrain).

Facilitating capacity building through education, awareness and training programmes
on climate change risks and resiliency measures in order to strengthen capacity at the
community and sectoral level, within municipalities and local authorities, and the
private sector (Dominica).

Integrating the climate funding framework in the national plan and budget to disburse
annual allocations for the implementation of mitigation and adaptation projects such
as infrastructure and livelihood improvement projects including climate adaptation
and livelihood protection (Bangladesh, Maldives).

Developing a participatory and integrated marine conservation and coastal
rehabilitation plan, increasing capacity to manage climate-related health impacts —
including through development of health surveillance and early warning systems,
systematic climate risk assessment and effective disease prevention and response
measures to climate change related health consequences, and building regional climate
resilience by serving as a knowledge hub to foster regional cooperation and exchange
experiences on adaptation (Thailand).
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24 FILLING THE GAP: COPING WITH CLIMATE CHANGE AND POVERTY

The content analysis of the NDCs suggests that a stronger emphasis on the impacts
of climate change on poverty and food security is needed with regards to fisheries
and aquaculture. The next global stocktake to assess the collective progress of the
NDCs will take place in 2023, which will be an opportunity to incorporate specific
targeted poverty eradication and food security strategies to fill this gap. The following
ten key elements, taken from a global literature review of state-of-the-art approaches
linking poverty reduction and resilience building undertaken for this chapter, suggest
a pathway to address the poverty and climate change nexus:

Enabling national legal and policy-making frameworks are crucial for climate change
adaptation. National pro-poor policies can help in lifting communities out of poverty
through the targeted provision of services, among others, and to prevent the relapse
of communities into poverty from climate change impacts. There is a need to assess to
what extent rural development policies actually support small-scale fishers and fisheries
communities, and to what extent they address the human dimension impacts of climate
change in the sector. Also, the national institutional framework for emergency response
and disaster risk reduction is an instrument to lift fisheries communities out of poverty.
National reviews should examine the mandate and expertise of all fisheries agencies
to assess the extent to which they are required to take climate change into account in
making regulatory decisions. As a matter of national discretion, states could consider
whether such agencies should be placed under a legal duty to ensure fulfilment of their
NDC and NAP so far as relevant to fisheries and aquaculture.

National alignment of the climate change agenda to the SDGs is needed. Tackling
climate change through a poverty lens is a key strategy for moving people out of
poverty, and for preventing them from descending into it (Krishna, 2010), while at
the same time, bringing people out of poverty is essential for making people and
communities more capable of dealing with the impacts of climate change. Any
strategy aimed at achieving the SDGs must in itself be environmentally friendly, with
a minimum carbon footprint. Also related are improving education, awareness raising,
and human and institutional capacity on climate change mitigation. Moreover, building
capacity for climate change adaptation in least developed countries and small island
developing states is important since they are particularly vulnerable.

A holistic, human-centred approach to be resilient is a route to enhance lives by
saving livelihoods. Poverty eradication in the climate change context is not only
essential in its own right, but as a means of enhancing the resilience of people and
communities. Socio-economic development and climate change adaptation must go
hand-in-hand. Climate change is a contributor to food insecurity and poverty, while
at the same time, poverty and food insecurity reduce the capacity to adapt to climate
change. Therefore, both issues need to be tackled simultaneously, and in an integrated
fashion. This requires that climate change adaptation strategies are brought to the
level of the affected people themselves, and their communities, where the impacts of
climate change are felt and where actions are in urgent demand. This demand calls for
a multidimensional and integrated approach to both poverty and climate change.

Adding adaptation measures into poverty reduction strategies is crucial to address
the impacts of climate change on the poor and vulnerable. Adaptation strategies that
simultaneously target poverty and food insecurity are needed at an international and
national scale, and at all levels of governance. Notably, adaptive capacity must also
include the local context, as this determines local communities’ capacity to respond
pro-actively on opportunities or challenges induced by climate change (Charles, 2012).
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More specifically, climate change adaptation must provide answers to “‘of what,” ‘to
what,” and ‘for whom’” questions (Whitney er al., 2017). Addressing these questions
should create a more transparent, enabling environment, including policies, which will
permit the targeting of specific populations and specific objectives.

In the absence of pro-poor targeted interventions, climate change adaptation measures
may reinforce the poverty cycle. This is for instance the case if the poor have no other
option than to perpetuate the degradation of natural resources (Tandon, 2012). This
is known as the resource dependency trap or cycle (Jentoft and Midre, 2011), which
climate change adaptation must aim to defeat. It is important to recognize that poor and
vulnerable communities are at both the receiving and delivering end of climate change
adaptation. They not only need external support but also their own collective adaptive
capacity to become proactive. This would have to be done through a multidimensional
and multi-sectoral approach that includes 1) social protection, 2) development approaches,
and 3) resilience building programmes. The first two of these enable people to escape
poverty, while the last prevents vulnerable people from descending into it (FAO, 2017b).
Also important is to draw on multiple-disciplinary perspectives and knowledge bases,
including indigenous and local knowledge, in order to reflect and learn from the full
human experience of climate change (Allison and Bassett, 2015).

Social protection schemes that are risk-informed and shock-responsive, are key to
reducing the impacts of climate change on the poor (Winder et al., 2017). People
without substantial or diversified resources are likely to be the most affected,
as climate-related hazards can exacerbate their pre-existing, economic and social
vulnerabilities. Poor and vulnerable fishers and fish-workers may have no other choice
than to sell off productive assets, take their children out of school, and migrate (Béné,
Devereux and Roelen, 2015; FAO, 2017b). This indicates the importance of insurance
schemes, cash transfers, disability benefits, pensions, unemployment benefits, food
transfers, among others (FAO, 2017a), to give people a better capacity and opportunity
to adapt to climate change impacts (Winder et al, 2017). The SDGs targeting the
poor and vulnerable, recognize that social protection has a role in poor people’s asset
accumulation through cash transfers and micro-credit (FAO, 2017b). It also reduces
the risk that people take on when they invest in new opportunities (Hallegatte and
Rozenberg, 2017).

Recognizing the roles that women play in securing essential community functions
and services (including employment, food security, and household responsibilities), and
in building and representing their communities, is essential both in terms of poverty
reduction and climate change response. Women are mostly engaged in post-harvest
work, as their work is centred on fish landing sites or local markets, where they are in
charge mainly of selling and processing the fish. Given the marginalization of fishing
communities, coupled with the lack of access to credit and capacity development
experienced by women in the post-harvest sector, they are placed in a disadvantaged
position. Climate change adaptation should not undermine women’s tenure rights
in fisheries communities. Hence, the adaptive capacity of communities to climate
change, as well as their resilience and well-being, are raised through women’s social
and economic empowerment, entrepreneurship and leadership, and women should
therefore be a beneficiary of capacity building as stated in the SSF Guidelines. The
Gender Action Plan approved at the 23rd Conference of the Parties of the UNFCCC
adopted a new roadmap to incorporate gender equality and women’s empowerment in
climate change discourse and actions. It aims to increase the participation of women
in all UNFCCC processes and seeks to create awareness of and support for the
development and effective implementation of gender-responsive climate policy at the
regional, national and local levels.
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Climate change adaptation in the fisheries and aquaculture sector is a governance
challenge, where the actors at different levels and sectors of government, civil society,
academia and community organizations would need to engage in an interactive
process through which pathways and policies are defined and implemented (Bavinck
et al., eds, 2011; FAO, 2018; Kooiman et al., 2005). One may assume that climate
change policies and actions may be as contentious in this area as in other areas of
environmental policy and change, including in fisheries and aquaculture management.
Given the complexity of climate change and poverty issues, there is a need for building
partnerships to facilitate cooperation, coordination and policy coherence. There is also
a need for strengthening and building institutions that establish shared and differential
responsibilities and mandates. These governance mechanisms must reflect the holistic
approach to climate change and poverty eradication, and secure equity while building
resilient and robust communities.

Governance mechanisms should empower communities in order for them to
become more resilient and robust, by facilitating collective action. This may be done,
for instance, through community-based co-management arrangements, to strengthen
their institutions and adaptive capacity (Cinner ez al., 2018). Governance mechanisms
must also build institutional capacity at higher ecological and social scales (Whitney
et al., 2017). The state and civil society organizations have a role to help communities
to become better equipped to adapt to climate change. In particular, these actors have
a responsibility to develop resilience programmes and policies specifically targeting
the poor and vulnerable in fisheries and aquaculture. Likewise, the WESS (2016)
emphasizes that in the absence of far-reaching pro-poor transformative policies the
goal of building climate resilience will remain elusive, and that poverty and inequalities
will likely increase.

2.5 RECOMMENDATIONS
Drawing on the above key general elements of a “way forward”, the following specific
points are suggested to enable a better linking of NDCs and the international climate
regime to the fisheries and aquaculture sector, in the context of poverty and food insecurity:
* Given the importance of fisheries and aquaculture to poverty reduction and food
security in many countries, there is a need for those countries to include, within
the NDC:s, their concerns and the adaptation requirements of their fishing and
fishfarming communities. As specified in the PA, climate efforts are to take place
on the basis of equity, and in the context of sustainable development and efforts to
eradicate poverty. Furthermore, the new standards introduced in the Agreement
should assist states in avoiding maladaptation®.
® To avoid maladaptation, insurance schemes need to be encompassed by development
programmes that entail social safety nets to protect the chronic and those in extreme
poverty by increasing their resilience and robustness. This could include, for
example, insurance through cash plus services'. Such programmes should also
protect the not-so-poor from falling into poverty because of natural hazards. Global

5 Defined by the IPCC as adaptation that increases rather than reduces vulnerability (IPCC, 2001b,
p-990). Maladaptation refers to increased impacts of climate change on vulnerable areas and communities
as a result of poorly designed and implemented policies to cope with climate change. Examples of
maladaptation include promoting development in risk prone areas, as well as taking actions based on
short-term political decisions, neglecting of known climatic variability, imperfect foresight, insufficient
information, and over-reliance on insurance mechanisms.

1 Strategies in which coherence and coordination between agricultural and social protection interventions
can be strengthened. Cash plus encompasses a wide range of “plus” activities and linkages with the
ultimate aim to integrate programmes across sectors and address different dimensions of poverty to more
effectively support the poorest groups with the hope of inducing synergistic impacts (FAO, 2017b).
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insurance programmes that help countries to cope with massive natural disasters
and/or pandemics that affect more than one country would also be needed.
Countries should, where appropriate, explicitly link their mitigation and adaptation
measures to their national policies on sustainable development in the fisheries and
aquaculture sectors. These should all be inclusive and pro-poor, as indicated in the
SSF Guidelines, recognizing the differential impact that climate change may have
on fisheries and aquaculture communities.

Poverty and food insecurity represent a violation of human rights as recognized in
the PA and other international instruments, such as the SSF Guidelines. Therefore,
when taking actions to address climate change, national and international law
should specifically include legal and other measures to protect and support the lives
and livelihoods of fishers, fishfarmers, fish-workers as well as their communities.
Most NDCs do not specify mechanisms supporting the most vulnerable and
poor to deal with shock and impacts of climate change, neither generally nor
particularly with regards to fisheries and aquaculture. The NDCs should focus
on priorities and actions that fill this gap in future revisions. In a fisheries and
aquaculture context, this largely means directing policy measures at small-scale
fisheries and small-scale fishfarming.

In addition to emphasizing ecological and natural aspects of climate change
adaptation, NDCs would need to take social, economic, and institutional aspects
into account. It is particularly important to assess the situation for those who are
poor and vulnerable in fisheries and aquaculture. One implication of targeting
the poor and vulnerable is to make policies that strengthen the resilience and
robustness of local communities. In all of this, it is crucial to be gender sensitive,
and to fully engage women in these processes.

Building resilience through collective action will require cooperation and
coordination of climate related policies and actions. Therefore, communities need
to be empowered legally, organizationally and with knowledge. Government
agencies and civil society organizations have important roles to play in this
regard. In particular, support could be provided to community-based fisheries
management organizations to enable their direct involvement in assessment
of vulnerability and of measures to secure climate resilience, including those
addressed in the NDC.

Climate change-induced disasters in fisheries and aquaculture communities require
an immediate humanitarian response in terms of relief, and robust infrastructure
such as shelters. In a longer-term, these events also require efforts to create
opportunities for people to build stronger, and more prosperous, communities
and by that to become more self reliant. Communities must possess the capacity
(assets, knowledge and skills) for climate related collective action. They also need
the enabling institutional environment (such as legislation and mandates) to make
their own adaptation decisions.

Climate change adaptation strategies must be developed and implemented
in cooperation with affected communities and their organizations through
transparent processes, allowing for meaningful participation of fisheries
stakeholders, including the poor and vulnerable in the fisheries and aquaculture
sector. In order to ensure the latter, states should develop relevant indicators,
keeping sex disaggregated data to track the impacts of climate change on poor
and vulnerable groups and geographical areas. Key issues of the fisheries and
aquaculture sector should be part of the formulation and implementation of
National Adaptation Plans in the countries.
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APPENDIX 2.1

Table of provisions of the Paris Agreement of particular relevance to addressing poverty,
reducing vulnerability and promoting resilience

The aim of
the PA:

Article 2(1)

The Agreement ...aims to strengthen the global response to the threat of climate change,
in the context of sustainable development and efforts to eradicate poverty, including by:

a) Holding the increase in the global average temperature to well below 2 °C above pre-
industrial levels and pursuing efforts to limit the temperature increase to 1.5 °C above
pre-industrial levels, recognizing that this would significantly reduce the risks and impacts
of climate change;

b) Increasing the ability to adapt to the adverse impacts of climate change and foster
climate resilience and low greenhouse gas emissions development, in a manner that does
not threaten food production; and

<) Making finance flows consistent with a pathway towards low greenhouse gas emissions
and climate-resilient development.

Mitigation
and the NDCs:

Article 4(1)
and (2)

1. In order to achieve the long-term temperature goal set out in Article 2, Parties aim

to reach global peaking of greenhouse gas emissions as soon as possible, recognizing
that peaking will take longer for developing country Parties, and to undertake rapid
reductions thereafter in accordance with best available science, so as to achieve a balance
between anthropogenic emissions by sources and removals by sinks of greenhouse gases
in the second half of this century, on the basis of equity, and in the context of sustainable
development and efforts to eradicate poverty.

2. Each Party shall prepare, communicate and maintain successive Nationally Determined
Contributions that it intends to achieve. Parties shall pursue domestic mitigation
measures, with the aim of achieving the objectives of such contributions.

The global
goal on
adaptation:

Article 7

1. Parties hereby establish the global goal on adaptation of enhancing adaptive capacity,
strengthening resilience and reducing vulnerability to climate change, with a view to
contributing to sustainable development and ensuring an adequate adaptation response
in the context of the temperature goal referred to in Article 2.

2. Parties recognize that adaptation is a global challenge faced by all with local, sub-
national, national, regional and international dimensions, and that it is a key component
of and makes a contribution to the long-term global response to climate change

to protect people, livelihoods and ecosystems, taking into account the urgent and
immediate needs of those developing country Parties that are particularly vulnerable to
the adverse effects of climate change.

5. Parties acknowledge that adaptation action should follow a country-driven, gender-
responsive, participatory and fully transparent approach, taking into consideration
vulnerable groups, communities and ecosystems, and should be based on and guided

by the best available science and, as appropriate, traditional knowledge, knowledge of
indigenous peoples and local knowledge systems, with a view to integrating adaptation
into relevant socio-economic and environmental policies and actions, where appropriate.

9. Each Party shall, as appropriate, engage in adaptation planning processes and the
implementation of actions... which may include... ¢) The assessment of climate change
impacts and vulnerability, with a view to formulating nationally determined prioritized
actions, taking into account vulnerable people, places and ecosystems...and e) Building
the resilience of socio-economic and ecological systems, including through economic
diversification and sustainable management of natural resources...

10. Each Party should, as appropriate, submit and update periodically an adaptation
communication, which may include its priorities, implementation and support needs,
plans and actions, without creating any additional burden for developing country Parties.

11. The adaptation communication ...shall be... submitted and updated periodically, as
a component of or in conjunction with other communications or documents, including
a national adaptation plan, a nationally determined contribution...and/or a national
communication...

The global
stocktake and
adaptation:

Article 7(14)

14. The global stocktake shall:
a) Recognize adaptation efforts of developing country Parties;

b) Enhance the implementation of adaptation action taking into account the adaptation
communication;

¢) Review the adequacy and effectiveness of adaptation and support provided for
adaptation; and

d) Review the overall progress made in achieving the global goal on adaptation.




Chapter 2: Understanding the impacts: applying a poverty lens 39

Loss and
damage:

Article 8

1. Parties recognize the importance of averting, minimizing and addressing loss and
damage associated with the adverse effects of climate change, including extreme weather
events and slow onset events, and the role of sustainable development in reducing the
risk of loss and damage.

2. The Warsaw International Mechanism for Loss and Damage associated with climate
change impacts shall be subject to the authority and guidance of the Conference of the
Parties serving as the meeting of the Parties to this Agreement and may be enhanced and
strengthened...

4. ...areas of cooperation and facilitation to enhance understanding, action and support
may include:

a) Early warning systems;

b) Emergency preparedness;

c) Slow onset events;

d) Events that may involve irreversible and permanent loss and damage;

e) Comprehensive risk assessment and management;

f) Risk insurance facilities, climate risk pooling and other insurance solutions;
g) Non-economic losses; and

h) Resilience of communities, livelihoods and ecosystems...

Scaled up
financial
support:

Article 9(4)

The provision of scaled-up financial resources should aim to achieve a balance between
adaptation and mitigation, taking into account country-driven strategies, and the
priorities and needs of developing country Parties, especially those that are particularly
vulnerable to the adverse effects of climate change and have significant capacity
constraints, such as the least developed countries and small island developing states...

Public
participation
and access to
information:

Article 12

Parties shall cooperate in taking measures...to enhance ...public awareness, public
participation and public access to information, recognizing the importance of these steps
with respect to enhancing actions under this Agreement

Transparency:

Article 13

1. In order to build mutual trust and confidence and to promote effective
implementation, an enhanced transparency framework for action and support...is ...
established.

5. The purpose of the framework for transparency of action is to provide a clear
understanding of climate change action in the light of the objective of the Convention
as set out in its Article 2, including clarity and tracking of progress towards achieving
Parties’ individual [NDCs], and Parties’ adaptation actions under Article 7, including good
practices, priorities, needs and gaps, to inform the global stocktake...

6. The purpose of the framework for transparency of support is to provide clarity on
support provided and received by relevant individual Parties ...and, to the extent possible,
to provide a full overview of aggregate financial support provided, to inform the global
stocktake...

The global
stocktake:

Article 14(1)

1. The Conference of the Parties serving as the meeting of the Parties to this Agreement
shall periodically take stock of the implementation of this Agreement to assess the
collective progress towards achieving the purpose of this Agreement and its long-term
goals...It shall do so in a comprehensive and facilitative manner, considering mitigation,
adaptation and the means of implementation and support, and in the light of equity and
the best available science.
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KEY MESSAGES

Fisheries and aquaculture play a key role in provision of food security and
livelihoods of millions of people for their social, economic and nutritional benefits.
The sector is crucial in numerous coastal, riverine, insular and inland regions,
with fishing- and aquaculture-dependent people often located in places that are at
particularly high risk of extreme events.

There has been a major expansion in fish production, trade and consumption over
the last decades, but more recently, while still expanding, a slowdown in growth
rates is being experienced.

The sector is globalized through trade, but production (especially in the case of
inland fisheries and aquaculture) is concentrated in certain countries/regions.
Developing countries, in particular in Asia, have a growing share of production
and trade, with a high percentage of small-scale/artisanal fishers and fish farmers
playing a part.

Fish plays a major role as a source of nutrients and micronutrients.

Fish is highly traded in different product forms, with trade relevant as an income
generator and for broadening fish consumption.

Climate change is expected to have geopolitical and economic consequences, with
influences on food security.

A scenario prepared to analyse the potential future development of food and
agricultural markets indicates that population growth is expected to put pressure
on fish markets and lead to higher food fish prices.

Higher prices should have a detrimental effect on fish consumption, with an
overall decrease in per capita food fish consumption at world level; at the same
time higher prices should stimulate those that earn income from fisheries and
aquaculture to increase their productivity and efficiency.
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3.1 INTRODUCTION

This chapter is structured into three main sections that explore 1) the global overview
on the role of fish! in food security through an analysis of the current main trends in
the fisheries and aquaculture sector; 2) the possible impacts of climate change on fish
consumption and trade; and 3) the prospects for fish demand, prices and net trade to 2050.

3.2 ROLE OF FISH IN FOOD SECURITY

Food security exists when “all people, at all times, have physical, social and economic
access to sufficient, safe and nutritious food which meets their dietary needs and food
preferences for an active and healthy life” (FAO, 1996). Fisheries and aquaculture
contribute in a significant way to food security and to the livelthoods of millions of
people, as a creator of employment, supplier of nutritious food, generator of income
and economic growth through harvesting, processing and marketing fish. Several
countries, including many less advanced economies, depend on these sectors for their
social, economic and nutritional benefits. The maps shown in Figure 3.1A-H provide
an overview of the key players according to the different components of the sector?
Detailed information on fisheries and aquaculture production (Table 3A); fisheries and
aquaculture production by FAO major fishing areas (Table 3B); apparent food fish
consumption (Table 3C); and trade in fish and fish products (Table 3D) is presented at
the end of this chapter.

Although fisheries and aquaculture may represent a limited share of the overall
national economy or labour force (Figure 3.1D) and the consumption of their products
can be small compared to other food at national level, they can be crucial for numerous
coastal, riverine, insular and inland regions, including many small islands developing
states (SIDS), which depend heavily on these sectors. Most of the people directly
employed, on a full-time, part-time or occasional basis, as fishers and fish farmers
(about 60 million people in 2016, of whom 32 percent — or over 19 million people — are
engaged in aquaculture) are artisanal and small-scale producers, with the bulk of them
in Asia (85 percent in 2016). Worldwide, about 200 million people are directly and
indirectly employed along the value chain, from harvesting to distribution. Women
play an important role in this workforce and represent about 14 percent of the people
employed in the primary sector (FAO, 2018) and half of them if the secondary sector is
included (Montfort, 2015). These activities support the livelihoods of many additional
millions of people, with fishing-dependent people often located in places that are at
particularly high risk of extreme events.

The fishery and aquaculture sectors have been significantly expanding in recent
decades, with an increase in overall production, trade and consumption (Table 3.1
and Figure 3.2). This expansion has been characterized by many transformations,
including changes in the source of fish production, being increasingly dependent on
aquaculture, and in the key producers and traders, with a consistent growth of the role
of developing countries in these sectors.

! Unless otherwise specified, throughout this chapter, the term “fish” indicates finfish, crustaceans,
molluscs and other aquatic animals (including sea cucumbers, sea urchins, sea squirts and jellyfish), but
excludes aquatic mammals, reptiles, seaweeds and other aquatic plants. In this chapter, the term “food
fish” refers to fish destined for human consumption, thus excluding fish for non-food uses. The source
of fisheries and aquaculture data, if not otherwise stated, is FAO. Information on the different formats,
tools and products through which users can access FAO fisheries and aquaculture statistics is available
at: http://www.fao.org/fishery/statistics

2 A limited but consistent number of countries is presented in each map. Their respective shares compared
to the world differ because of the different levels of concentration present in production or trade.
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FIGURE 3.1A-H
Key players in the fisheries and aquaculture sectors
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A: Capture fisheries production in marine waters by top producers* — over 1 million tonnes — in 2016. *Representing 74 percent of the world total.
B: Capture fisheries production in inland waters by top producers* — over 0.2 million tonnes — in 2016. *Representing 82 percent of the world total.
C: Aquaculture production by top producers* — over 0.3 million tonnes — in 2016. *Representing 95 percent of the world total.

D: Share of employment of fishers and fish farmers in total labour population — over 2 percent - in 2016. Source of Labour population: World Bank.
E: Per capita fish consumption by top consumers — over 25 kg/year — in 2013.

F: Contribution of fish to animal protein supply, share — over 30 percent — in 2013.

G: Top exporters* of fish and fish products — over USD 2 billion — in 2016. *Representing 76 percent of the world total.

H: Top importers* of fish and fish products — over USD 2 billion - in 2016. *Representing 78 percent of the world total.

Note: due to the typology and size of the maps, the role of SIDS is not fully represented in the figure.

See footnote 2 for the approach followed in the number of countries shown in the maps.
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TABLE 3.1
World trends in fisheries and aquaculture

Average

1950- 1960- 1970- 1980- 1990- 2000- 2010- 2016
1959 1969 1979 1989 1999 2009 2015

Million tonnes (live weight equivalent)

Total production 26.8 49.0 66.4 859 110.7 1343 1585 170.9
Capture fisheries 25.6 47.0 62.9 77.8 88.9 90.8 90.7 90.9
Inland waters 2.6 3.8 4.9 5.7 71 9.3 1.1 11.6
Marine waters 23.0 43.2 58.0 721 81.9 81.6 79.5 793
Aquaculture 1.1 1.9 3.5 8.1 21.8 43.5 67.8 80.0
Inland waters 0.6 0.9 1.7 4.6 12.6 25.7 43.0 51.4
Marine waters 0.6 1.0 1.8 3.5 9.2 17.7 24.9 28.7
Trade volume 26.1 39.3 51.4 58.7 59.1
Share of trade as a percentage of 30% 36% 38% 37% 35%
total production
Utilization of fish production 26.8 49.0 66.4 859 110.7 1343 1585 170.9
Human consumption 22.2 32.8 46.4 60.6 81.8 109.2 137.8 151.2
Non-food uses 4.6 16.2 19.9 25.3 29.0 25.1 20.7 19.7
kg (live weight equivalent)
Per capita food fish consumption 8.1 9.9 11.5 12.5 14.3 16.8 19.3 20.3
From capture 7.7 9.3 10.7 10.9 10.5 10.1 9.8 10.8
From aquaculture 0.4 0.6 0.9 1.6 3.8 6.7 9.5 9.6

Excluding whales, seals, other aquatic mammals and aquatic plants. Totals may not match because of rounding.

FIGURE 3.2
World fisheries and aquaculture production and apparent consumption
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Note: Excluding whales, seals, other aquatic mammals and aquatic plants. Per capita food fish supply on secondary vertical axis (at right).

3.2.1 Production

Total fisheries and aquaculture production reached an all-time record in 2016 at
about 171 million tonnes (Table 3A), of which 53 percent was from capture fisheries
and 47 percent from aquaculture. Of this total, 108 million tonnes were produced in
marine waters (73 percent from capture fisheries and 27 percent from aquaculture) and
63 million tonnes in inland waters (82 percent from aquaculture and 18 percent from
capture fisheries). The total first sale value of fisheries and aquaculture production in
2016 was estimated at USD 362 billion of which USD 232 billion was from aquaculture
production.
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Being the main source of production (46 percent in 2016, but 87 percent in the 1950
to 1980 period), capture fisheries in marine waters have always played a key role in the
sector and are very relevant to the economy and well-being of coastal communities and
the dominant method of production for a number of species. At a global level, after
several decades of sustained growth, marine capture fisheries have been rather stable
since late 1980s at around 80 million tonnes, with some interannual fluctuations in the
range of three to four million tonnes higher and lower.

During recent decades, a growing share of capture fisheries production in marine
waters has been caught by developing countries (from 29 percent in the 1950s to
71 percent in 2016). In 2016, Asian countries were the main producers, accounting
for 54 percent, followed by countries in North and South America (20 percent) and
Europe (17 percent). China was the major national producer followed by Indonesia,
the United States of America, the Russian Federation and Peru (Figure 3.1A). These
five countries were responsible for about 44 percent of the world’s capture fisheries
production in marine areas in 2016. A large number of species are caught every year,
with the number and specific species varying from region to region. In 2016, finfish
represented 84 percent of the total production in marine capture fisheries, with small
pelagics as the main group.

Major differences can be noticed when analysing the harvest of marine capture
fisheries by FAO major fishing areas (Table 3A). While in the 1950s more than 50 percent
of the production was caught in the Atlantic Ocean, in the last decade the largest share of
marine capture fisheries production originated from the Pacific (60 percent as average in
1996 to 2016), with the Northwest Pacific as the main fishing area in 2016, followed by
the Western Central Pacific, Northeast Atlantic, eastern Indian Ocean and the Southeast
Pacific. In recent years, while catches in the Northwest Pacific and Northeast Pacific have
shown an increasing trend, those in other temperate areas have experienced a declining
trend for several years. A decrease in catches by distant-water fishing nations produced
a recent contraction in production in the Southwest Atlantic and the Southwest Pacific.
Catches in tropical areas have experienced a growing trend, mainly due to increase in
production of large and small pelagics (FAO, 2018).

Production differs from area to area as a result of several factors, including the level
of development of the countries surrounding those areas, the fisheries management
measures being adopted, the composition of the species being caught, the amount of the
illegal, unreported and unregulated (IUU) fishing, as well as the status of stocks. For
example, for some fishing areas, annual variations are the result of the high proportion
of small pelagic fish in total catches, which are prone to large fluctuations, and can also
be particularly affected by climatic variability and change, as for example with catches
of anchoveta (Engraulis ringens) off South America. As for the status of resources, on
the basis of FAO’s analysis of assessed commercial marine fish stocks (FAO, 2018),
the share of fish stocks estimated as being fished at biologically unsustainable levels
has been increasing in recent decades, from 10 percent in 1974 to 33.1 percent in 2015.
This increase has occurred despite notable progress in achieving sustainable fisheries
experienced in some areas and fisheries thanks to stricter management measures, which
have allowed the recovery of certain stocks. Conversely, the fish stocks fished within
biologically sustainable levels have declined from 90.0 percent in 1974 to 66.9 percent
in 2015, of which about seven percent are underfished. While the underfished stocks
declined constantly from 1974 to 2015, the maximally sustainable fished stocks
declined from 1974 to 1989, and increased to 59.9 percent in 2015. In 2015, among the
16 major fishing areas assessed, the Mediterranean and Black Sea, Southeast Pacific
and Southwest Atlantic had the highest percentages of stocks fished at unsustainable
levels, whereas the Eastern Central Pacific, Northeast Pacific, Northwest Pacific,
Western Central Pacific and Southwest Pacific had the lowest (FAO, 2018). The scope
for discovery of new fisheries resources seems very limited and, therefore, it is not
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expected that production from capture fisheries in marine waters will increase unless
proper management of resources allows overfished stocks to recover and ensures that
all stocks are exploited at levels of fishing that maximize sustainable yields. However,
many other factors are also affecting the sustainability of the resources, ranging from
habitat destruction, overfishing, eutrophication, acidification of the water, pollution,
species introductions and other human interventions (transportation, oil and gas
extraction, etc.), all of which interact with climate change and can impact the future of
the sector.

Evenif representing only 13 percent of capture fisheries production and seven percent
of total fisheries and aquaculture production in 2016, capture fisheries in inland waters
represent an important sector in many countries and regions, especially in land-locked
countries and low-income countries, where this production represented 75 percent and
49 percent, respectively, of their total fishery and aquaculture output in 2016 (Table
3A). Particularly in these countries, this sector plays a key role in food security and
poverty alleviation, sustaining the livelihoods of many communities, especially those
living near lakes and rivers, and represents an important, and in some cases essential,
source for domestic fish consumption. With the exception of a few fisheries oriented for
export purposes, most of the production from inland waters is of a small-scale nature,
including many subsistence fisheries, the products of which are consumed locally, with
95 percent of the inland fishery production being harvested by developing countries.
Despite the sector being increasingly exposed to environmental pressures including
water abstraction and poor water quality, damming, over-exploitation and pollution,
inland catches increased at an annual growth rate of 1.7 percent during the last decade
to peak at 11.6 million tonnes in 2016, in part as a result of stock enhancement practices
such as stocking. This general trend masks considerable variations between continents,
regions and countries, with more sustained growth being experienced in Asia, Africa
and Central America. In 2016, Asia confirmed its key role, accounting for 66 percent of
world inland fisheries catches, while Africa had a share of 25 percent. China is by far the
major producer, with a share of about 20 percent of total production in 2016, followed
by India (13 percent), Bangladesh (9 percent) and Myanmar (8 percent) (Figure 3.1B).
Overall, in 2016, more than 82 percent of the production was concentrated in 18
countries, each with an annual output of over 150 000 tonnes. Finfish represented over
92 percent of the inland fisheries catches in 2016.

Despite the total increase of inland water catches, total production for inland
fisheries is often considered to be underestimated, and thus undervalued, because of
problems of unreporting and unreliability. (FAO, 2016; Welcomme, 2011). The lack
of reporting is mainly caused by the diffuse and small-scale nature of inland fisheries,
with most of the catches going directly into domestic consumption (Welcomme, 2011).
It is also believed that while the increases in recorded catches experienced during
the last decades in some individual fisheries are real, others are also the result of an
improvement in reporting (Welcomme, 2011) and assessment.

With capture fisheries production having been relatively stable since the late 1980s,
most growth in production from the sector as a whole has been from aquaculture, to
peak at 80.0 million tonnes in 2016. Whereas aquaculture provided only four percent
of total production in the 1950s, this share increased to 19 percent in the 1990s and to
47 percent’ in 2016. Aquaculture in inland waters has been the major driver of growth
of the sector, representing 64 percent of the total aquaculture production in 2016
(Table 3B). Asian countries, and in particular China, have played a major role in this
growth and represented, respectively, more than 89 percent and 62 percent of world
aquaculture production in 2016. Other major producers were India and Indonesia and

3 If aquatic plants are included, aquaculture has overtaken capture fisheries production since 2013. In 2016,
total aquaculture production of aquatic plants was 30.1 million tonnes, valued at USD 11.7 billion.
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these three countries together represented 75 percent of global aquaculture production
in 2016 (Figure 3.1C). Despite this concentration of production, aquaculture has
experienced growth across the world, with the unequal rates reflecting differences in
local policy, management objectives, site opportunities and environmental factors.
Aquaculture production is highly diversified, with a large number of species cultured
in fresh, brackish and marine environments for both domestic and export markets.
In 2016, about 30 percent of aquaculture production consisted of non-fed species, a
percentage that has been decreasing in the last decade. Although some higher value
species such as shrimps and salmon are highly traded, a significant share of aquaculture
consists of low-value freshwater species destined mainly for domestic consumption. In
some rural areas, in particular in Asia, this activity is carried out by small-scale farmers,
typically in ponds and in rice fields and often through integrated farming.

At world level, aquaculture has expanded and intensified at annual growth rates
of 11.3 percent in the 1980s, 10.0 percent in the 1990s, but then slowing down to
6.2 percent in the 2000s and 5.2 percent in 2010 to 2016, even if still remaining one of
the fastest growing food sectors in the world. This slowdown is because of a variety
of factors, including increasing environmental regulation, animal diseases related to
intensive production practices, a shortage of suitable new production locations, and a
contraction of demand in key markets.

3.2.2 Utilization and consumption
Fish production is very heterogeneous in terms of species and product forms, with
marked differences within and between continents, regions, and countries in utilization
for both food and non-food purposes and in the processing methods. In recent decades
the share utilized for direct human consumption has increased significantly, up from
67 percent in the 1960s to 88 percent (or over 151 million tonnes) in 2016. The remaining
20 million tonnes in 2016 was destined for non-food products, of which 74 percent was
for the manufacture of fishmeal and fish oil, while the rest was utilized for other purposes.
An important role for fish and fish products in global food security is in nutrition as
they are important sources of nutrients and micronutrients such as vitamins, minerals
(zing, iron, iodine and selenium) and omega-3 fatty acids. Even small quantities of fish
can provide a significant positive nutritional impact compared to plant-based diets, or
where the total protein intake level is low. This is often the case in many low-income
food-deficit countries (LIFDCs) and least-developed countries. Fish proteins are very
important in the diets of many other countries, and essential in many, particularly
SIDS, where fish is often the most important source of dietary proteins. At the
global level, fish accounts for about 17 percent of the world population’s intake of
animal proteins, but this share can be 50 percent or higher in some SIDS, as well as
in Bangladesh, Cambodia, the Gambia, Ghana, Indonesia, Sierra Leone and Sri Lanka
(Figure 3.1F). World apparent food fish consumption* has increased remarkably during
the last six decades outpacing population growth (3.2 percent per year vs 1.6 percent
from 1961 to 2016), with per capita fish consumption going from 9.0 kg in 1961° to
20.3 kg in 2016, with a slight slowdown of growth being experienced in the last few
years. The expansion in demand has been driven by a combination of population
growth, rising incomes and urbanization, and facilitated by the strong expansion of
food fish production, reductions in wastage, improved and more efficient processing,
storage and distribution channels.

* Food fish consumption is calculated in live weight equivalent as production, minus non-food uses and
exports, plus imports and plus/minus stocks. It refers to the apparent consumption, i.e. the amount
available to be consumed, which for a number of reasons (including waste at the household level) is not
equal to food intake.

5 1961 is the first year for which FAO data on food balance sheets for fish and fishery products are
available.
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Despite the overall increase in the availability of fish to most consumers, marked
differences exist between and within countries and regions in terms of quantity and
variety consumed at per capita level and the subsequent contribution to nutritional
intake. For total food fish supply, Asia consumes more than two-thirds of the total,
while Oceania and Africa have the lowest share. Nevertheless, although annual
per capita food fish consumption has grown steadily in developing regions and in
LIFDG:s, it is still considerably lower than in more developed regions (Table 3C). A
growing share of food fish consumption originates from aquaculture production, with
a milestone reached in 2013 when the aquaculture sector’s contribution to the supply
of fish available for human consumption overtook that of wild-caught fish for the first
time. In 2016, the share of aquaculture products in total food fish available for human
consumption was 53 percent.

As a result of the high geographical concentration of production, international
trade has played an important role in broadening fish consumption by providing
wider choices to consumers and creating global markets for several species. A sizeable
and growing share of food fish consumed in Africa (about 40 percent) and in North
America and Europe (over 70 percent) consists mainly of imports, owing to steady
demand, including for non-locally produced species, accompanied by static or
declining domestic fish production. Notwithstanding the statistics for Africa, overall in
developing countries, fish consumption tends to be based on locally available products
and be driven more by supply than by demand. However, fueled by rising domestic
income, consumers in emerging economies are experiencing a diversification in the
types of available fish through an increase in fishery imports.

3.2.3 Trade

A sizeable share of total fish production (about 35 percent, live-weight equivalent
in 2016) is exported, reflecting the sector’s degree of openness and integration into
international trade. It is estimated that some 78 percent of fish and fish products are
exposed to international trade competition (Tveterds et al, 2012). Fish and fishery
products are among the most traded food commodities worldwide, with a wide range
of species, increasingly including farmed ones, and products being exported. The
fisheries and aquaculture sectors operate in an increasingly globalized environment,
with fish that can cross national boundaries several times before final consumption,
being produced in one country, processed in a second and consumed in a third. Trade of
fish and fish products has increased remarkably in recent decades along with increases
in production and demand and more efficient processing methods and improved
distribution channels. From a mere USD 8 billion in 1976, fishery trade peaked at
USD 148 billion in 2014 and it is expected to have reached a new record at about
USD 152 billion in 2017, with a growth of seven percent over the USD 143 billion in
2016. However, during the last few years, trade of fish and fish products has experienced
reduced growth rates and declined in 2009 and 2015. This slowdown is not an isolated
phenomenon as it is also occurring in agriculture and global merchandise trade.

In 2016, developing countries had a share of 54 percent in total fish export trade
value and about 59 percent in quantity (live weight equivalent) (Table 3D). Their
fish net-export revenues (exports minus imports) are higher than those of all other
agricultural commodities combined. In addition, in recent years, developing countries
have increased imports of fish and fish products to supply their processing sectors
for further re-export and to meet rising domestic consumption. Developed countries
have always dominated fish imports, although with a declining share in recent years
(88 percent share of world imports in 1976 and 71 percent in 2016). Their imports
originate from both developed and developing countries and shape the market, giving
many producers an incentive to produce, process and export. Since 2002, China is the
leading exporter of fish and fish products and since 2011 the third main importer. In
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2016, other major exporters were Norway, Viet Nam and Thailand (Figure 3.1G).
The European Union represents the largest single market for fish and fish products,
followed by the United States of America and Japan (Figure 3.1H). In 2016 their
combined imports accounted for about 64 percent of total import value of fish and
fish products. In terms of net trade, Oceania, the developing countries of Asia and
the Latin America and the Caribbean region are net fish exporters. Europe and North
America are characterized by a fish trade deficit, while Africa is a net importer in
volume terms but a net exporter in terms of value (Table 3D), reflecting the higher unit
value of exports. Table 3.2 provides an overview of the trade flows for import values
(in percentages) by continent and regions.

TABLE 3.2
Trade flows of imports of fish and fish product by partners - 2016 values (percentage)
Partners
Northern Latin America

Importers Africa Asia Europe America & Caribbean Oceania
Africa 27 26 37 1 7 2
Asia 4 50 19 12 11 4
Europe 8 14 63 5 9 1
Northern America 1 48 10 19 21 2
Latin America & Caribbean 2 31 8 7 51 1
Oceania 2 68 9 4 4 13

Many factors affect trade of fish and fish products, including import tariffs
(usually lower in developed countries because of their dependence on imports to
satisfy domestic consumption, but still high in many developing countries), non-tariff
measures, market-based measures such as ecolabels or trade-tightening policies such as
import regulations to prevent IUU fish entering markets.

3.3 POSSIBLE KEY IMPACTS OF CLIMATE CHANGE ON FISH CONSUMPTION
AND TRADE
Several chapters of this publication analyse the expected impact of climate change on
fish supply, an impact that is complex to determine and is affecting different regions
with varying intensity and characteristics. In addition, climate change is expected to
have different typologies of consequences, with influences not only on fish supply. The
impacts can be particularly relevant for those countries more dependent on fisheries
and aquaculture and which could be vulnerable because of the important contribution
of these sectors to employment, supply, income and nutrition in those countries.
Climate change is expected to have an effect on availability and circulation of goods
from aquatic production, with the distribution of several species predicted to change
as a result of changing conditions. These shifts in species may affect the accessibility to
fish resources, in particular for small-scale fishers, the fishing techniques and practices
applied and as a consequence the nutritional habits of local communities, as well as the
practices of producers, exporters and consumers. The changes in distribution of fish
resources can also put international fisheries agreements and governance under pressure.
Trade and its patterns can also be impacted, having consequences for countries more
dependent on trade in fish and fish products for tax revenues and foreign exchange
earnings, and with a potential impact on their food security. Consumption can also
be affected by these shifts either in a positive or negative way, by making available on
domestic markets species more or less favoured by local consumers. The repercussions
on consumption are expected to be more serious for communities dependent on fishing
and aquaculture, which rely on fish for food and livelihoods (Barange et al., 2014) and
in particular for those living near climate-sensitive environments like low-lying coastal
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areas and water-stressed regions. The consequences could be exacerbated in cases of
dependency on certain species impacted by climate change, for consumption or export,
in particular in the absence of support through targeted policies on adaptation to
climate variability and change.

Climate change is expected to alter aquatic food prices, by affecting not only the
availability of aquatic resources and the global supply, but also the cost of goods,
infrastructure and services required in aquatic food production, processing and
distribution activities. It has been estimated that the projected changes in temperature
and precipitation on food production will contribute to an increase in global food prices
by 2050 (Porter et al., 2014). For example, the highest emission scenario studied in the
fifth assessment report of the Intergovernmental Panel on Climate Change (IPCC) has
been estimated to increase crop prices by between two percent and 35 percent when
compared to a no-climate change scenario in 2050 (Nelson et al., 2014). This could be
applicable to fish prices as well, especially in the case of reduced availability in domestic
markets or as a consequence of shocks caused by unexpected extreme events. Higher
fish prices can weaken demand and consumption of these products, which could have a
major impact on food security and malnutrition, particularly among the most vulnerable
households. In the case of countries dependent on imports for their consumption, higher
prices could reduce demand, in particular among less affluent consumers.

34 PROSPECTS FOR FISH DEMAND, PRICES AND NET TRADE TO 2050

The future evolution of the fisheries and aquaculture sector is also very much linked
to challenges posed to food systems, not only by climate change, but also by socio-
economic trends. The world population is expected to reach nearly 10 billion people
in 2050, a trend that, on its own, raises concerns about how to feed the world in the
future. At the same time income growth in low- and middle-income countries may
well imply dietary changes towards higher consumption of animal protein and thus of
fish and fish products. Moreover, structural changes in the economy (e.g. variations in
the relative importance of the sectors, reallocation of production factors across sectors
and geographic areas and changes in their productivity), together with urbanization
and migration, challenge food systems further because they imply modifications in
consumption patterns, in the way food chains are organized (e.g. higher demand for
processed food) and to distribution channels.

In order to understand future trends better and help to address forthcoming
challenges, forward-looking studies can be useful to provide insights on the likely paths
of development and constraints in food supply and demand, and to determine regional
vulnerabilities and changes in comparative advantages in trade and price effects.

3.4.1 Scenario assumptions and methodology

In this report, a scenario was prepared to analyse a potential future development in
fish demand, prices and trade by 2050 and to sketch challenges for the fisheries and
aquaculture sectors if the future evolves according to socio-economic, technological
and environmental trends similar to those that have been exhibited historically.

The global population is expected to grow, albeit at slower growth rates than in the
past 50 years, by some 2.3 billion people by 2050 and to reach 9.7 billion people, as
Table 3.3 suggests (UN DESA, 2015). High-income countries are expected to reach
their maximum population size by 2040 and to maintain it thereafter, whereas low- and
middle-income countries would see a slowdown in their population increase after 2050.
Asia, the most populous continent, is expected to reach its population peak between
2050 and 2060. The only region where the maximum population size should not be
reached within this century is Africa. While the region’s growth rate will continue to
decelerate, its population is expected to reach more than 2.2 billion by 2050 and is set
to continue to expand beyond the end of the twenty-first century.
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TABLE 3.3
Population by region and income group
Billion people Average annual growth rate (percent)
2012 2030 2050 2013 to 2030 2031 to 2050
High-income 1.2 1.3 1.3 0.4 0.1
East Asia & Pacific (EAP) 2.0 2.2 2.2 0.5 0.0
EAP excluding China 0.6 0.8 0.8 0.9 0.4
China 1.4 1.4 1.3 0.2 -0.2
South Asia 1.7 2.1 2.3 1.2 0.6
East Europe & Central Asia 0.4 0.4 0.4 0.2 -0.1
Latin America & Caribbean 0.6 0.7 0.8 0.9 0.4
Near East & North Africa 0.3 0.5 0.6 1.6 1.0
sub-Saharan Africa 0.9 1.5 2.2 2.5 2.1
World 71 8.5 9.7 1.0 0.7

Note: countries are grouped into high and middle and low-income ones based on the World Bank July 2016 list of
economies. Low- and middle-income countries are arranged into geographic groups. Data for China do not include
data for Taiwan Province of China.

Source: FAO global perspectives studies, based on data from UN DESA, 2015.

Economic growth follows the so-called SSP3¢ scenario (Table 3.4), in which
global GDP grows at an annual rate of 2.2 percent between 2012 and 2050 (Shared
Socioeconomic Pathways, 2016). In this scenario, high-income countries are assumed
to see the smallest increase in their GDP per capita, whereas Asia and in particular
China, the highest. Despite their relatively higher economic growth, none of the low-
and middle-income countries are assumed to reach levels of GDP per capita similar to
those that high-income countries have currently. This alone suggests that convergence
between the low- and middle-income countries and the high-income ones will be
only modest, implying that no significant change in current consumption patterns is
assumed to occur throughout the simulation period.

TABLE 3.4
GDP per capita, per region and income group
GDP per capita (USD at 2012 exchange Average annual growth rate in
rates) GDP per capita (percent)
2012 2030 2050 2013 to 2030 2031 to 2050

High-income 41 688 55178 66 319 1.6 0.9
East Asia & Pacific (EAP) 5331 13 655 17 880 5.4 1.4
EAP excluding China 3368 6 841 9 757 4.0 1.8
China 6 262 17 319 22 895 5.8 1.4
South Asia 1391 2 840 3877 4.0 1.6
East Europe & Central Asia 9 336 16 276 20613 3.1 1.2
Latin America & Caribbean 9 647 14178 16 795 2.2 0.9
Near East & North Africa 4698 7523 10 233 2.7 1.6
sub-Saharan Africa 1740 2 807 3829 2.7 1.6
World 10 467 15 138 17 349 2.1 0.7

Source: FAO global perspectives studies, based on data from the system of national accounts, for the periods 1990 to
2013 (UN, 2016); the SSP database version 1.1, OECD projections of GDP (Shared Socioeconomic Pathways, 2016).

¢SSP = shared socioeconomic pathway
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The impacts of climate change, and demand and supply drivers on food and
agriculture’” were simulated with the model Global Agriculture Perspectives System
(GAPS)®. GAPS identifies fish and fish products as a separate commodity, sourced
from capture and aquaculture sectors combined, and it only takes into consideration
the amount utilized for human consumption.

Projections of aquaculture production up to 2026 rely on the projections included
in the OECD-FAO Agricultural Outlook 2017-2026 publication (OECD-FAO, 2017),
while for subsequent years up to 2050, supplies were calculated by applying gradually
slowing down annual average growth rates in line with the 2012 to 2026 trends.
Regarding capture fisheries, changes in potential catch of fish by 2050 in all exclusive
economic zones (EEZ) were based on updates from Cheung et a/. (2010) according to
the emission scenario representative concentration pathway (RCP) 8.5. The percentage
variations between 2000 and 2050 were first translated into changes per country
according to the size of each EEZ, and assumed to be distributed evenly to all years
between 2012 (the base year used in the report) and 2050 through linear interpolation.
The combined production data indicate that major growth in the sector is expected to
originate from aquaculture.

3.4.2 Food and fish demand

Per capita food consumption depends on income and prices and is subject to historical
trends on food mix preferences. High-income countries are projected to expand their
per capita DEC at a slower pace than in the past 50 years and to reach saturation levels
similar to those projected in Alexandratos and Bruinsma (2012), whose projections were
anchored around similar assumptions on population and economic growth, that is to
slightly below 3 500 kcal/person/day in 2012 (FAO et al., 2017). In low- and middle-
income countries, per capita calorie consumption is expected to grow until 2030 at a
faster pace than in high-income countries given their higher per capita economic growth
(Table 3.4) and to reach levels as in Alexandratos and Bruinsma (2012), who projected
their calorie intake to reach nearly 3 000 kcal/person/day by 2050.

Globally annual per capita food fish consumption is projected to decrease slightly
although at the very slow pace of 0.5 percent per year between 2012 and 2050 (from
21 kg/person in 2012 to 18 kg/person in 2050). However, notable differences are
expected between regions, and according to the time period, as shown in Figure 3.3.

High-income countries are projected to see a decline of per capita food fish demand
of 0.6 percent per year between 2012 and 2030, a result that is in line with the evolution
of consumption of animal products and of continuation of historical preferences when
it comes to the food mix. FAO (2017) suggests that there is already a dietary shift to less
animal-based products and to more fruit and vegetables.

7 The term agriculture is meant in a broader sense and it refers to crop, livestock, fisheries and forestry
activities that are relevant for food production.

8 Version 1.0 of this model is described in Kavallari et al. (2016) but is different from the one used in this
report regarding the countries, commodities and activities covered and the way food demand is represented.
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FIGURE 3.3
Actual (2012) and simulated (2030, 2050) per capita food fish consumption
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Source: FAO Global Perspectives Studies based on simulations with the GAPS model.

In low-and middle-income countries food fish consumption is expected to increase
between 2012 and 2030 motivated by the income growth (Table 3.4). Only in regions
where consumer preferences are more oriented towards meat consumption instead of
fish, such as Latin America and Eastern Europe and Central Asia, a small decrease in per
capita food fish intake of around ten percent is projected. China, as well as East Asia and
the Pacific, are expected to increase their food fish intake the most when compared to the
rest of the world and are projected to reach an annual per capita food fish consumption
of some 46 kg and 36 kg, respectively, in 2030. The period 2030 to 2050 is assumed to
be characterized by a slower income growth in all regions allowing price increases to be
felt more and to counteract the positive effects that income growth during 2030 to 2050
has on per capita food demand. As a result, per capita food fish consumption is expected
to drop during this period in all regions between four percent (in East Asia and Pacific
excluding China) and 14 percent (in Eastern Europe and Central Asia) with the exception
of sub-Saharan Africa. Consumers in sub-Saharan African countries are assumed to be
more reactive to income changes than in other regions and so income growth leads to a
slight increase of animal protein intake, including fish.

3.4.3 Prices and trade

Despite the small decrease in the per capita food fish consumption worldwide expected
by 2050, population growth is anticipated to add substantial pressure in markets and
generate an overall increase of demand for food fish products’. Higher demand is
expected to lead to a growth of world market prices (Figure 3.4). While the higher
prices should have a detrimental effect on food fish consumption for consumers more
reactive to price changes, at the same time they should stimulate people that earn
income from fisheries and aquaculture to increase their productivity and efficiency.
The increase of prices is projected to slow down after 2025, following the slowdown
in population growth.

* Other demands for fish are for non-food purposes, such as for example pharmaceutics, but being
negligible compared to food demand, are not analysed in the fish scenario. Fishmeal and fish oil, which
are derived commodities when processing fish, are not considered.
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FIGURE 3.4
Simulated world fish price changes
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Source: FAO Global Perspectives Studies based on simulations with the GAPS model.

Changes in demand, together with domestic supply, define the net international
trade of food fish products of each country and region as illustrated in Figure 3.5.

FIGURE 3.5
Food fish: net trade position
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Source: FAO Global Perspectives Studies based on simulations with the GAPS model.

Most notable are the opposite changes in the net food fish trade positions of China
and of sub-Saharan Africa. The decrease in per capita food fish demand together with
the slowdown of population growth is expected to result in a surplus in China and
lead the country to become the largest net exporter of food fish products by 2050.
sub-Saharan Africa is the region with the highest population expansion by 2050 and
the only region with an expected increasing per capita food fish demand until 2050
because of the assumed income growth underlying the simulation. These developments
lead to an increase of its food fish imports from three million tonnes in 2012 to almost
39 million tonnes in 2050. The East Asia and the Pacific region (excluding China) is
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projected to see its net trade position reversing, becoming a net food fish importer by
the first half of the simulation period as a result of the expansion of its population and
higher demand. Its net food fish imports are projected to increase further between 2030
and 2050 suggesting that domestic supply will not be sufficient to meet demand. This
is, however, aligned with the price effects discussed above, given that the population
in the region will grow (albeit at a slower rate during 2030 to 2050 than 2012 to 2030)
resulting in higher food demand (despite reduced per capita fish consumption discussed
in the previous section). Analogous are the effects in Latin America and the Caribbean
although in this region the changes in food fish demand and supply are not projected
to result in a change of the trade position from net exporter to net importer. All other
regions, as a result of the slowdown of population growth and of per capita food fish
demand, are projected to improve their food fish trade balances and see a reduction in
their net imports and an increase of their net exports.

The above projections on fish demand, prices and net trade are based on
specific assumptions including those on the future macroeconomic environment
and population, absence of abnormal fish related disease outbreaks, a lack of market
shocks and continuation of historical trends in food preferences. Should one of these
assumptions change, the resulting fish projections would be affected. For example, the
potential growth of per capita food fish consumption in sub-Saharan Africa described
above will depend on the effective economic growth of the region. This will be a key
factor to drive a substantial increase in its food fish imports, despite the expected
increasing prices, which will be necessary to meet the potential additional demand.
If this does not occur, there is likely to be an alarming risk in terms of food security
because of the major role played by fish in the region through the provision of very
valuable micronutrients and proteins.

3.5 CONCLUSIONS

The social and economic contributions of the fisheries and aquaculture sectors,
including processing and trade, are relevant, complex, and growing. These sectors play
a key role in world food security, as a source of nutritious food and as a contributor
to economic growth and development, income and livelihood to millions of people.
This role can be crucial at local or community levels, in particular for fishing and fish
farming-dependent people living along coastal and other riparian land often located in
places that are at particularly high risk of extreme events.

During the last six decades, the fisheries and aquaculture sectors have undertaken
major changes in their structure and dynamics, and with an overall expansion in
production, trade and consumption. The sustainability and productivity of these
sectors face a number of challenges and, while still expanding, a slowdown in growth
rates has been experienced in recent years. The future prospects of these sectors will
depend on their capacity to deal with different challenges, both globally and locally,
in terms of social and economic pressures on natural resources and ecosystems,
including environmental degradation and, increasingly, water scarcity and quality, and
availability of areas for aquaculture. Climate change and extreme weather events can
be expected to act as a further source of specific challenges and compounding threats
to the sustainability of aquaculture and of marine and inland fisheries. The impacts,
both positive and negative, will depend on the region and latitude, and are expected to
affect not only fish production but the entire value chain, with effects also on prices,
trade and consumption of fish and fish products, by changing competitiveness and
patterns. Climate-induced changes will require adaptation at all stages of the fisheries
and aquaculture value chain, including the resilience of vulnerable coastal and riparian
communities and their livelihoods to threats, from producers, processors, marketers,
exporters, and importers as they search for supplies to meet the world’s growing
demand for fish and fish products.
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Economic, demographic and policy factors will be crucial in shaping future demand,
supply and consumption. Rising income levels and a growing global population that
is increasingly urbanizing, especially in populous developing countries, will require
a substantial expansion of production through the coming decades. In addition to
increasing consumption levels, growing incomes and urbanization are also expected to
generate changes in lifestyle habits and dietary structure, typically from a traditional
staple-based diet to a more protein-rich, diversified diet, with fish potentially playing a
major role in this regard. A scenario prepared to analyse the potential future development
of food and agriculture indicates that population growth is expected to put pressure on
fish markets and lead to higher fish prices. The price increases may become higher as
altered by climate change, via changes in global and regional fish supply, and also via
the cost of goods, infrastructure and services required for fishing and aquaculture. These
higher prices risk weakening fish demand and consumption, which could have a major
impact on food security and malnutrition of countries or populations dependent on these
sectors, particularly among the most vulnerable households.
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TABLE 3A
Fisheries and aquaculture production in 2016
Total fisheries and aquaculture production Share of total production Share of
Cap'_cure _Capture Aquacul_ture Total _ CapFure _Capture Aquacul_ture Total _ ‘;I)Vrcc))::liicttoi:j:
marine inland production production | marine inland production production
areas areas areas areas
Million tonnes (live weight) Percentage
World 79.3 11.6 80.0 170.9 46.4 6.8 46.8 100.0 100.0
Africa 6.4 2.9 2.0 11.3 57.0 25.4 17.6 100.0 6.6
Eastern Africa 0.6 1.4 0.2 2.2 28.6 62.3 9.1 100.0 1.3
Middle Africa 0.8 0.5 0.0 1.2 61.9 37.6 0.5 100.0 0.7
Northern Africa 1.8 0.3 1.4 34 51.5 8.1 40.4 100.0 2.0
Southern Africa 1.1 0.0 0.0 1.1 99.0 0.3 0.6 100.0 0.7
Western Africa 2.1 0.8 0.4 3.3 65.5 23.0 11.5 100.0 1.9
Americas 15.7 0.6 33 19.6 79.9 3.1 171 100.0 11.5
Northern America 6.0 0.1 0.6 6.7 89.6 0.8 9.6 100.0 3.9
Caribbean 0.2 0.0 0.0 0.3 86.6 1.4 12.0 100.0 0.2
Central America 1.7 0.2 0.4 2.3 74.8 9.0 16.1 100.0 1.3
South America 7.7 0.3 2.3 10.4 74.5 33 22.2 100.0 6.1
Asia 42.5 7.7 71.5 121.8 34.9 6.3 58.8 100.0 71.2
Central Asia - 0.1 0.0 0.1 - 66.7 333 100.0 0.1
Eastern Asia 20.9 2.4 50.8 74.0 28.2 3.2 68.6 100.0 43.3
South-Eastern Asia 14.9 2.4 11.8 29.1 51.2 8.1 40.7 100.0 17.0
Southern Asia 5.8 2.8 8.5 17.2 337 16.5 49.8 100.0 10.0
Western Asia 1.0 0.1 0.4 1.4 68.8 4.7 26.5 100.0 0.8
Europe 13.3 0.4 2.9 16.6 79.7 2.6 17.7 100.0 9.7
Eastern Europe 4.7 0.4 0.3 5.4 87.5 6.5 6.0 100.0 3.2
Northern Europe 5.9 0.0 1.7 7.7 76.9 0.6 225 100.0 45
Southern Europe 1.4 0.0 0.6 2.1 69.6 0.8 29.6 100.0 1.2
Western Europe 1.1 0.0 0.3 1.5 79.2 1.8 19.0 100.0 0.8
Oceania 14 0.0 0.2 1.6 86.1 1.1 12.8 100.0 1.0
Australia & New Zealand 0.6 0.0 0.2 0.8 741 0.2 25.7 100.0 0.5
Melanesia 0.5 0.0 0.0 0.5 95.7 34 0.9 100.0 0.3
Micronesia 0.3 0.0 0.0 0.3 99.9 0.0 0.1 100.0 0.2
Polynesia 0.0 0.0 0.0 0.0 99.4 0.1 0.4 100.0 0.0
Developed countries 23.0 0.5 4.5 28.1 82.1 1.9 16.0 100.0 16.4
LDC 4.8 4.4 3.7 13.0 37.0 341 28.9 100.0 7.6
Other developing countries  51.4 6.7 71.8 129.9 39.6 5.1 55.3 100.0 76.0
LIC 1.5 1.8 0.3 3.6 42.9 49.3 7.9 100.0 2.1
LIFDC 8.2 5.2 8.8 22.2 37.0 23.3 39.7 100.0 13.0
LLDC - 1.3 0.4 1.7 - 75.2 24.8 100.0 1.0
NFIDC 12.3 5.1 5.6 23.0 53.5 22.3 24.2 100.0 13.4
SIDS 1.6 0.0 0.0 1.7 95.9 1.3 2.8 100.0 1.0

LDC: Least developed countries;

LIC: Low-income countries;

LIFDC: Low-income food-deficit countries;

LLDC: Land-locked developing countries;

NFIDC: Net food-importing developing countries;
SIDS: Small island developing states.
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TABLE 3B

Fisheries and aquaculture production by FAO major fishing areas

Million tonnes

Share of world total (%)

Average annual rate of

growth (%)
1950- 1970- 1990- 2010- 2016 | 1950- 1970- 1990- 2010- 2016 | 1950- 1970- 1990- 2010-
1969 1989 2009 2015 1969 1989 2009 2015 1969 1989 2009 2016
CAPTURE IN MARINE WATERS 33.1 651 817 795 79.3|/100.0 100.0 100.0 100.0 100.0| 6.17 1.83 0.04 0.53
Pacific, Northwest (61) 83 181 209 215 224, 251 278 256 27.1 283| 552 362 -0.42 1.13
Pacific, Western Central (71) 1.7 5.2 96 120 127 5.2 79 118 151 16.1| 1036 3.45 215 1.70
Atlantic, Northeast (27) 7.7 10.8 10.1 85 83| 232 166 124 10.7 105, 3.23 -052 0.01 -0.80
Indian Ocean, Eastern (57) 0.7 2.1 4.8 6.2 6.4 2.2 3.2 5.9 7.8 81| 6.69 562 3.34 1.13
Pacific, Southeast (87) 47 8.6 14.0 8.6 6.3| 140 13.2 17.1 108 8.0 24.26 0.51 -0.98 -3.43
Indian Ocean, Western (51) 0.9 2.1 4.0 4.5 4.9 2.7 3.2 4.8 5.7 6.2 469 440 1.37 2.47
Atlantic, Eastern Central (34) 0.8 3.1 3.7 4.4 4.8 2.3 4.8 4.5 5.5 6.0/ 10.30 2.61 0.07 0.99
Pacific, Northeast (67) 1.0 2.5 2.9 3.0 3.1 3.0 3.8 3.5 3.7 39| 599 1.13 -2.02 4.05
Atlantic, Northwest (21) 3.2 3.3 2.3 1.9 1.8 9.7 5.1 2.8 2.4 23| 3,57 -148 -242 -2.15
Atlantic, Southeast (47) 1.4 2.5 1.5 1.5 1.7 4.4 3.9 1.9 1.9 2.1/ 10.43 -0.76 -0.89 3.64
Pacific, Eastern Central (77) 0.5 1.3 1.6 1.9 1.7 1.5 2.1 2.0 24 21 -044 440 152 -2.61
Atlantic, Southwest (41) 0.4 1.4 2.2 2.0 1.6 1.2 2.1 2.7 2.6 20| 6.63 6.22 0.09 -1.99
Atlantic, Western Central (31) 0.9 1.8 1.7 1.3 1.6 2.7 2.7 2.1 1.7 20 5.04 144 -1.13 4.04
Mediterranean and Black Sea (37) 0.8 1.5 1.5 1.3 1.2 2.5 2.3 1.9 1.6 1.6 133 2.03 035 -2.35
Pacific, Southwest (81) 0.1 0.4 0.8 0.6 0.5 0.2 0.7 0.9 0.7 0.6| 733 10.14 -1.84 -3.46
Atlantic, Antarctic (48) 0.0 0.3 0.2 0.2 0.3 0.1 0.4 0.2 0.3 0.3 0.03 -6.43 3.39
Arctic Sea (18) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ... -33.27
Indian Ocean, Antarctic (58) 0.1 0.0 0.0 0.0 0.1 0.0 0.0 0.0 53.60 -6.32 1.61
Pacific, Antarctic (88) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ... '8.69 0.93
CAPTURE IN INLAND WATERS 3.2 5.3 8.2 111 11.6| 100.0 100.0 100.0 100.0 100.0, 4.47 1.57 2.52 0.89
Asia - Inland waters (4) 1.6 2.7 5.1 7.4 7.7 50.1 50.1 622 66.7 663 566 161 3.65 0.58
Africa - Inland waters (1) 0.6 1.3 2.1 2.7 29| 191 246 259 247 246 599 250 1.67 1.50
Europe - Inland waters (5) 0.1 0.2 0.4 0.4 0.4 3.4 3.8 4.8 3.5 3.8/ 2.13 9.44 -2.37 2.42
America, South - Inland waters (3) 0.1 0.3 0.4 0.4 0.3 3.2 49 4.4 3.3 29| 451 449 136 -1.96
America, North - Inland waters (2) 0.1 0.2 0.2 0.2 0.3 4.2 3.5 2.4 1.6 22| 142 371 -1.13 6.51
Oceania - Inland waters (6) 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.2 0.2| 5.16 16.96 -1.27 0.42
Former USSR area - Inland waters (7) 0.6 0.7 .. 20.0 12.8 1.44
AQUACULTURE 1.5 58 326 67.8 80.0|100.0 100.0 100.0 100.0 100.0| 7.44 8.61 7.92 5.22
Asia - Inland waters (4) 0.6 25 177 40.0 478| 400 443 543 589 59.7| 9.34 10.02 8.68 5.71
Pacific, Northwest (61) 0.3 1.4 9.1 163 18.8| 21.2 25.0 27.7 241 235|11.54 949 7.90 4.25
Pacific, Western Central (71) 0.1 0.4 1.5 3.1 3.8 7.6 6.3 4.7 4.6 47| 597 7.17 6.54 4.79
Atlantic, Northeast (27) 0.2 0.5 1.2 2.0 2.1 13.9 8.9 3.6 29 26| 4.08 376 453 3.28
Africa - Inland waters (1) 0.0 0.0 0.4 1.5 2.0 0.4 0.6 1.2 2.2 24| 7.73 1234 14.29 7.41
Pacific, Southeast (87) 0.0 0.0 0.5 1.3 1.5 0.0 0.4 1.6 2.0 19| 9.15 36.63 12.25 7.70
America, South - Inland waters (3) 0.0 0.0 0.2 0.6 0.7 0.0 0.1 0.6 0.9 0.9 35.53 14.92 5.75
Indian Ocean, Western (51) 0.0 0.1 0.3 0.6 0.1 0.3 0.5 0.8 ... 4647 7.86 25.60
Indian Ocean, Eastern (57) 0.0 0.1 0.3 0.5 0.5 0.9 1.1 0.9 0.8 0.6| 10.47 4.06 11.85 -0.61
Europe - Inland waters (5) 0.1 0.3 0.5 0.5 0.5 4.6 4.6 1.5 0.7 0.6| 940 868 -2.13 1.10
Mediterranean and Black Sea (37) 0.0 0.1 0.3 0.4 0.5 0.4 1.1 0.9 0.6 0.6| 7.68 10.78 5.36 3.24
America, North - Inland waters (2) 0.0 0.1 0.4 0.4 0.4 0.7 2.3 1.2 0.6 05| 8.05 11.01 234 1.1
Pacific, Eastern Central (77) 0.0 0.1 0.2 0.2 0.0 0.2 0.3 0.3 ... 14.22 4.66
Pacific, Southwest (81) 0.0 0.0 0.1 0.1 0.2 0.5 0.3 0.3 0.2 02| 411 824 739 223
Atlantic, Western Central (31) 0.1 0.1 0.1 0.1 0.2 3.7 1.6 0.3 0.2 0.2| 559 -1.16 6.50 -0.28
Pacific, Northeast (67) 0.0 0.0 0.1 0.1 0.1 2.4 0.6 0.3 0.2 0.2| -1.17 275 4.04 2.88
Atlantic, Northwest (21) 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.3 0.2 0.2 191 1464 8.18 0.91
Atlantic, Southwest (41) 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.1 0.1 25.54 21.88 -2.55
Atlantic, Eastern Central (34) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.78 16.04 7.14
Oceania - Inland waters (6) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.77 5.64
Atlantic, Southeast (47) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.54 843
Former USSR area - Inland waters (7) 0.1 0.2 3.6 3.0 1.25




Impacts of climate change on fisheries and aquaculture

TABLE 3C
Apparent food fish consumption (2013)
Total food fish Share of Per capita food fish ~ Share of fish in
supply world total consumption total animal protein
consumed
Million tonnes Kg
live weight Percentage live weight Percentage

World 142.1 100.0 19.8 16.8
Africa 11.2 7.9 10.1 18.4
Eastern Africa 1.9 1.3 5.1 12.2
Middle Africa 1.5 1.0 10.8 31.4
Northern Africa 2.9 2.0 13.8 15.1
Southern Africa 0.4 0.3 6.2 52
Western Africa 4.6 3.2 13.8 324
Americas 14.0 9.9 14.4 7.2
Northern America 7.7 54 21.7 7.6
Caribbean 0.4 0.3 9.0 10.3
Central America 1.9 1.3 1.3 9.4
South America 4.0 2.8 9.8 58
Asia 99.6 70.1 23.2 23.0
Central Asia 0.1 0.1 2.2 1.7
Eastern Asia 62.9 44.3 38.8 24.0
South-Eastern Asia 21.9 15.4 35.3 41.7
Southern Asia 12.8 9.0 7.3 15.2
Western Asia 2.0 1.4 8.0 7.1
Europe 16.2 11.4 21.9 11.3
Eastern Europe 5.1 3.6 17.2 11.0
Northern Europe 2.5 1.8 24.9 11.1
Southern Europe 4.6 3.2 29.2 14.1
Western Europe 4.1 2.9 21.5 9.6
Oceania 1.0 0.7 25.2 10.9
Australia & New Zealand 0.7 0.5 26.1 9.3
Melanesia 0.2 0.1 20.8 17.2
Micronesia 0.0 0.0 33.0 55.4
Polynesia 0.0 0.0 41.5 22.1
Developed countries 31.1 21.9 24.7 12.0
LDC 11.5 8.1 12.8 26.0
Other developing countries 99.5 70.0 19.9 18.6
LIC 3.7 2.6 6.1 16.0
LIFDC 19.3 13.6 7.3 15.7
LLDC 1.9 1.3 4.2 7.0
NFIDC 171 12.0 12.1 19.0
SIDS 1.1 0.8 16.0 15.1

LDC: Least developed countries;

LIC: Low-income countries;

LIFDC: Low-income food-deficit countries;

LLDC: Land-locked developing countries;

NFIDC: Net food-importing developing countries;
SIDS: Small island developing states



Chapter 3: Understanding the impacts: supply and demand trends and prospects

TABLE 3D

Trade in fish and fish products in 2016

Exports*

Imports

Net-
exports

Exports*| Imports

Exports*

Imports

Net-

exports

Exports*

Imports

Value (USD billion)

Share in world

Quantity (million tonnes

Share of world

percent live weight) trade percent
World 1425 135.6 6.9 100.0 100.0 59.8 59.1 0.7| 100.0 100.0
Africa 6.4 5.5 0.9 4.5 4.1 4.2 4.9 -0.6 7.0 8.2
Eastern Africa 1.3 0.7 0.6 0.9 0.5 0.7 0.7 -0.1 1.1 1.2
Middle Africa 0.1 0.9 -0.8 0.1 0.6 0.0 0.7 -0.7 0.1 1.2
Northern Africa 2.3 1.3 1.1 1.6 0.9 1.4 0.8 0.5 2.3 1.4
Southern Africa 1.3 0.4 0.8 0.9 0.3 1.1 0.3 0.8 1.8 0.5
Western Africa 1.4 2.2 -0.8 1.0 1.6 1.0 2.3 -1.2 1.8 3.8
Americas 27.7 27.7 0.0 19.4 20.4 12.8 8.5 4.3 21.3 14.4
Northern America 11.3 23.4 -12.0 8.0 17.2 3.8 5.9 -2.1 6.3 9.9
Caribbean 0.3 0.5 -0.3 0.2 0.4 0.1 0.3 -0.2 0.1 0.5
Central America 2.3 1.2 1.0 1.6 0.9 0.8 0.8 -0.1 1.3 1.4
South America 13.8 2.6 11.3 9.7 1.9 8.2 1.5 6.7 13.7 2.6
Asia 54.5 43.7 10.8 38.2 32.2 224 23.6 -1.2 374 40.0
Central Asia 0.1 0.1 0.0 0.0 0.1 0.0 0.1 0.0 0.1 0.1
Eastern Asia 26.4 32.6 -6.2 18.5 24.0 10.3 15.9 -5.5 17.3 26.9
South-Eastern Asia 19.4 7.3 12.1 13.6 5.4 9.6 5.1 4.5 16.0 8.7
Southern Asia 71 0.7 6.5 5.0 0.5 1.8 0.7 1.1 3.0 1.2
Western Asia 1.5 3.2 -1.7 1.1 2.3 0.6 1.9 -1.2 1.1 3.1
Europe 50.9 56.9 -6.0 35.7 41.9 19.3 214 -2.1 32.2 36.1
Eastern Europe 6.4 5.6 0.7 4.5 4.1 3.4 3.0 0.4 5.7 5.1
Northern Europe 27.3 15.9 11.4 19.2 11.7 9.2 5.8 3.4 15.4 9.8
Southern Europe 7.2 16.6 -9.5 5.0 12.2 2.4 5.8 -3.4 4.1 9.9
Western Europe 10.1 18.7 -8.7 71 13.8 4.2 6.7 -2.4 71 11.3
Oceania 3.0 1.8 1.2 2.1 1.3 1.2 0.8 0.4 2.0 1.3
Australia & New Zealand 2.3 1.6 0.6 1.6 1.2 0.7 0.6 0.0 1.1 1.1
Melanesia 0.5 0.2 0.3 0.3 0.1 0.3 0.1 0.2 0.5 0.2
Micronesia 0.3 0.0 0.2 0.2 0.0 0.2 0.0 0.2 0.3 0.0
Polynesia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Developed countries 66.6 96.4  -29.8 46.0 70.9 24.8 31.7 -6.9 41.4 53.6
LDC 3.1 1.1 2.0 2.2 0.8 2.0 1.4 0.6 3.4 2.3
Other developing countries 72.9 38.2 34.7 51.8 28.3 33.0 26.0 7.0 55.2 441
LIC 1.1 0.7 0.4 0.7 0.4 0.6 0.9 -0.3 1.0 1.5
LIFDC 9.1 3.4 5.7 6.1 2.5 3.2 3.5 -0.3 5.4 5.9
LLDC 0.2 0.5 -0.3 0.2 0.5 0.1 0.7 -0.6 0.2 1.2
NFIDC 10.2 4.0 6.1 7.4 3.2 8.1 3.7 4.4 13.6 6.2
SIDS 2.7 2.3 0.4 1.9 1.8 1.3 1.0 0.3 2.2 1.8

LDC: Least developed countries;
LIC: Low-income countries;

LIFDC: Low-income food-deficit countries;
LLDC: Land-locked developing countries;

NFIDC: Net food-importing developing countries;
SIDS: Small island developing states.

*Re-exports included.
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KEY MESSAGES

e Total maximum catch potential in the world’s exclusive economic zones (EEZs)!
(excluding those bordering semi-enclosed seas) was projected by applying two
distinct approaches to likely decrease under climate change by 2.8 percent to
5.3 percent and 7.0 percent to 12.1 percent by 2050 relative to 2000 under the
“strong mitigation” (RCP2.6) and “business-as-usual” (RCP8.5) greenhouse gas
emission scenarios, respectively. The projected decrease in catch under RCP8.5
becomes 16.2 percent to 25.2 percent by the end of the twenty-first century.

e The projected changes in maximum catch potential varied substantially across
EEZs in different regions, with EEZs in tropical countries showing the largest
decrease, mostly in the South Pacific regions. Catch potential in the temperate
Northeast Atlantic is also likely to decrease in the mid-term (2050s).

® The projected changes in catch potential in the high latitude regions are much more
variable between models, time periods and EEZs because of the high variabilities
in projected oceanographic changes between different Earth system models.

4.1 MODELLING APPROACHES TO PROJECT CLIMATE CHANGE IMPACTS
ON MARINE LIVING RESOURCES
Driven by greenhouse gas emission from human activities, the ocean is getting warmer,
more acidic, and its oxygen content is declining; these changes cause large-scale
changes in marine biodiversity (Portner et al., 2014). The changes in ocean conditions
are expected to continue to alter patterns of global marine primary productivity
(Bopp et al., 2013) and biodiversity (Jones and Cheung, 2015), with consequences
for the potential fisheries catches, impacting food security in the twenty-first century
(Cheung, Reygondeau and Frolicher, 2016; Golden er al., 2016; Lam et al., 2016).
Models of climate impacts on living marine resources have been developed to project
future scenarios of changes in global fisheries resources under climate change. These
models generally have three components: 1) a coupled ocean-atmospheric physical and
biogeochemical model (or Earth system model), 2) a living marine resources model and
3) a fishing model (Cheung ez al., 2016).

! The designations employed and the presentation of information in the EEZ maps in this chapter do not
imply the expression of any opinion whatsoever on the part of FAO cocerning the legal or constitutional
status of any country, territory or sea area, or concerning the delimitation of frontiers or boundaries.
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An Earth system model represents the interactions between the biological, chemical,
and physical processes of terrestrial, atmospheric and ocean systems. It projects past and
future changes in ocean properties across a three-dimensional grid (representing latitude,
longitude, depth) under scenarios of greenhouse gas emissions (Asch et al., 2016). The
key projected ocean properties that are commonly used to assess climate impacts on
living marine resources include sea water temperature, oxygen concentration, pH and net
primary production (Cheung, Reygondeau and Frolicher, 2016).

Living marine resources (LMR) models represent the dynamics of marine ecosystems
under changing ocean conditions. Published global-scale LMR modelling approaches
broadly include size-based (e.g. Blanchard er al., 2012), species-based (e.g. Cheung,
Reygondeau and Frolicher, 2016) and functional group-based (e.g. Christensen er al.,
2015) models. These LMR models project future changes in biomass of upper trophic
level consumers or exploited fish stocks under scenarios of changing ocean conditions.
Such projections are commonly undertaken by driving changes in physiological
processes (e.g. respiration and growth) and/or ecological (e.g. primary production,
consumption, habitat suitability) with changes in ocean conditions.

A fishing component is integrated with the LMR model to calculate the potential
future fish catch. Specifically, in the LMR model, biomass is removed by applying a
fishing mortality term, which provides an estimated maximum catch potential, a proxy
of maximum sustainable yield (MSY) of the resource. This is not the same as the realized
catch, which depends not only on the ecosystem productivity but also the level of fishing
(modelled through fishing mortality rate). The relationship between potential and realized
catch is not simple, as shown in Figure 4.1 and explained here. The estimated catch potential
(both in the past and in the future) is the result of simulating the exploitation of the resource
at an ideal MSY level, taking into consideration the change in ecosystem productivity over
time (and in the future as driven by climate change). The future realized catch (red line
in Figure 4.1) cannot exceed the estimated potential catch in the model in the long-term,
as this is an ecosystem-driven upper limit. However, short-term catches could exceed
potential catch although such catch would not be sustainable. Moreover, catch potential
can exceed current realized catches if, for example, these are below MSY as a result of
inefficient management or because stock rebuilding measures are in place. In other words,
a future change in catch potential compared to the present does not have to be mirrored
with an identical change in realized catch compared to current catch, as management
practices are not fully considered in the model. Indeed, the fishing mortality in the catch
potential estimation may be a simple assumption of fishing rate based on empirical or
theoretical estimation (as used in these simulations), or it may be modelled through fishing
fleet dynamics that represent the interactions between bioeconomics of the fishing fleets
and resource abundance (Christensen et al., 2015; Galbraith, Carozza and Bianchi, 2017).

FIGURE 4.1
Conceptual diagram illustrating the relationship between estimated catch potential, and its
change over time driven by climate considerations and realized catch

A Model estimated
CATCH catch potential

A Catch
potential

Past realized catch Future catch envelope

PAST <4——» FUTURE

The red triangle indicates the possible realized catch in an envelope limited by ecosystem productivity (catch potential) and driven by
management measures depending on future fishing scenarios.
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4.2 SCENARIOS OF THE MARINE ENVIRONMENTAL CONDITIONS FOR
FISHERIES UNDER MITIGATED AND UNMITIGATED CLIMATE CHANGE

In order to constrain the envelope of response of the marine environment to
climate change, the two most contrasting scenarios of greenhouse gas representative
concentration pathways (RCPs) from the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC, 2014) are applied to drive the
projections of the impact on potential fish catches over this century in the EEZs across
the globe. The scenario RCP8.5 assumes an increase in radiative forcing of 8.5 W/m?
at the end of this century with respect to pre-industrial conditions, corresponding to
the highest greenhouse gas emissions in the range of RCP scenarios, and is expected
to lead to a global mean surface temperature increase of about 4.5 °C resulting in
largely unmitigated climate change. The lowest emission scenario (RCP2.6, assuming
a 2.6 W/m? increase in radiative forcing) represents a stringent mitigation of climate
change with an expected increase of global mean surface temperatures below 2 °C
(Meinshausen et al., 2011). For the marine environment the impacts of climate change
at the global scale have been investigated widely in the scientific literature (e.g.
Barange et al., 2014; Gattuso et al., 2015) indicating substantial but geographically
diverse risks for ecosystem services, including fisheries, at levels of greenhouse gas
concentrations beyond RCP2.6. More specifically, for the two main environmental
drivers of change in fisheries potential, global average ocean surface temperature
and primary production, the estimated changes under mitigated climate change
have shown a consistent picture of ocean warming and decreasing marine primary
production across a variety of Earth system models (ESMs). According to Bopp
et al. (2013), unmitigated climate change conditions will lead to an increase of sea
surface temperature of 2.7 °C to £0.72 °C, while marine primary production has been
estimated to decrease by 6 percent + 3 percent by Kwiatkowski et al. (2017) using an
emergent relationship between the sea surface temperature anomaly in the tropical
Pacific and global marine primary production. While these signals are comparatively
robust at the global level, future changes show a much more heterogeneous picture
at the regional level. Hence, to get an estimate of the heterogeneity of responses at
the smaller scale, projected changes were evaluated across all EEZs. This showed
temperature decreases in individual EEZs as large as 6 °C under RCP8.5 and 2.5 °C
under RCP2.6, while the change in surface phytoplankton concentration ranges from
-19 mg/m’ to +5 mg/m? across different EEZs for scenario RCP8.5 and from -11 mg/m?
to +2 mg/m® for RCP2.6 indicating a high potential for substantial heterogeneity in
the system response at the higher trophic levels. The representation of geographical
areas applied in this chapter is based on the EEZ definitions of marine regions?
excluding any disputed areas or joint regimes as well as semi-enclosed seas that are not
well represented by the ESMs.

4.3 BRIEF DESCRIPTION OF THE CLIMATE-LMR MODELS FOR THE
PROJECTIONS IN THIS CHAPTER

In this chapter, the projected changes in potential fisheries catches are based on two
LMR models with different structures (Figure 4.2). The first approach is a species-based
dynamic bioclimate envelope model (Cheung ez al., 2016) while the second approach
uses a dynamic size-based food web model (Blanchard et al., 2012). Both models are
driven by outputs from a selection of different Earth system models made available as
part of the fifth phase of the Coupled Model Intercomparison Project (CMIP5). The
Earth system models were nominally run over the period 1850 to 2005 under historical
forcing, and over the period 2006 to 2100 under the RCP2.6 and RCP8.5 greenhouse
gas scenarlos.

2 http://marineregions.org/ (version 9)
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FIGURE 4.2
Schematic diagram showing the simulation of future changes in potential fisheries catches
under climate change scenarios using the two climate-LMR models: a dynamic bioclimate
envelope model and size-spectrum model
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4.3.1 Dynamic bioclimate envelope model (DBEM)

Outputs were used from a subset of three Earth system models made available as
part of CMIP5: the Geophysical Fluid Dynamic Laboratory Earth System Model 2G
(GFDL ESM 2G), the Institute Pierre-Simon Laplace Climate Model (IPSL-CM5A-
MR) and the Max Planck Institute Earth System Model (MPI-ESM-MR). We used one
single realization of each model. The models were selected based on the availability
of variables from the CMIP5 database (Cheung, Reygondeau and Frolicher, 2016).
The feasible performance of these model systems has been assured in the context of
the CMIP5 initiative (Laufkotter et al., 2015, Kwiatkowski et al., 2017 and references
therein), while the process representation and parameterization among these models
reflects the structural uncertainty involved in these projections. Examples of these
structural uncertainties include differences in spatial resolution, representation of
lower trophic level systems such as the number of phytoplankton functional groups,
and their linkages with other components of ocean biogeochemistry. The Earth system
model outputs that are used to drive the DBEM include: seawater temperature (surface
and bottom), oxygen concentration (surface and bottom), hydrogen ion concentration
(surface and bottom), net primary production (depth integrated), salinity (surface and
bottom), sea ice extent and surface advection. All model data have been regridded onto
a 0.5° x 0.5° grid using a bilinear interpolation method.
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The DBEM was used to simulate changes in distribution, abundance and catches of
910 exploited marine fishes and invertebrates. The overall components of the DBEM are:
1. The current distributions of commercially exploited species, representing the

average pattern of relative abundance in recent decades (i.e. 1970 to 2000), were
produced using an algorithm developed by the Sea Around Us’. The algorithm
predicts the relative abundance of a species on a 0.5° latitude x 0.5° longitude grid
based on the species’ depth range, latitudinal range, known FAO statistical areas
and polygons encompassing their known occurrence regions. The distributions were
further refined by assigning habitat preferences to each species, such as affinity to
shelf (inner, outer), estuaries, and coral reef habitats.

2. An index of habitat suitability for each species in each spatial cell from temperature
(bottom and surface temperature for demersal and pelagic species, respectively),
bathymetry, specific habitats, salinity and sea ice with 30 year averages of outputs
from 1971 to 2000 from Earth system models. DBEM estimated the temperature
preference profile (TPP) of each species by overlaying the estimated distribution
of the species with annual seawater temperature and calculated the area-corrected
distribution of relative abundance across temperature for each year from 1971 to
2000, subsequently averaging annual TPPs. The estimated TPP was used to predict
the thermal physiological performance of a species (aerobic scope) in each area.

3. Population carrying capacity in each spatial cell is a function of the unfished biomass
of the population, the habitat suitability and net primary production. We assumed
that the average of the top ten annual catches was roughly equal to the maximum
sustainable yield of the species.

4. DBEM calculates a characteristic weight representing the average mass of the
individuals of a population in a given spatial cell. The model simulated how changes in
temperature and oxygen content would affect growth and body size of the individuals
using a sub-model derived from a generalized von Bertalanffy growth function.

5. The model simulated changes in relative abundance and biomass of a species based
on changes in population carrying capacity, intrinsic population growth, and the
advection-diffusion of the adults and larvae of the population driven by ocean
conditions projected from the Earth system models. Movement and dispersal of
adults and larvae were modelled through an advection-diffusion-reaction equation
for larvae and adult stages. Larval movement is partly determined by the predicted
pelagic larval duration. Population growth was represented by a logistic function.

6. Maximum catch potential from each population was predicted by applying a fishing
mortality rate at the level required to achieve maximum sustainable yield to the
biomass at that time.

7. Trophic interactions between exploited species are not represented in the model.
For each simulation, changes in total annual maximum catch potential by 2050 (2046

to 2055) and 2095 (2091 to 2100) relative to catch potential in 2000 (1996 to 2005) under

RCP2.6 and RCP8.5 in each of the EEZs of the world ocean were calculated. The

ensemble averages across maximum catch potential projections from the three Earth

system models are presented here.

4.3.2 Dynamic size-based food web model

The size-based model is based on the approach described by Blanchard er al. (2012)
and uses the same parameterization unless stated otherwise below. It distinguishes
fish by their size, but does not consider individual species. The model is driven by
the output of two Earth system models: the Geophysical Fluid Dynamic Laboratory
Earth System Model 2M (GFDL ESM 2M) and three different configurations of the
Institut Pierre-Simon Laplace Climate Model (IPSL-CM5A-LR, IPSL-CM5A-MR,
IPSL-CM5B-LR). These were chosen from the full range of model systems available

> http://www.seaaroundus.org/
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in the CMIP5 archive for their ability to represent the plankton size spectrum. The

performance of these model systems has been evaluated previously (Laufkotter et al.,

2015, Kwiatkowski et al., 2017 and references therein). The ESM outputs that drive the

size spectrum model are monthly sea surface temperatures and surface concentrations

of different plankton functional types (PFTs). In addition, the annual mean vertical
distribution of total plankton biomass is used to infer the depth distribution of fish. All
inputs were spatially averaged over each EEZ; the fish model was subsequently run per

EEZ. For the historical simulation (1850 to 2005), the model was spun up for 50 years

from low fish biomass using the 1850 to 2005 average of temperatures and plankton

concentrations. For the projections (2006 to 2100) the model was initialized with the
final state of the historical simulation.
The size spectrum model consists of the following components:

1. The pelagic fish community is represented by 100 log-spaced weight classes
spanning 1 mg to 100 kg.

2. Trophic interactions are represented explicitly: fish feed according to size-based rules,
preferring prey one hundred times smaller in weight. Accordingly, the smallest fish
feed on large plankton (e.g. diatoms, mesozooplankton), while larger fish feed on
small fish. In the latter case, predation moves biomass from smaller weight classes
(the prey) to larger weight classes (the predator). Prey discovery is mediated by search
rates that depend on predator size (Acufia, Lopez-Urrutia and Colin, 2011).

3. Ingestion and assimilation of food leads to growth of individual fish, which is
represented by moving part of the fish in a size class to the next class.

4. Mortality is a result of predation and intrinsic size-dependent mortality, as well as
fishing represented by a mortality of 0.2/yr for all fish above 1.25 g.

5. Recruitment is not modelled explicitly. Instead, the abundance of the first size class
of fish (1 mg) is derived by extending the plankton size spectrum; this assumes a
continuous size spectrum from plankton to fish.

6. Physiological rates increase with temperature according to an Arrhenius relationship
with activation energy of 0.63 eV. This also affects trophic interactions.

7. The plankton community is represented with ten size classes per tenfold increase
in weight, which requires a total of 70 (IPSL) to 120 (GFDL) size classes. For each
plankton functional type in the ESM, we distribute their biomass over their specific
weight range such that each interval of the same width (in log space) contains equal
biomass. Weight ranges per plankton type were provided by the authors of the
ESMs (IPSL) or based on the nominal size ranges employed in other models for the
same PFT (GFDL). The final plankton size spectrum is constructed by combining
the size spectrum contributions of all PFTs.

8. The fish model is driven with monthly mean surface concentrations of each
plankton functional type, which are converted to concentrations of each plankton
size class. The fish model subsequently simulates size spectra of the fish community
in the surface ocean. The predicted fish concentrations at the surface are converted
to depth-integrated biomass by taking the vertical distribution of fish proportional
to the annual mean vertical distribution of plankton.

4.4 FUTURE PROJECTIONS OF FISHERIES CATCHES UNDER CLIMATE
CHANGE

Overall, total maximum catch potential in the world’s EEZs (excluding those bordering
semi-enclosed seas) was projected to decrease under climate change with both DBEM
and the size-based model (Figures 4.3 to 4.6). Specifically, maximum catch potential
was projected to decrease by 2.8 percent to 5.3 percent and 2.8 percent to 4.3 percent
under RCP2.6 by 2050 and 2095 relative to 2000 respectively. In contrast, the decrease
was larger, 7.0 percent to 12.1 percent and 16.2 percent to 25.2 percent by 2050 and
2095 relative to 2000, respectively, under RCP8.5. Overall, the projections of changes
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in future global catch potential are consistent between the two climate-LMR models,
although projections by DBEM are more sensitive to the climate scenarios than those
by the size-based model.

The projected changes in maximum catch potential varied substantially across EEZs
in different regions (Tables 4.1 and 4.2 of the Appendix). Averaged across the two
climate-LMR models, EEZs that show the largest decrease (less than -40 percent) by
the end of the century are in tropical countries, mostly in the South Pacific regions.
These tropical countries include Nauru, Kiribati, Tuvalu, Ecuador, Palau, Micronesia
(Federated States of) and Tokelau. However, in the mid-century timescale, in addition
to tropical EEZs, potential catches in EEZs in the temperate Northeast Atlantic were
also projected to decrease substantially (about -30 percent). In contrast, high latitude
regions are often projected to increase in catch potential, or at least experience much
less of a decrease. Increases in catch potential are seen in both models near the Southern
Ocean, and particularly in the DBEM in the waters around Norway, the Russian
Federation and Greenland, and Canada. However, projections from DBEM and
the size-based models vary considerably at regional scales in the Arctic region, with
DBEM projecting a substantial increase in potential catch while size-based models
project decreases or slight increases in potential catch in many polar regions.

FIGURE 4.3
Projected changes in maximum catch potential (%) under RCP2.6 by 2050 (A: 2046 to 2055)
and 2095 (B: 2091 to 2100) for the DBEM projections

A Catch potential mid century RCP2.6 - DBEM
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FIGURE 4.4
Projected changes in maximum catch potential (%) under RCP8.5 by 2050 (A: 2046 to 2055)
and 2095 (B: 2091 to 2100) for the DBEM projections

A Catch potential mid century RCP8.5 - DBEM
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FIGURE 4.5
Projected changes in maximum catch potential (%) under RCP2.6 by 2050 (A, 2046 to 2055)
and 2095 (B, 2091 to 2100) for the size-based model

A Catch potential mid century RCP2.6 — dynamic size-based food web model

B Catch potential end of century RCP2.6 — dynamic size-based food web model




72

Impacts of climate change on fisheries and aquaculture

FIGURE 4.6
Projected changes in maximum catch potential (%) under RCP8.5 by 2050 (A: 2046 to 2055)
and 2095 (B: 2091 to 2100) for the size-based model

A Catch potential mid century RCP8.5 — Dynamic size-based food web model

4.5 DISCUSSION

The projected decrease in maximum catch potential may be driven by the direct
effect of warming on fish physiology, by a decrease in their food (phytoplankton
and zooplankton), and/or loss of habitat. Despite the fact that the two LMR models
differ considerably in their representation of these drivers, they largely agree on the
direction and magnitude of change in catch potential (Figures 4.3 to 4.6). A main
reason for the high level of agreement between the two climate-LMR models is that
changes in potential catches in both models are strongly driven by changes in plankton
productivity. While both models are also affected by temperature, they differ in
implementation: in the DBEM temperature affects fish distribution, growth, body size
and mortality, while in the size-spectrum model it universally affects physiological
rates. For the size-spectrum model in particular, this implies that a temperature increase
does not have a uniquely positive or negative impact on stocks or catches. Accordingly,
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it seems likely that the main cause of the decrease in global catch potential projected by
both models is the decrease in plankton productivity.

Changes in temperature and oxygen may dampen or enhance the effect of changes
in plankton productivity. For instance, while consistently large decreases in catch
potential in tropical regions, particularly the South Pacific, may primarily be as a result
of a decrease in plankton productivity, simultaneous loss of habitat can exacerbate this.
Particularly, in DBEM, the combination of changes in ocean conditions in the tropical
oceans are outside the scope of the preferred environment predicted by the model,
causing a decrease in habitat suitability and thus abundance of exploited species. In
some cases, species were projected to become locally extinct in these tropical areas, and
the rate of local extinction increases with atmospheric carbon dioxide concentration
(Cheung, Reygondeau and Frolicher, 2016). Other species that can tolerate or adapt to
the future environmental conditions in the tropical regions may increase in abundance,
but these species are not currently important to fisheries and thus not included in the
model.

The projected changes in catch potential in the high latitude regions are much more
variable between models, time periods and EEZs. In some areas, warming and increased
net primary productivity in high latitude regions by the 2050s were projected to increase
ecosystem productivity and open up new habitats for species to grow and expand into,
leading to an increase in potential catches. However, towards the end of the twenty-
first century, some Earth system models project an increase in nutrient limitation in
the Arctic, leading to a decrease in net primary production. As a result, catch potential
is projected to decrease. The differences in relative sensitivity of projected changes in
catch potential to changes in temperature and plankton productivity between DBEM
and the size-based model contribute to the variability of their projections.

These projected changes in catch potential in the world’s EEZ provide an indication
of the potential vulnerability and risk of impacts on the marine living resources to
climate change; they should be interpreted with caution, taking into consideration
a few key areas of uncertainties of the climate-LMR models. The key uncertainties
and their potential implications for interpreting the risks and vulnerabilities are
summarized in the following:

e Earth system models have substantial biases in coastal regions, particularly in
upwelling regions where fisheries productivity is often very high. Therefore,
projections for fisheries in EEZs that are predominantly operating in the near-
shore and upwelling regions have low confidence; similarly potentially important
features like regime shifts and tipping points are not always captured by these
models, particularly where these are triggered by regional mesoscale dynamics.

e The range of the projected climate change and the related response of the
ecosystem among the different Earth system models is considerable (Bopp et al.,
2013), particularly at the regional level, and for individual EEZs it often equals or
exceeds the average change itself.

¢ Neither the DBEM nor the size-based model incorporate mechanisms related to
the capacity of fish species to adapt to climate change. Such adaptation would
be possible through selection operating on standing genetic diversity in traits
associated with temperature sensitivity and changes in food availability, as well
as evolutionary or trans-generation adaptation in these traits. These mechanisms
have the potential to reduce the sensitivity of marine species and ecosystems to
climate change.

® In both models, trophic feedbacks from upper trophic levels to biogeochemical
properties of the climate and ocean systems are not considered. Although the
effects of such trophic feedbacks on future catch potential are currently not clearly
characterized and may have relatively smaller contributions to changes in future
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catch compared to the direct effects of climate change, the lack of understanding
contributes to the general uncertainty of the projections.

e The scenarios represent hypotheses of greenhouse gas emission pathways at the
global level, they do not include hypotheses of specific mitigation or adaptation
strategies by individual countries or organizations.

e Changes in catch potential essentially reflect future changes in the productive
capacity of the regions considered compared to present capacity. These changes
do not necessarily reflect expected changes in realized catches in the future
compared to the present. While they constitute an upper boundary of the long-
term sustainable catch, translating potential into realized catches depends on past
and future exploitation and management practices.

Overall, the two climate-LMR models integrate the current understanding about
the main mechanisms linking greenhouse gas emission, changes in ocean conditions,
marine ecosystems and fisheries. The models help to provide quantitative assessments
on the potential risk of impacts of climate change on marine living resources under
alternative emission scenarios. The results highlight that increasing carbon emissions
are likely to reduce global fisheries catch potential with regional variations. The
projections have higher confidence in suggesting high risk of impacts in tropical
regions, as reflected by the agreement between the two climate-LMR models. Regional
variations and confidence of the projections are further discussed and reflected in the
regional chapters of this report.
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APPENDIX 4.1

TABLE 4.1

Projected changes in catch potential (%) by 2050 and 2100 relative to 2000 under RCP2.6 and RCP8.5 based on
outputs from the dynamic bioclimate envelope model. The table shows the average change per EEZ, as well as the
variability (range) around the average, representing the different estimates from the array of climate models used
to drive the fisheries projections

Scenarios DBEM model: DBEM model: DBEM model: DBEM model:

Mid Century RCP2.6 Mid Century RCP8.5 End of Century RCP2.6 End of Century RCP8.5
Metric Average Range Average Range Average Range Average Range
American Samoa -1.96 4.34 -9.52 16.81 -4.98 3.07 -66.73 27.57
Angola -23.70 32.41 -43.65 16.66 -19.97 37.34 -63.95 26.56
Antigua and Barbuda -5.46 15.26 -0.36 27.58 -1.81 14.16 9.93 64.67
Argentina -1.23 3.35 -2.94 4.08 -1.28 0.45 -2.41 6.70
Australia -6.37 9.12 -10.54 17.87 -8.76 13.46 -30.24 42.30
Macquarie Island -15.15 8.74 14.72 71.77 50.51 239.79 595.06 1665.25
(Australia)
Bangladesh -1.24 7.84 1.59 21.82 5.10 5.78 -18.69 43.66
Bahamas -7.53 6.04 -3.73 9.96 1.61 20.42 -13.06 24.78
Barbados -12.91 27.16 -18.60 28.22 -9.22 22.52 -30.60 38.62
Belgium -24.94 18.72 -25.81 27.74 -23.60 11.73 -38.68 28.43
Bermuda 2.95 6.65 1.29 14.45 3.31 15.61 6.83 26.59
Bouvet Island -11.49 11.25 -6.02 12.40 -5.03 8.13 -5.66 10.56
Brazil -7.27 8.17 -11.01 3.39 -5.44 8.68 -28.91 23.12
Trindade and Martim Vaz 1.54 24.38 7.94 33.78 7.98 28.12 11.76 64.78
Island (Brazil)
Belize 9.25 60.95 32.72 105.26 6.83 45.81 -40.04 56.34
Chagos Archipelago -6.65 7.69 -13.06 15.54 -7.65 8.97 -66.38 42.19
Solomon Islands -25.61 39.37 -50.79 20.76 -31.73 43.15 -82.98 8.08
British Virgin Island -5.16 5.06 -0.03 13.24 1.09 11.95 2.38 30.74
Brunei Darussalam -1.62 18.59 -20.07 36.44 -5.53 20.23 -52.77 19.81
Myanmar -0.12 12.84 1.37 46.57 1.76 14.71 -16.59 86.66
Cambodia -9.66 7.67 -26.45 35.40 -11.85 2.26 -97.93 4.98
Cameroon -18.28 66.23 -34.01 73.48 -19.45 69.44 -55.42 14.30
Cabo Verde 17.52 17.00 24.03 8.60 20.93 17.87 26.92 9.01
Cayman Islands -9.33 12.57 -12.35 11.57 -5.20 11.97 -52.49 50.94
Sri Lanka -6.91 11.51 -16.08 24.32 -6.00 7.85 -63.26 31.93
Chile 4.08 8.53 10.19 16.92 4.56 10.48 34.81 47.78
Easter Island (Chile) 12.72 21.12 20.42 24.20 9.96 22.62 55.40 80.55
Desventuradas Islands -1.76 7.66 -2.93 6.03 -4.51 8.32 -5.06 21.29
(Chile)
China -6.38 9.13 -11.07 4.24 -6.97 7.84 -24.07 2.94
Taiwan Province of China -11.12 18.80 -18.32 13.10 -10.62 12.55 -32.62 17.86
Christmas Island 3.58 15.49 5.52 16.39 1.37 7.22 -25.40 67.02
Cocos (Keeling) Islands 0.57 8.75 2.95 8.98 0.58 4.40 -4.71 43.41
Comoros 0.51 14.51 -9.82 8.60 -0.82 16.78 -46.51 84.82
Mayotte 3.58 16.32 -10.96 20.62 1.81 15.43 -48.84 92.19
Democratic Republic of -46.29 22.53 -53.86 25.22 -48.51 24.77 -63.79 29.31
the Congo
Congo -29.09 36.06 -42.65 24.89 -33.82 52.05 -60.57 35.16
Cook Islands -4.23 4.84 -24.44 29.50 -8.33 4.64 -52.72 2.89
Cuba -10.82 13.65 -15.25 21.56 -3.57 18.74 -40.06 16.91
Benin -20.91 63.99 -24.68 73.89 -15.34 70.36 -65.97 33.28
Dominica -11.79 14.46 -11.87 21.16 -9.38 10.27 -21.72 35.06
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Scenarios DBEM model: DBEM model: DBEM model: DBEM model:

Mid Century RCP2.6 Mid Century RCP8.5 End of Century RCP2.6 End of Century RCP8.5
Metric Average Range Average Range Average Range Average Range
Dominican Republic -9.48 11.61 -4.44 17.86 -2.67 13.77 -18.72 31.10
Ecuador -54.67 50.03 -79.45 36.51 -53.45 58.66 -82.36 40.48
Galapagos Islands 2.73 5.19 2.86 18.75 2.48 4.42 -21.19 84.44
(Ecuador)
El Salvador 3.32 28.47 -20.06 122.52 -0.71 24.98 -93.05 9.19
Equatorial Guinea -34.11 41.40 -47.48 51.31 -34.24 41.32 -67.72 19.36
Faroe Islands -6.75 12.89 -15.95 4.48 -14.84 4.1 -37.05 41.41
Falkland Islands (Malvinas) 2.05 3.85 10.56 9.68 6.36 6.22 21.74 13.59
South Georgia and the -2.59 6.64 1.83 27.55 -8.01 3.62 4.28 50.58
South Sandwich Islands
Fiji 3.53 5.76 1.34 10.55 3.17 13.41 -20.80 21.95
Islands in the -1.56 16.34 -11.01 11.85 -3.70 15.99 -54.22 9.47
Mozambique Channel
Tromelin Island -7.72 0.84 -10.81 6.25 -13.04 7.65 -13.84 16.58
French Guyana -12.51 27.61 -0.93 40.83 0.87 11.76 -17.22 100.23
French Polynesia -1.55 10.52 -3.17 16.86 -2.94 10.97 -14.77 15.63
Gabon -48.15 44.61 -63.73 26.62 -47.39 46.50 -69.85 28.94
Gambia 4.63 2.87 6.19 5.73 7.76 5.41 -28.31 18.63
Germany (North Sea) -24.29 45.60 -25.32 35.09 -21.66 28.30 -43.29 55.56
Ghana -25.76 41.22 -35.02 57.28 -25.19 48.87 -76.15 6.84
Greenland 65.46 162.81 73.21 230.49 73.62 248.28 81.41 268.58
Grenada -13.93 53.46 -12.57 52.34 0.21 44.23 7.66 143.38
Guadeloupe -7.81 13.08 -4.83 21.10 -6.35 12.02 -2.43 52.53
Guam -3.43 6.70 -8.74 6.00 -6.93 3.86 -83.13 27.16
Guinea -14.29 43.80 -30.32 58.47 -14.62 45.34 -65.00 17.31
Guyana -4.88 19.34 -4.36 33.92 4.03 2.63 -1.31 96.81
Haiti -7.93 17.17 -5.93 24.76 -3.83 14.93 -51.05 34.89
Heard and McDonald -9.00 14.48 -7.16 13.54 -15.51 20.19 -22.91 5.07
Islands
Iceland 23.60 75.01 10.92 71.57 10.69 62.65 -5.38 61.88
India (mainland) -10.30 23.92 -17.03 42.38 -7.18 16.64 -43.67 61.93
Andaman and Nicobar 0.25 5.40 1.50 26.46 -1.79 3.71 -50.09 64.87
Islands
Indonesia (eastern) -12.51 16.37 -31.60 28.27 -17.42 21.19 -64.43 26.00
Ireland -33.43 74.12 -39.44 69.86 -33.88 68.30 -50.52 70.67
Cote d'lvoire -31.14 39.51 -37.73 52.06 -31.82 55.17 -72.25 6.29
Jamaica -4.82 5.80 3.19 23.56 -1.36 7.37 -39.78 41.36
Japan -3.85 10.53 -6.20 4.92 -1.61 5.93 -11.85 17.36
Johnston Atoll 0.08 9.41 -11.24 17.10 -2.58 6.66 -37.23 60.77
Kenya 1.88 9.43 2.02 24.14 3.42 9.75 -48.43 74.28
Democratic People’s 0.82 4.96 -3.16 15.71 -2.49 5.63 -8.77 15.40
Republic of Korea
Republic of Korea 3.74 8.64 4.06 4.48 2.16 9.49 -4.57 4.67
Liberia -41.32 51.40 -44.32 65.61 -38.81 58.65 -76.26 9.40
Madagascar -1.84 16.52 -12.20 6.64 -4.59 17.66 -39.90 25.75
Malaysia -10.00 18.79 -25.17 32.45 -15.22 11.23 -64.94 42.70
Sabah (Malaysia) -7.08 16.97 -20.80 49.47 -10.54 14.09 -55.24 8.16
Maldives -11.17 13.85 -30.97 57.40 -9.73 10.85 -84.97 5.54
Sarawak (Malaysia) -15.35 20.20 -29.01 43.37 -17.45 13.88 -51.93 42.79
Martinique -12.57 20.54 -14.32 27.31 -9.60 15.67 -27.39 34.41
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Scenarios DBEM model: DBEM model: DBEM model: DBEM model:
Mid Century RCP2.6 Mid Century RCP8.5 End of Century RCP2.6 End of Century RCP8.5

Metric Average Range Average Range Average Range Average Range
Mauritania -5.26 5.55 -6.13 5.01 -4.42 9.29 -17.36 23.76
Mauritius -3.32 11.76 0.23 18.94 -6.54 17.15 -4.34 16.73
Hawaii (United States of -3.01 12.23 -7.35 14.13 -0.43 7.99 -16.83 25.65
America)
Montserrat -5.73 10.96 -1.86 24.72 -3.76 7.63 5.93 57.69
Mozambique -8.51 8.95 -14.25 4.74 -13.70 11.71 -34.90 52.50
Oman -2.94 17.00 -8.92 28.09 -0.75 8.59 -24.82 56.63
Namibia -12.47 15.43 -16.60 17.10 -6.10 9.31 -34.46 22.58
Nauru -45.16 78.51 -98.86 1.85 -42.48 29.01 -99.81 0.13
Netherlands -19.93 27.39 -21.83 23.09 -19.03 17.28 -38.21 41.13
New Caledonia 4.65 19.47 -0.25 2.17 0.64 18.14 -10.68 15.73
Vanuatu 5.69 14.92 1.18 3.74 7.68 30.63 -23.95 21.97
New Zealand -2.82 2.97 -2.27 5.02 1.04 7.18 -0.43 5.38
Nigeria -17.12 64.98 -33.82 70.36 -15.38 68.35 -52.75 26.91
Niue 0.07 17.92 -2.21 12.89 -3.47 19.17 -3.36 21.62
Norfolk Island -1.62 4.45 -0.96 3.26 -2.17 6.09 -10.71 7.81
Norway 3.34 6.41 -2.91 5.00 2.45 13.51 -28.77 45.31
Jan Mayen Island 993.66 2765.99 573.79 1673.96 1148.64 3402.58 777.46 2130.39
Northern Mariana Islands -5.44 3.1 -8.53 4.35 -7.07 4.34 -37.30 56.88
Micronesia (Federated -23.79 41.93 -65.55 41.18 -32.57 47.73 -96.73 3.26
States of)
Marshall Island -12.04 25.80 -39.47 30.68 -15.56 27.70 -82.13 16.45
Palau -24.23 48.14 -71.41 52.65 -31.16 53.19 -99.30 1.04
Pakistan -9.20 47.19 -13.64 52.58 -0.68 27.42 -22.71 88.03
Papua New Guinea -18.40 19.57 -35.87 3.21 -25.83 15.27 -61.19 13.11
Peru -8.75 4.73 -30.21 24.30 -9.57 9.23 -55.30 43.93
Philippines -8.26 19.61 -23.72 35.15 -11.22 15.30 -59.21 25.70
Pitcairn Islands 791 22.63 9.52 13.63 4.30 23.71 14.26 22.41
Portugal -12.28 2.74 -14.75 23.05 -16.43 5.83 -24.54 50.20
Madeira Islands -14.29 23.32 -19.72 17.15 -17.33 25.83 -22.52 25.75
Azores (Portugal) -15.28 13.79 -19.24 11.27 -6.83 32.78 -40.11 8.40
Guinea-Bissau -14.32 45.35 -20.95 47.01 -10.86 40.13 -65.03 29.23
Timor-Leste -5.16 10.65 -8.87 18.55 -8.18 9.09 -45.65 48.37
Puerto Rico -6.54 8.55 -2.69 14.47 -2.61 11.23 -4.30 30.89
Réunion -6.05 9.90 -11.17 15.19 -12.52 16.33 -15.73 19.46
Russian Federation 60.31 73.74 75.38 66.06 62.85 63.48 138.03 191.10
Saint Helena -4.21 9.95 -3.23 18.60 -1.65 833 -5.27 22.92
Saint Kitts and Nevis -7.09 8.22 -1.59 25.19 -4.34 8.64 6.37 58.53
Anguilla -6.67 7.21 -2.25 17.74 -0.68 10.69 4.02 45.35
Saint Lucia -17.74 30.11 -23.55 33.05 -12.28 17.58 -40.28 37.04
Saint Pierre and Miquelon -7.00 7.73 -13.71 9.52 -8.21 8.39 -21.37 19.55
Saint Vincent and the -19.26 35.16 -26.05 38.42 -11.69 20.47 -32.17 51.86
Grenadines
Sao Tome and Principe -32.15 34.78 -53.14 48.81 -33.05 32.10 -82.68 12.75
Senegal 1.98 5.00 4.72 10.98 5.17 4.98 -28.38 7.57
Seychelles -8.39 3.36 -15.58 3.68 -8.66 1.92 -68.45 30.02
Sierra Leone -17.21 37.02 -35.13 64.66 -22.69 49.63 -57.41 9.93
Singapore -35.13 61.77 -73.45 61.76 -41.47 34.94 -99.96 0.11
Viet Nam -6.77 8.85 -11.71 9.76 -7.49 2.30 -40.76 16.39
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Scenarios DBEM model: DBEM model: DBEM model: DBEM model:

Mid Century RCP2.6 Mid Century RCP8.5 End of Century RCP2.6 End of Century RCP8.5
Metric Average Range Average Range Average Range Average Range
Somalia -10.30 3.22 -22.39 2.35 -9.52 1.71 -60.89 44.32
Prince Edward Island 3.98 27.14 -0.53 23.96 2.36 18.59 9.24 64.97
Canary Islands -2.58 22.85 -2.51 17.90 -5.17 16.45 6.30 27.03
Suriname -13.84 69.14 -14.49 63.54 0.88 43.03 -16.09 95.44
Svalbard 386.16 897.82 532.97 1272.25 486.22 1097.20 566.33 1236.33
Togo -22.60 62.42 -30.63 74.57 -16.78 69.99 -71.47 18.66
Tokelau -41.69 61.81 -70.36 60.84 -41.10 61.28 -96.04 2.68
Tonga 0.76 16.29 -0.81 11.50 -1.99 18.11 -11.59 18.31
Trinidad and Tobago -10.95 42.24 -12.00 36.51 2.80 29.75 -5.39 97.16
Turks and Caicos Islands -3.68 9.91 5.87 26.83 9.54 35.23 -16.54 51.83
Tuvalu -52.53 78.08 -79.69 29.69 -54.68 69.31 -99.65 0.91
United Kingdom -15.11 29.89 -17.88 43.37 -17.73 25.52 -34.52 49.29
Channel Islands -26.63 35.27 -28.83 37.06 -25.42 35.38 -43.14 33.39
United Republic of 0.80 5.94 -1.60 21.17 2.14 8.90 -52.40 79.76
Tanzania
Palmyra Atoll and -18.97 53.02 -35.80 85.07 -15.49 38.79 -98.68 1.57
Kingman Reef
Jarvis Island -2.37 2.99 -8.99 10.04 -7.49 4.76 -90.58 16.79
Howland Island and Baker -13.16 19.82 -30.31 29.58 -22.02 20.26 -100.00 0.00
Island
United States of America -3.57 12.48 -6.02 12.46 -9.28 22.69 -12.31 27.59
(West Coast)
United States Virgin -5.01 8.01 -0.58 16.17 -3.48 4.67 3.66 46.62
Islands
United States of America -8.30 9.05 -11.40 12.93 -8.98 11.50 -36.29 7.83
(East Coast and Gulf of
Mexico)
Ascension Island -6.57 9.98 -8.70 7.34 -3.10 3.53 -25.47 42.43
Tristan da Cunha Island 5.31 13.27 9.04 12.75 8.70 12.70 25.42 29.63
Uruguay -8.79 20.69 -10.43 46.02 -5.91 21.68 -17.65 53.24
Venezuela (Bolivarian -15.77 37.97 -16.24 42.13 -5.07 13.74 -23.97 57.42
Republic of)
Wake Island -3.69 5.39 -11.12 1.31 -5.39 12.12 -19.84 19.62
Wallis and Futuna Island -4.58 8.29 -13.44 33.00 -7.05 9.28 -81.75 6.06
Samoa -2.86 2.40 -6.65 28.10 -5.49 1.81 -77.82 2.41
St Paul and Amsterdam -2.71 13.03 0.02 10.29 -1.83 16.89 3.30 18.98
Islands (French Southern
and Antarctic Territories)
Crozet Islands (French -6.38 13.48 -9.01 5.60 -9.36 25.14 -7.81 34.22
Southern and Antarctic
Territories)
Kerguelen Islands (French -5.57 7.22 -3.40 15.81 -1.06 30.57 6.16 55.21
Southern and Antarctic
Territories)
Clipperton Island 0.05 0.33 -1.00 7.34 -2.46 5.25 -64.30 97.98
Saint Barthélemy -8.30 6.73 -2.06 26.47 -5.38 8.33 8.70 69.63
Saint-Martin (French Part) -8.67 1.49 -3.62 19.25 -6.78 7.14 4.61 56.62
Curacao -18.33 49.71 -22.46 56.08 -11.97 28.39 -14.29 102.91
Bonaire -19.70 51.38 -22.59 58.39 -11.50 17.84 -6.90 124.97
Sint Eustatius and Saba -7.81 5.34 -2.37 24.94 -5.48 5.67 4.42 57.17
Sint Maarten (partie -9.35 3.58 -4.50 20.32 -7.15 6.03 3.82 59.60
néerlandaise)
France (Atlantic Coast) -22.65 37.56 -26.12 32.54 -24.53 39.63 -37.96 22.16
Honduras (Pacific) -0.25 23.49 -17.93 99.27 -2.46 20.50 -92.54 8.93
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Scenarios DBEM model: DBEM model: DBEM model: DBEM model:
Mid Century RCP2.6 Mid Century RCP8.5 End of Century RCP2.6 End of Century RCP8.5

Metric Average Range Average Range Average Range Average Range
Honduras (Caribbean) -0.82 27.54 20.58 78.94 1.76 22.03 -26.04 55.05
Canada (Pacific) 1.22 12.11 3.37 16.32 0.34 12.84 14.06 15.60
Canada (East Coast and 6.32 15.72 8.57 19.79 4.49 23.59 -6.51 38.82
Arctic)
Colombia (Caribbean) -2.65 46.92 -0.64 60.06 1.07 41.77 -37.74 12.77
Colombia (Pacific) -4.57 43.68 -14.66 66.30 0.51 39.24 -52.65 89.00
Costa Rica (Caribbean) 4.58 48.70 31.39 152.89 3.54 39.37 -54.33 21.36
Costa Rica (Pacific) 1.16 20.17 -14.48 80.55 0.12 22.59 -89.04 16.44
Denmark (North Sea) -23.88 51.71 -26.64 38.84 -21.82 34.18 -44.04 56.27
Guatemala (Pacific) 6.06 13.70 -13.30 96.89 0.67 15.59 -94.28 6.58
Indonesia -12.70 30.76 -28.63 49.59 -18.35 29.62 -62.70 32.52
Kiribati (Gilbert Islands) -34.16 56.96 -72.61 35.43 -41.82 37.07 -94.04 3.56
Kiribati (Line Islands) -1.92 4.08 -18.78 24.18 -7.98 0.93 -93.76 9.92
Kiribati (Phoenix Islands) -43.85 67.23 -59.76 56.04 -46.94 56.87 -99.66 0.49
Mexico (Atlantic) -15.76 30.56 -32.19 2.28 -3.28 40.49 -43.05 16.57
Mexico (Pacific) -0.25 11.49 -6.55 21.55 -4.92 18.46 -28.61 30.74
Morocco (South) -2.38 1.72 -6.59 13.43 -7.32 14.64 -14.46 19.68
Nicaragua (Caribbean) -3.19 27.61 17.30 73.22 1.40 25.30 -35.09 46.19
Nicaragua (Pacific) 4.05 26.96 0.97 80.03 1.96 25.39 -92.15 9.77
Panama -5.38 28.92 -20.00 58.50 -3.66 30.22 -73.42 27.41
South Africa -8.25 12.96 -15.26 16.26 -9.54 15.38 -21.19 25.22
Thailand (Andaman Sea) 0.66 15.48 -8.82 51.55 -1.62 17.93 -34.38 58.20
Thailand (Gulf of -9.87 8.88 -26.08 16.81 -12.21 3.92 -95.03 7.65
Thailand)
United States of America 10.31 36.77 13.14 55.27 8.00 20.63 33.74 125.58
(Alaska)
Spain (Northwest) -16.13 30.01 -19.43 20.12 -19.37 34.22 -27.54 2.53
Aruba -16.98 46.43 -22.78 50.27 -11.66 23.74 -23.03 73.53
fles Glorieuses 1.45 13.32 2.17 23.58 -0.53 15.81 -37.29 79.95
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TABLE 4.2

Projected changes in catch potential (%) by 2050 and 2100 relative to 2000 under RCP2.6 and RCP8.5 based on outputs
from the dynamic size-based food web model. The table shows the average change per EEZ as well as the variability
(range) around the average, representing the different estimates from the array of climate models used to drive the
projections

Scenarios Dynamic size-based Dynamic size-based Dynamic size-based Dynamic size-based
food web model: food web model: food web model: food web model:
Mid Century RCP2.6 Mid Century RCP8.5 End of Century RCP2.6 End of Century RCP8.5
Metric Average Range Average Range Average Range Average Range
American Samoa -2.22 15.34 -7.61 48.31 -2.96 21.61 -6.55 90.51
Angola -10.90 28.37 -30.10 33.31 -7.43 2.25 -51.51 62.34
Antigua and Barbuda -21.46 46.02 -18.74 51.96 -21.46 45.07 -24.14 53.12
Argentina -1.46 5.20 -3.67 3.53 -1.95 2.13 -13.82 18.28
Australia -3.00 4.25 -12.24 12.80 -0.45 4.11 -34.05 30.66
Macquarie Island -3.47 10.21 1.67 11.53 1.54 7.57 -3.85 14.26
(Australia)
Bangladesh 0.65 2.77 -1.70 7.22 0.74 3.00 -3.51 12.57
Bahamas -13.71 26.12 -17.31 13.85 1.75 9.24 -10.99 55.95
Barbados -21.03 40.97 -16.60 41.08 -17.83 28.59 -22.32 41.18
Belgium -7.95 -5.96 -8.61 -19.21
Bermuda -2.37 2.10 -13.52 14.59 13.27 23.00 -17.99 38.63
Bouvet Island 1.70 11.65 484 25.05 5.30 16.64 10.62 43.45
Brazil -0.84 1.87 -6.57 10.39 0.00 1.85 -14.70 22.36
Trindade and Martim Vaz 20.58 25.77 15.74 44.68 16.97 5.27 -16.13 35.69
Island (Brazil)
Belize -14.65 16.04 -17.49 25.69 -14.14 18.12 -27.16 20.72
Chagos Archipelago -25.71 27.52 -37.08 35.07 -20.52 37.51 -58.04 47.60
Solomon Islands -4.01 13.11 -18.74 31.97 -12.71 17.03 -47.10 24.30
British Virgin Island -14.29 20.82 -11.88 22.51 -16.75 46.14 -14.83 16.24
Brunei Darussalam -10.94 43.04 -13.41 26.96 -8.85 33.61 -28.42 22.59
Myanmar 6.32 1.87 2.04 15.84 4.15 4.86 4.19 24.76
Cambodia -3.55 16.13 -0.71 21.13 -4.26 10.58 2.12 31.32
Cameroon -6.77 19.89 -3.94 11.68 -3.76 5.20 -10.79 20.45
Cabo Verde -12.31 27.42 -33.31 33.02 -7.39 41.66 -58.31 44.76
Cayman Islands -14.63 16.10 -14.37 17.05 -12.20 18.31 -20.53 13.23
Sri Lanka -35.67 36.64 -43.66 55.18 -22.93 18.35 -68.48 68.78
Chile -3.58 6.85 -3.60 17.88 -4.29 9.32 -3.38 46.33
Easter Island (Chile) 10.63 31.93 10.64 52.63 11.36 17.13 31.01 142.96
Desventuradas Islands 3.05 5.16 12.92 13.93 2.54 16.14 24.97 29.81
(Chile)
China -4.20 6.09 -4.74 9.40 -4.20 5.72 -9.20 11.44
Taiwan Province of China -13.06 19.88 -17.95 12.58 -10.72 15.90 -30.68 25.52
Christmas Island 10.81 11.79 -2.70 33.53 3.68 8.41 -15.02 54.64
Cocos (Keeling) Islands 14.29 21.08 -10.43 40.42 1.90 0.91 -33.95 57.87
Comoros -16.88 23.12 -20.10 27.68 -14.02 14.22 -32.27 41.14
Mayotte -12.32 15.07 -15.83 17.67 -10.14 9.98 -24.73 31.19
Democratic Republic of -10.82 10.59 -10.76 14.87 -9.62 8.23 -23.63 17.53
the Congo
Congo -3.16 9.80 -1.98 9.95 -3.16 9.59 -2.33 19.04
Cook Islands 3.96 14.02 -7.67 40.89 3.96 18.14 2.39 86.39
Cuba -13.48 22.87 -12.61 20.31 -10.11 19.96 -17.82 10.87
Benin -21.86 37.98 -18.41 52.59 -18.97 40.06 -36.65 64.39
Dominica -25.16 46.35 -22.85 49.23 -22.55 39.24 -27.82 45.18
Dominican Republic -16.98 26.79 -13.63 29.61 -16.04 36.55 -19.31 14.94
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Scenarios Dynamic size-based Dynamic size-based Dynamic size-based Dynamic size-based
food web model: food web model: food web model: food web model:
Mid Century RCP2.6 Mid Century RCP8.5 End of Century RCP2.6 End of Century RCP8.5
Metric Average Range Average Range Average Range Average Range
Ecuador -2.27 13.35 -20.53 39.15 -3.65 6.01 -31.24 38.15
Galapagos Islands -4.04 6.22 -9.56 31.37 -2.91 7.46 -19.27 47.01
(Ecuador)
El Salvador -2.79 10.80 -7.57 49.74 -2.79 4.42 -0.82 77.34
Equatorial Guinea -13.78 9.42 -15.06 31.71 -9.76 11.06 -31.45 42.03
Faroe Islands -10.62 26.58 -21.83 80.79 -26.34 28.64 -37.79 119.16
Falkland Islands (Malvinas) -0.42 2.61 -4.31 6.17 0.14 4.12 -7.99 16.06
South Georgia and the 5.88 16.96 5.17 24.26 -1.31 14.42 17.81 47.16
South Sandwich Islands
Fiji 1.78 21.62 -11.22 35.14 -0.85 29.09 -35.49 30.81
Islands in the -7.05 4.77 -16.99 9.87 -7.45 11.08 -27.52 21.56
Mozambique Channel
Tromelin Island -15.50 17.17 -19.13 24.95 -16.00 18.02 -29.47 38.79
French Guyana -7.14 5.45 -8.19 12.97 -4.15 7.25 -13.84 16.77
French Polynesia -2.75 2.59 -10.60 22.88 -0.40 8.31 -10.44 57.02
Gabon -4.63 7.15 -2.25 5.98 -4.37 4.23 -4.34 15.41
Gambia -26.19 29.86 -22.77 26.62 -12.52 30.02 -44.37 43.94
Germany (North Sea) -19.47 20.50 -18.87 28.15 -24.09 20.52 -24.14 23.37
Ghana -32.17 30.42 -26.26 50.37 -21.72 38.24 -45.24 65.30
Greenland -1.71 38.21 -0.22 51.22 -1.02 21.25 -24.73 43.33
Grenada -8.49 32.39 -7.52 35.98 -15.44 27.37 -13.15 37.44
Guadeloupe -25.08 51.50 -23.64 54.79 -24.13 44.49 -28.12 54.42
Guam -24.71 19.11 -31.96 17.12 -19.17 23.32 -53.58 21.32
Guinea -26.76 30.90 -18.78 37.79 -22.43 29.11 -30.40 54.33
Guyana -18.69 36.34 -11.88 42,53 -14.59 17.40 -16.46 38.33
Haiti -18.09 25.36 -15.30 25.30 -15.08 31.90 -25.33 21.61
Heard and McDonald 0.00 12.52 -1.72 8.52 1.27 7.41 -4.34 14.82
Islands
Iceland -2.31 22.22 -15.55 61.20 -11.08 18.56 -32.12 83.03
India (mainland) -7.34 17.57 -17.15 34.30 -3.43 2.35 -26.51 58.60
Andaman and Nicobar 5.80 12.71 -5.10 63.30 7.41 13.61 -9.76 79.38
Islands
Indonesia (eastern) 0.99 1.71 -9.91 20.58 -1.64 5.21 -28.59 41.25
Ireland -44.44 60.61 -39.83 98.51 -58.24 82.73 -51.37 83.09
Cote d'lvoire -30.50 28.96 -25.42 49.35 -22.58 35.90 -41.68 65.20
Jamaica -17.07 24.59 -16.75 28.91 -12.80 28.77 -26.73 24.70
Japan -9.22 12.56 -15.01 10.97 -5.18 6.17 -30.26 28.90
Johnston Atoll -9.60 9.46 -27.91 55.13 -7.07 27.18 -42.59 42.49
Kenya -25.79 25.47 -31.84 26.14 -12.43 28.66 -45.68 44.64
Democratic People’s -14.18 20.18 -20.20 21.54 -4.34 24.57 -22.04 41.97
Republic of Korea
Republic of Korea -5.26 6.72 -9.43 13.05 -5.22 9.94 -15.05 14.27
Liberia -29.30 33.15 -25.09 54.08 -27.37 38.38 -37.42 71.19
Madagascar -6.30 8.77 -15.16 7.14 -6.09 8.41 -21.31 14.71
Malaysia 1.90 11.80 -4.28 13.87 4.84 22.55 8.82 33.94
Sabah (Malaysia) -8.26 38.19 -17.15 23.87 -8.26 24.98 -39.29 28.11
Maldives -29.10 23.57 -32.45 25.19 -12.96 20.13 -46.50 39.39
Sarawak (Malaysia) -10.26 33.69 -7.55 19.70 -6.84 25.86 -14.74 16.42
Martinique -23.12 43.47 -22.71 44.97 -20.70 35.33 -27.83 41.88
Mauritania -9.26 29.48 -34.01 41.46 -6.27 36.91 -66.00 59.05
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Scenarios Dynamic size-based Dynamic size-based Dynamic size-based Dynamic size-based
food web model: food web model: food web model: food web model:
Mid Century RCP2.6 Mid Century RCP8.5 End of Century RCP2.6 End of Century RCP8.5
Metric Average Range Average Range Average Range Average Range
Mauritius -17.68 13.46 -21.29 23.81 -17.92 13.43 -30.85 35.58
Hawaii (United States of -19.66 24.29 -32.45 30.54 -7.03 6.92 -53.98 41.66
America)
Montserrat -23.44 48.05 -20.63 55.38 -20.31 41.58 -25.07 49.05
Mozambique -7.86 3.17 -14.66 11.05 -5.08 11.90 -23.30 21.79
Oman -19.91 31.15 -20.89 35.54 -10.63 18.52 -53.27 70.96
Namibia -3.14 9.56 -8.77 37.99 -2.43 1.39 -34.01 40.45
Nauru -26.44 35.97 -36.53 28.98 -11.63 31.24 -55.32 41.10
Netherlands -9.86 9.79 -9.44 18.68 -15.99 11.58 -17.39 21.04
New Caledonia 3.33 16.22 -10.83 33.81 -3.76 3.81 -59.86 34.44
Vanuatu 0.91 6.97 -11.41 19.55 -8.94 1.1 -45.34 13.72
New Zealand -1.58 4.11 -4.49 1.57 1.25 2.65 -10.76 4.42
Nigeria -9.09 23.65 -11.92 40.53 -11.22 22.31 -24.82 53.47
Niue 6.16 17.54 -10.16 42.78 9.32 26.84 -8.68 65.78
Norfolk Island 0.00 10.78 -14.28 9.99 4.60 8.30 -46.32 45.26
Norway -2.80 40.05 -11.35 78.18 -8.67 33.59 -38.19 102.44
Jan Mayen Island 11.66 69.19 6.71 51.87 -2.65 52.12 -28.71 185.90
Northern Mariana Islands -30.03 22.81 -31.82 17.30 -25.87 23.11 -48.40 21.40
Micronesia (Federated -7.80 9.10 -21.04 18.45 -14.56 13.62 -42.98 25.70
States of)
Marshall Island -16.07 6.44 -23.17 27.54 -15.32 18.00 -38.40 29.75
Palau -7.14 13.79 -18.92 17.39 -13.69 7.15 -51.42 20.92
Pakistan -22.96 31.39 -27.54 33.80 -8.30 25.23 -55.04 60.08
Papua New Guinea -6.67 2.71 -16.56 19.65 -7.39 8.53 -35.39 31.04
Peru -4.49 470 -8.88 19.50 -3.16 6.92 -22.68 48.71
Philippines -9.25 23.15 -23.33 23.89 -5.04 16.97 -42.19 26.63
Pitcairn Islands 9.38 25.20 14.40 41.69 5.16 11.89 9.35 66.62
Portugal -67.40 65.79 -36.78 85.48 -65.88 76.90 -42.20 99.75
Madeira Islands -28.46 29.26 -18.27 28.66 -27.98 34.82 -29.04 65.26
Azores (Portugal) -50.82 62.26 -47.24 64.02 -63.53 74.30 -66.75 58.07
Guinea-Bissau -34.14 32.01 -22.68 39.13 -25.67 32.13 -37.49 57.00
Timor-Leste -0.29 7.23 -14.21 21.39 -3.14 1.23 -36.78 46.16
Puerto Rico -18.73 37.28 -14.92 38.74 -16.33 39.64 -20.32 33.26
Réunion -7.39 9.18 -14.20 7.64 -6.82 1.45 -24.07 15.68
Russian Federation 2.97 24.78 -6.64 29.02 2.97 8.25 -22.57 66.34
Saint Helena -14.94 18.12 -24.45 25.46 -0.62 25.64 -42.81 47.35
Saint Kitts and Nevis -21.71 48.44 -18.16 55.99 -19.43 43.34 -24.15 50.81
Anguilla -16.59 31.21 -13.63 37.93 -18.01 47.53 -18.54 34.73
Saint Lucia -20.25 39.17 -20.05 40.15 -17.09 32.62 -24.61 34.64
Saint Pierre and Miquelon -15.13 15.47 -15.20 28.46 -16.14 19.36 -35.59 32.21
Saint Vincent and the -16.38 35.18 -14.07 35.90 -14.66 29.03 -19.19 32.04
Grenadines
Sao Tome and Principe -11.69 7.53 -12.81 30.12 -10.29 9.12 -26.61 35.58
Senegal -29.95 32.02 -30.82 29.32 -10.05 31.38 -49.67 42.70
Seychelles -26.09 32.25 -29.40 35.33 -18.52 28.92 -43.44 50.68
Sierra Leone -29.72 40.08 -22.77 48.25 -26.63 40.41 -33.58 68.06
Singapore -11.11 9.20 -13.75 8.03 -2.62 6.75 -14.10 20.84
Viet Nam -2.78 14.83 -4.27 11.12 0.00 11.30 -6.53 18.22
Somalia -30.71 37.47 -43.37 39.86 -22.78 29.48 -63.81 59.55
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Scenarios Dynamic size-based Dynamic size-based Dynamic size-based Dynamic size-based
food web model: food web model: food web model: food web model:
Mid Century RCP2.6 Mid Century RCP8.5 End of Century RCP2.6 End of Century RCP8.5
Metric Average Range Average Range Average Range Average Range
Prince Edward Island 0.37 4.77 3.33 15.17 6.09 10.33 1.76 12.72
Canary Islands -8.37 21.13 -19.99 18.03 -21.26 29.46 -30.01 58.92
Suriname -18.50 21.56 -15.88 21.05 -5.14 9.77 -22.82 23.07
Svalbard 5.56 92.14 -0.63 112.78 -1.11 82.05 -24.51 84.15
Togo -22.87 36.34 -19.60 53.01 -19.51 40.90 -38.13 64.93
Tokelau -7.50 23.00 -13.45 36.15 -6.19 11.28 -11.98 65.81
Tonga 13.76 21.50 -6.05 39.75 5.46 24.19 -22.55 48.09
Trinidad and Tobago -6.72 27.26 -3.58 31.60 -11.15 17.52 -7.45 30.34
Turks and Caicos Islands -8.09 11.58 -8.86 30.65 3.47 38.49 -9.75 27.95
Tuvalu -7.87 19.63 -21.31 30.73 -10.07 12.10 -33.56 43.60
United Kingdom -27.39 33.77 -25.64 57.13 -42.13 48.06 -40.18 69.16
Channel Islands -45.91 21.83 -30.70 61.88 -50.20 30.01 -38.91 75.69
United Republic of -23.31 27.79 -25.91 28.72 -12.90 27.03 -39.87 46.78
Tanzania
Palmyra Atoll and -11.24 19.08 -23.00 13.12 -10.66 16.25 -33.15 31.86
Kingman Reef
Jarvis Island -7.89 11.06 -21.80 45.45 -3.86 25.52 -55.40 66.51
Howland Island and Baker -22.62 25.00 -44.43 34.99 -6.59 42.58 -70.24 54.30
Island
United States of America -6.44 6.55 -7.13 6.07 -4.40 6.13 -4.13 4.15
(West Coast)
United States Virgin -20.57 43.55 -17.31 45.42 -17.22 40.05 -23.69 43.13
Islands
United States of America -3.97 9.58 -2.43 5.81 1.58 4.96 -4.87 12.55
(East Coast and Gulf of
Mexico)
Ascension Island -5.08 4.57 -10.91 19.24 -3.31 8.44 -42.22 52.36
Tristan da Cunha Island 1.86 1.45 0.75 7.63 2.26 5.10 1.02 24.75
Uruguay -7.44 24.44 -14.70 21.14 -7.69 18.51 -26.01 7.02
Venezuela (Bolivarian -19.53 40.86 -14.81 38.71 -17.19 35.17 -22.09 34.81
Republic of)
Wake Island -35.96 22.64 -33.41 18.98 -15.93 30.71 -49.78 28.07
Wallis and Futuna Island -5.19 20.24 -10.98 41.52 -4.55 25.96 -27.21 74.15
Samoa -2.87 20.31 -8.84 47.48 -2.68 23.07 -16.32 87.40
St Paul and Amsterdam -0.52 3.67 -3.85 4.42 2.10 7.29 -13.52 25.66
Islands (French Southern
and Antarctic Territories)
Crozet Islands (French 2.12 4.00 3.1 11.27 2.12 10.27 5.53 16.29
Southern and Antarctic
Territories)
Kerguelen Islands (French -0.21 6.98 -2.65 6.97 -0.63 494 -2.09 13.51
Southern and Antarctic
Territories)
Clipperton Island -2.69 19.43 -15.49 41.58 -1.80 22.94 -21.50 52.30
Saint Barthélemy -20.59 48.01 -16.94 57.01 -20.59 44.92 -22.85 54.46
Saint-Martin (French Part) -19.48 46.17 -17.41 52.70 -18.18 43.33 -23.73 51.03
Curacao -22.84 43.74 -18.40 43.61 -15.74 39.78 -27.22 38.53
Bonaire -21.08 45.01 -18.14 47.04 -15.68 41.12 -26.98 42.71
Sint Eustatius and Saba -19.88 44.96 -17.62 50.26 -17.06 40.76 -24.08 46.73
Sint Maarten (partie -19.38 45.09 -17.36 50.75 -16.88 41.85 -23.85 48.58
néerlandaise)
France (Atlantic Coast) -67.50 61.97 -40.74 81.61 -77.20 84.93 -53.00 89.94
Honduras (Pacific) -0.93 8.50 -1.53 55.95 4.64 10.87 8.65 99.10
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Scenarios Dynamic size-based Dynamic size-based Dynamic size-based Dynamic size-based
food web model: food web model: food web model: food web model:
Mid Century RCP2.6 Mid Century RCP8.5 End of Century RCP2.6 End of Century RCP8.5
Metric Average Range Average Range Average Range Average Range
Honduras (Caribbean) -14.97 18.83 -17.32 26.63 -12.93 19.62 -25.87 22.86
Canada (Pacific) -16.53 16.87 -7.66 30.04 -12.40 14.14 -17.55 34.57
Canada (East Coast and -7.95 15.71 -8.12 26.71 -10.60 15.46 -25.53 37.61
Arctic)
Colombia (Caribbean) -17.15 39.29 -17.50 47.49 -10.46 38.75 -25.01 44.02
Colombia (Pacific) -1.67 17.72 -18.67 46.14 0.30 6.39 -31.33 46.55
Costa Rica (Caribbean) -11.30 9.93 -11.33 15.54 -7.81 13.80 -20.56 13.86
Costa Rica (Pacific) -4.05 18.17 -20.92 44.19 -1.03 5.41 -32.19 46.55
Denmark (North Sea) -25.13 25.41 -27.04 33.86 -29.27 24.46 -34.01 30.64
Guatemala (Pacific) -2.52 18.27 -9.32 41.49 -3.77 8.98 -8.95 64.06
Indonesia 0.99 1.71 -9.91 20.58 -1.64 5.21 -28.59 41.25
Kiribati (Gilbert Islands) -28.24 32.11 -42.27 30.94 -11.54 40.86 -62.80 42.49
Kiribati (Line Islands) -7.44 15.00 -26.11 21.89 -4.46 21.73 -47.55 51.78
Kiribati (Phoenix Islands) -19.21 16.40 -37.34 22.83 -12.50 31.68 -57.66 40.15
Mexico (Atlantic) -2.98 7.37 3.80 21.29 2.47 18.07 7.41 33.31
Mexico (Pacific) -11.73 25.46 -29.32 36.38 -5.56 17.32 -43.71 43.42
Morocco (South) -26.14 33.47 -18.07 60.89 -30.59 48.24 -20.55 160.47
Nicaragua (Caribbean) -14.29 26.38 -16.56 34.78 -11.59 27.04 -25.79 30.80
Nicaragua (Pacific) -3.03 12.07 -7.47 47.26 0.98 4.87 -0.93 73.28
Panama -2.93 24.11 -21.71 42.40 -0.54 9.01 -33.87 46.77
South Africa -3.72 13.84 -7.20 14.34 -0.57 6.31 -15.12 28.39
Thailand (Andaman Sea) 6.22 13.52 1.14 31.54 3.95 24.29 -3.73 35.34
Thailand (Gulf of -6.67 18.66 -1.42 24.19 -6.91 12.54 3.48 37.77
Thailand)
United States of America -3.59 9.95 -9.13 10.14 -3.52 2.09 -15.96 24.62
(Alaska)
Spain (Northwest) -78.53 87.93 -47.26 91.91 -88.14 95.10 -55.59 103.56
Aruba -23.62 44.32 -18.18 43.57 -15.58 40.04 -26.98 37.59
Tles Glorieuses -14.86 21.83 -18.56 27.49 -12.89 10.76 -29.85 39.80
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KEY MESSAGES

* For many countries bordering the North Atlantic, fisheries contribute very little

to national gross domestic product (GDP) and per capita seafood consumption is
low, hence, fisheries are not primarily concerned with maintaining food security.
In Greenland, Iceland and the Faroe Islands however, fishing remains a nationally
important activity.

Throughout the North Atlantic there are specific communities, towns or regions
that rely heavily on fisheries for employment and income-security. Indigenous
peoples of the Atlantic Arctic such as the Inuit in Canada, Kalaallit in Greenland,
the Saami in Norway and the Russian Federation are heavily reliant on fisheries
to maintain cultural heritage and food security and are especially vulnerable to
climate change.

Large-scale changes in the distribution and productivity of commercial fish
species have been observed on both sides of the North Atlantic and shifts in some
key fisheries targets have created major challenges for resource allocation between
different countries and fleets.

For some species such as Atlantic cod, climate change can have opposite impacts
on recruitment and productivity, depending on where the stock is located. Warmer
temperatures are associated with poor recruitment of cod in the Celtic Sea, Irish
Sea and North Sea, but good recruitment in the Barents Sea and Labrador coast
of Canada.

Dramatic, long-term decreases in ocean pH have been observed throughout the
North Atlantic over multiple decades. Continued declines in pH are anticipated
and the consequences for commercial shellfish or early life stages of important
finfish remain unclear.

Major biogeographical shifts in zooplankton have been documented in response
to warming. Warm-temperate, pseudo-oceanic species experienced a poleward
shift of about 10° of latitude or 23 km/yr for the period 1958 to 2005. Continued
shifts in these prey species may pose threats to the productivity of some fish
stocks.

Large-scale redistribution of maximum fisheries catch potential is projected by 2055
under a business as usual scenario, including a 30 percent to 70 percent increase
in yield of high-latitude regions, particularly the exclusive economic zone (EEZ)
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regions of Norway and Greenland and the Grand Banks of Canada, and decreases
at latitudes lower than around 50 °N.

e A wide diversity of climate change adaptation measures has been tested, applied
and advocated in the North Atlantic region. These have tended to focus on
capacity building within the sector, policy measures, building resilience through
a reduction in other stressors, developing alternative markets or livelihoods and
protecting critical infrastructure used by the fishing industry. Institutional, legal,
financial and logistical barriers to successful adaptation have been encountered on
both sides of the Atlantic.

5.1 REGIONS AND FISHERIES OF THE NORTH ATLANTIC

The North Atlantic (FAO major fishing areas 21 and 27) is a huge, ecologically, socially
and economically diverse region spanning from the Azores in the south (37 °N) with
average sea temperatures around 24 °C to Spitzbergen and north Greenland in the high
Arctic (78 °N) with temperatures well below freezing (see Figure 5.1). It is bounded by
two continents (North America and Europe).

The Northwest Atlantic (FAO major fishing area 21) has large, industrial fisheries
active on the continental shelf such as the Grand Banks of Newfoundland, the
Scotian Shelf and Georges Bank. Historically, fisheries mainly targeted demersal
groundfish, primarily gadoids and flounders via otter trawling and fixed gears (e.g.
gillnet, bottom longline). The main targets of pelagic trawlers (purse seiners) are
Atlantic herring (Clupea harengus) and mackerel (Scomber scombrus). Other fisheries
have increased in recent decades such as those on squids (shortfin [Zllex illecebrosus]
and longfin [Doryteuthis pealeii]). International waters support important fisheries
for redfish (Sebastes spp.), flatfishes (yellowtail flounder [Limanda ferruginea] and
American plaice [Hippoglossoides platessoides], Greenland halibut [Reinhardtius
hippoglossoides)), cod (Gadus morbua) and capelin (Mallotus villosus). The size of
groundfish fishing fleets has decreased in the most recent decades. The fleet in the
United States of America decreased from 1 000 vessels in the mid-1990s to 400 vessels
in 2012 (Thunberg and Correia, 2015). The largest decrease was a 69 percent decline in
the number of limited access vessels, with an 80 percent decline in the Gulf of Maine.
The share of small (less than 10 metre) and large (greater than or equal to 23 metres)
vessels declined and increased, respectively. The diversity and size of gear (trawl, gillnet,
hook) used by vessels fishing groundfish in the United States of America has remained
relatively stable (Thunberg and Correia, 2015). In Atlantic waters off Canada, landings
of groundfish decreased from 50 percent to 13 percent of the total national catch from
1991 to 2011 while the economic value of total fisheries catches increased as a result of a
large upsurge in the landings of valuable shellfish (lobster [Homarus americanus], snow
crab [Chionoecetes opilio] and shrimps) captured off Nova Scotia, Newfoundland and
Labrador. More than 90 percent of the approximately 15 000 registered fishing vessels
operating in Atlantic waters off Canada are small (less than 14 metres) and two-thirds
of all landings in this region were from pots and traps (Department of Fisheries and
Oceans Canada (DFO), Canadian Fisheries Statistics, 2011 to 2012").

Most of the fisheries in the Northwest Atlantic are managed within the exclusive
economic zones (EEZ) of the United States of America or Canada by National
Oceanographic and Atmospheric Administration (NOAA) National Marine Fisheries
Service (NMFS) and DFO, respectively, as well as Greenland. Fishing rights on the
Flemish Cap and all other deeper waters are governed by treaties maintained by
the Northwest Atlantic Fisheries Organization (NAFO). Arctic fisheries take place
mostly within the ice-free EEZs of the subarctic/boreal seas (see Blomeyer et al.,
2015). The most important fisheries in the Atlantic Arctic are in the Barents Sea (FAO

' http://www.dfo-mpo.gc.ca/stats/commercial/cfs/2012/cfs12-eng.htm
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fishing area 27.1), the Norwegian Sea (FAO fishing area 27.2), and around Greenland
and Iceland (FAO fishing areas 27.5 and 27.14), for cod, haddock (Melanogrammus
aeglefinus), Atlantic herring, but also exclusively Arctic species including capelin,
Greenland halibut, northern shrimp (Pandalus borealis) and polar cod (Boreogadus
saida). In subarctic waters, the Norwegian and Barents seas have the greatest numbers
of exploited species (more than 20 species each) including krill (Thysanoessa inermis
and T. longicandata) and copepods (Calanus finmarchicus). In the 1970s, polar cod was
intensively fished by former Union of Soviet Socialist Republics, Norwegian, Danish
and German Democratic Republic fleets in the Barents Sea, White Sea and in Soviet
waters. Landings have declined from 348 000 tonnes in 1971 to less than 70 000 tonnes
today with most of the current catches by the Russian Federation fleet (Blomeyer er al.,
2015). In the Barents Sea, capelin is targeted using pelagic trawls and purse seines and
the species is also bycatch in fish and shrimp trawls. Strong fluctuations in the catches
of capelin coincide with cycles of the Arctic Oscillation or Northern Annular Mode.

Atlantic cod is caught mainly with bottom otter trawls and pelagic trawls. The
major fishing grounds for Atlantic cod are around Iceland, in the Barents Sea, off
Newfoundland and West Greenland, with Iceland and Norway accounting for the
biggest share of landings in recent years. Greenland halibut is caught on the deep shelf,
mainly with bottom longlines and gillnets. Almost all of the Northeast Greenland halibut
caught are by the Norwegian and Russian Federation fleets (Blomeyer ez al., 2015).

Fishing is of high economic importance for a few Northeast Atlantic (Northwest
European) countries, notably Iceland, Greenland and the Faroe Islands. Fisheries
products contribute 20 percent of national GDP for the Faroe Islands and Greenland
and over 90 percent of their exports. Although, fishing accounts for less than one
percent of Europe’s total GDP, income and employment from fishing and related
activities can be very important to certain fishery-dependent towns and coastal villages
(see Section 5.6.1, below). Fisheries in the Northeast Atlantic are regulated through
a combination of arrangements. These include national policies and regulations, the
European Union (EU) Common Fisheries Policy, bilateral and multilateral agreements
between countries with shared stocks, and measures adopted by the three regional
fisheries management organizations: the North East Atlantic Fisheries Commission
(NEAFC), the International Commission for Conservation of Atlantic Tunas
(ICCAT), and the North Atlantic Salmon Conservation Organization (NASCO).

The main fishing nations dependent on the North Sea subregion (FAO fishing
area 27.4) are the United Kingdom of Great Britain and Northern Ireland, Denmark,
the Netherlands, Belgium, Germany and Sweden (STECF, 2017). The most valuable
species include Atlantic mackerel, Atlantic cod, Atlantic herring, common sole (Solea
solea), European plaice (Pleuronectes platessa) and brown shrimp (Crangon crangon).
In 2015, the EU member state fleet had 4 955 vessels operating in the North Sea region
with 47 percent from the United Kingdom of Great Britain and Northern Ireland.
In 2015 Denmark, France and United Kingdom of Great Britain and Northern
Ireland together accounted for around 73 percent of the total days at sea. Around
41 percent of the days at sea were undertaken by small-scale coastal vessels using
passive gears. In 2015, the weight and value of landings generated by the North Sea
fleet amounted to approximately 1.66 million tonnes and EUR 1.8 billion (equivalent
to approximately USD 2.2 billion), respectively (STECF, 2017). In 2015, Atlantic
herring (386 000 tonnes) was the most important species in terms of weight. Landings
of European sprat (Sprattus sprattus), Atlantic mackerel, sandeels (Ammodytes spp.)
and European plaice were the next most important species in terms of weight. In terms
of value, the most important species were Atlantic mackerel followed by Atlantic cod,
Atlantic herring, common sole, European plaice, common shrimp and Norway lobster
(Nephrops norvegicus) (STECF, 2017).
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The major players in the Northeast Atlantic margin subregion (FAO fishing areas
27.6-9) are the Spanish, French, United Kingdom of Great Britain and Northern
Ireland, Portuguese and Irish fleets, with the latter two having the highest dependency
on the region for production. The most important species include Atlantic mackerel,
horse mackerel (Trachurus trachurus), hake (Merluccius merluccius) and Norway
lobster (STECF, 2017). The ten EU member state fleets operating in the region
collectively numbered over 14 600 active vessels in 2015 with the Spanish fleet
comprising 37 percent of the total. The weight and value of landings generated by
the Northeast Atlantic fleet amounted to approximately 1.4 million tonnes and
EUR 2.4 billion (equivalent to approximately USD 2.9 billion), respectively (STECF,
2017). The main species landed in terms of weight were small pelagic species, including
Atlantic mackerel, blue whiting (Micromesistius poutassou), followed by European
hake and horse mackerel. The most valuable species were European hake followed by
Atlantic mackerel, Norway lobster as well as monkfish (Lophius piscatorius) (STECF,
2017).

In 2015, the fleet of the Azores (FAO fishing area 27.10) consisted of 761 vessels,
85.5 percent of which had an overall length of 12 metres or less. The most representative
species were various tuna species (41.2 percent) which, together with blue jack mackerel
(Trachurus picturatus), blackspot seabream (Pagellus bogaraveo), conger eel (Conger
conger) and silver scabbard fish (Lepidopus candatus), represented around 66 percent
of the total of landings (STECF, 2017).

5.2 OBSERVED AND PROJECTED IMPACTS OF CLIMATE CHANGE ON THE
MARINE ENVIRONMENT

5.2.1 Temperature and salinity

FIGURE 5.1
Sea surface temperature (Climate Model Intercomparison Project version 5 [CMIP5] ensemble
average, °C) interpolated on a 1x1 grid for the entire year
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(A) mean climate from the historical experiment for the period (1956 to 2005); (B) difference in the mean climate in the future time
period (RCP8.5: 2050 to 2099) compared to the historical reference period (1956 to 2005).

Sea surface temperatures (SST) in the North Atlantic have generally increased
by 0.1 °C to 0.5 °C/decade over the past century, and the rate of warming has been
particularly rapid since the 1980s. Warming is expected to continue, as suggested by
global models (see Figure 5.1) into the future. From 1982 to 2010, spatial differences
were observed in the SST trend across the North Atlantic with the highest rates of
warming (well above 0.5 °C per decade) observed for the Gulf Stream front, the
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subpolar gyre and Labrador Sea on the western margin, and the European continental
shelf above 50 °N in the east (Taboada and Anadén, 2012). On the other hand, the mean
SST off Eastern Greenland decreased. Isotherms of annual mean SST have generally
shifted to higher latitudes at a rate less than 50 km per decade (Taboada and Anadén,
2012). In the future, warming is expected everywhere (Figure 5.1) but particularly in
the Atlantic-Arctic, including the Barents Sea and Greenland Sea, as well to the east
of the Grand Banks, where SST is anticipated to rise by more than 3 °C over the next
50 to 100 years. By contrast, only moderate warming (less than 1 °C) is anticipated off
SW Greenland (Figure 5.1).

In the Northwest Atlantic, the cold Labrador Current meets the warm Gulf Stream
off the Grand Banks, southeast of Newfoundland and results in extremely rich fishing
grounds. These currents interact with topographical discontinuities such as Cape Cod
along the continental shelf to create large differences in the physical and chemical
environment of the southern (mid-Atlantic shelf) and northern (Gulf of Maine and
Scotian Shelf) components of the region. Within the last 35 years, summertime water
temperatures in both southern and northern regions have warmed at approximately
1 °C per decade (Thomas et al., 2017). Some areas such as the Gulf of Maine have
changed more markedly and have witnessed changes in the seasonality of “summer”
temperatures (earlier onset and increased duration).

Across the Northwest Atlantic, average SST is projected to increase an additional
2.0 °C to 4.0 °C by 2100 under the business as usual (RCP8.5) scenario with a high
amount of spatial variability in warming (Figure 5.1). The frequency of storminess is
expected to increase and sea level rise is expected to continue, which would negatively
impact fishing activities.

Assessment of trends in water temperature, salinity and acidification in the
Atlantic-Arctic region is difficult because of multi-decadal variability and a general
lack of historical measurements prior to the 1950s. Seawater temperatures have risen
dramatically since the 1970s, and subsurface pulses of relatively warm water of Atlantic
origin have been detected all around the Eurasian basin (Rhein et al., 2013). Extreme
warming has occurred in the Kara and Barents seas during the winters of 2000 to 2016
(Kohnemann ez al., 2017). Singh et al. (2013) reported particularly large increases in
SST by as much as 4 °C in areas such as the Labrador Sea, the Iceland Sea (along the
Greenland coast and near Iceland), the Greenland Sea, and in Hudson Bay between
1982 and 2010. With the observed decline in sea ice and release of freshwater from
multi-year sea ice (or the Greenland Ice sheet), water salinity has decreased. In the
period from 1992 to 1999, freshening of all regions throughout the Arctic as well as
increased freshwater transport out of the Arctic was detected (Dickson et al., 2002).

5.2.2 Carbonate chemistry and ocean acidification

Five, relatively long-term data sets in the North Atlantic show a consistent pattern
of decrease in surface-ocean pH (Figure 5.2) albeit with strongly variable site-specific
values (e.g. -0.0014 pH units/year in the Iceland Sea; -0.0026 pH units/year in the
Irminger Sea) (Bates er al., 2014). These measurements are usually made at 5 m to 20 m
water depth and pH and saturation state decrease (and pCO, increases) with increasing
water depth. Moreover, considerable spatial variability in pCO, in shelf waters is
caused by the influence of rivers. In the European shelf seas, both observations
and modelling show that CO, levels in near-surface can vary between 200 ppm and
450 ppm, contributing to a pH variability of as much as 1.0 pH unit over an annual
cycle (Provoost et al., 2010). Collated pH measurements from waters around the
United Kingdom of Great Britain and Northern Ireland suggest a long-term decline
over the past 30 years, and North Sea pH has decreased at a rate of around 0.0035 pH
units per year (Ostle ez al., 2016).
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FIGURE 5.2
North Atlantic time series showing long-term decrease in surface pH at five sites: Iceland Sea,
Irminger Sea, Bermuda Atlantic Time-series Study (BATS), European Station for Time series in
the Ocean Canary Islands (ESTOC) and Cariaco Basin, Venezuela (CARIACO Ocean Time Series)
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Areas of the Northwest Atlantic have witnessed decreases in pH consistent with
ocean acidification (OA) but changes in large-scale circulation patterns and runoff from
large estuaries have caused larger changes in the saturation state (Qar) of aragonite, a
measure of the degree of OA. Coastal areas near large estuaries and cold-water currents
display greater acidification (a lower saturation state of aragonite) compared to deeper,
offshore waters of warmer origin (Wanninkhof er al., 2015). The pH of bottom waters
of estuaries such as the Gulf of St. Lawrence has decreased 0.2 pH to 0.3 pH units over
the last 70 years with expected negative impacts on shellfish (molluscs) and potentially
on fish early life stages.

In the Arctic, OA is particularly important because solubility of CO, is greater at cold
temperatures and, consequently, the onset of under-saturation (Qar less than 1) will occur
first in polar waters. There are very few long-term time series measurements of pH in
the Atlantic high Arctic, however, decreases in pH and calcium carbonate concentrations
have been observed in the surface waters on the continental shelves along the Arctic
coasts, although it is thought that this is mainly a result of freshwater influx from melting
ice-caps and rivers emptying into the Arctic Ocean (Steinacher ez al., 2009).

5.2.3 Natural climate variability in the North Atlantic

The North Atlantic experiences decadal to annual oscillations in weather patterns
that impact the productivity of its marine ecosystems and fish stocks. The Atlantic
Multi-decadal Oscillation (AMO) is a quasi-cycle of roughly 70 years of a little more
than 1 °C change in SST. The North Atlantic Oscillation (NAO), by contrast, is the
difference in atmospheric pressure between the Azores high and the Icelandic low
and year-to-year changes in the NAO cause changes in wind speed, precipitation,
evaporation, and the exchange of heat between ocean and atmosphere with strong
impacts on oceanic conditions. During winters with a strong NAO index, the ocean
responds quickly and the effects can continue throughout the following year. Long-
term, climate-driven warming is superimposed on natural climate variability such as
the AMO and NAO and the ecological consequences of these combined processes are
challenging to understand. Although the NAO is one of the climate indices for which
it is most difficult to provide accurate future projections (IPCC, 2013), the combined
estimates from different climate models suggest that the NAO may become slightly
more positive (on average) in the future (Karpechko, 2010).

5.2.4 Phytoplankton productivity

A major uncertainty with regard to future projections for fisheries yield (Chapter 4)
is the lack of clear consensus as to whether primary production (phytoplankton) will
increase or decrease at different localities and, therefore, which countries’ fisheries
will be “winners” or “losers” in the long-term. At a local scale, recent studies for
the Northeast Atlantic (e.g. Fernandes et al., 2017) have tended to use outputs from
downscaled regional models that anticipate a decline in net primary production.
Consequently, these studies also suggest an overall decline in the net present value
of fisheries in most subregions. Global climate models also suggest an overall decline
in primary productivity for much of the Northeast Atlantic (see Figure 5.3), but a
moderate increase for the Northwest Atlantic (eastern United States of America) and
especially the Atlantic-Arctic and in Hudson Bay.

While spring phytoplankton blooms occur in the Arctic Ocean, they are currently
constrained by the sea ice and strong vertical stratification. Although the dynamic
processes influencing phytoplankton growth such as the extent of cracks (leads) in
pack ice are still being resolved, for this Atlantic-Arctic subregion, sea ice is declining
and ice-free summers may occur by the mid-twenty-first century. Such change may
cause Arctic phytoplankton production to increase and mimic conditions currently
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experienced in the Northeast Atlantic (Yool, Popova and Coward, 2015). This could,
in turn, result in additional fisheries benefits for the Atlantic-Arctic subregion.

FIGURE 5.3
Average, annual primary productivity (CMIP5 ensemble average, 1x10° mol/m?/s)
interpolated on a 1x1 grid
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(A): mean primary organic carbon production by all types of phytoplankton for the period (1956 to 2005). (B): difference in the primary
productivity in the future time period (RCP8.5: 2050 to 2099) compared to the historical reference period (1956 to 2005).

5.2.5 Dissolved oxygen

There is evidence that areas of low dissolved oxygen have started to proliferate around
the world (Diaz and Rosenberg, 2008). Stendardo and Gruber (2012) examined oxygen
trends over five decades in the North Atlantic and identified declines in almost all
regions during the period from 1960 to 2009. Whether or not these changes in dissolved
oxygen are a result of long-term climate change remains unclear, and it is also unknown
whether such changes will impact on commercial fish and their fisheries (Townhill ez
al., 2017).

5.2.6 Marine ecosystems

Similar to other ocean areas, a mixture of pressures including climate change,
overfishing, habitat modification and eutrophication have changed the composition and
distribution of marine flora and fauna in the northern Atlantic. Climate change may
have important consequences for the base of the food web such as the seasonal timing
and magnitude of blooms of phytoplankton and/or zooplankton at high latitudes (e.g.
Henson et al., 2017). Global-scale climate modelling of phytoplankton has projected
large shifts in the seasonal timing of blooms throughout subpolar waters of the North
Atlantic and polar waters of the Arctic (Henson et al., 2017). Zooplankton resources,
important to the diets of early life stages of fish, may also drastically shift in the future.
For example, Calanus finmarchicus is a key species of zooplankton in the diets of
early life stages of many commercially important fish on shelf areas throughout much
of the North Atlantic. Projected warming of bottom waters of the Northeast shelf of
the United States of America under a “business as usual” scenario of greenhouse gas
emissions is expected to decrease the average abundance of C. finmarchicus in this
region by as much as 50 percent by the end of this century (Grieve, Hare and Saba,
2017).

In the Northeast Atlantic, major biogeographical shifts in zooplankton have been
identified in response to warming including poleward increases in warm-water species
and a reduction in the number of cold-water species in the same areas (Beaugrand,
Luczak and Edwards, 2009). All zooplankton assemblages exhibited coherent, long-
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term shifts but the speed of these biogeographic shifts was surprisingly rapid. Warm-
temperate, pseudo-oceanic species experienced a poleward shift of about 10° of latitude
(52 t0 62 °N, 10 °W) or 23 km per year for the period 1958 to 2005 (Beaugrand, Luczak
and Edwards, 2009). The magnitude of the species shifts was, however, similar to the
poleward shift of some isotherms. These shifts have caused an increase in the diversity of
calanoid copepods in the Northeast Atlantic and its adjacent seas (such as the North Sea).

5.3 CLIMATE CHANGE EFFECTS ON STOCKS SUSTAINING THE MAIN FISHERIES

5.3.1 Distribution and abundance

In the Northwest Atlantic, thorough monitoring of fish stocks within trawl surveys
has occurred annually for at least four decades by the US NOAA NMFS and DFO.
Additional, broad-scale ecosystem surveys have been conducted within specific decades
making the mid-Atlantic Bight, Gulf of Maine and Scotian Shelf a data-rich region.
Within US waters, Nye ez al. (2009) investigated shifts in 36 commercial fish stocks over
a 40 year time period from 1968 to 2007. There were clear poleward shifts consistent
with warming in many fish stocks, most notably for alewife (Alosa pseudoharengus),
American shad (Alosa sapidissima), silver hake (Merluccius bilinearis), red hake
(Urophycis chuss), and yellowtail flounder. Changes were observed in the minimum
and maximum latitude of occurrence of fish stocks and 17 stocks significantly increased
their mean depth of occurrence. Shifts in distribution were most closely associated with
changes in the AMO that was consistently positive in the late 1990s and 2000s. When
data on the distribution of both adult fish and their eggs and larvae were compared
between 1977 to 1987 and 1999 to 2008, most taxa (23 of 27) displayed shifts and, in
half of those taxa, larvae and adults shifted in the same direction, either poleward and/
or deeper (Walsh er al., 2015). In this and other regions, fish are expected to move
poleward, if possible, to track the same water temperatures. Across Atlantic waters of
the United States of America and Canada (33 °N to 48 °N latitude), projected warming
until 2060 is expected to modify the habitats in terms of suitable water temperatures
of 76 percent of the fishery target species in Canada (55 percent contract, 21 percent
expand) and 85 percent of those in the United States of America (65 percent contract,
20 percent gain) (Shackell, Ricard and Stortini, 2014).

In an analysis of 50 fish species common in the Northeast Atlantic, 70 percent
responded to warming by changing distribution and abundance (Simpson ez al., 2011).
Specifically, warm-water species with smaller maximum body size generally increased
in abundance while cold-water, large-bodied species decreased. Fishery-independent
survey data indicate that the centres of distribution for a broad range of North Sea fish
species have shifted by distances ranging from 48 km to 403 km between the 1970s
and early 2000s (Dulvy ez al., 2008; Perry et al., 2005). The North Sea demersal fish
assemblage has shifted to deeper waters at an average rate of 3.6 m per decade over the
last 30 years (Dulvy ez al., 2008).

In the North Sea, the locations where peak commercial catches of target species
such as cod, haddock, plaice and sole were obtained have all shifted over the past
100 years (Engelhard et al., 2011; Engelhard, Righton and Pinnegar, 2014). However,
distributions have shifted in various directions, and shifts cannot simply be described
as poleward. Annual groundfish surveys between 1999 and 2007 indicate that warm-
water “Lusitanian” fishes (including sole, john dory (Zeus faber), sardine (Sardina
pilchardus) and boarfish (Capros aper) have increased on the shelf to the north and
west of Ireland, while the “boreal” community (including cod, haddock, plaice and
herring) has declined to the south (Lynam, Cusack and Stokes, 2010). Pelagic fish
surveys between 1965 and 2012 suggest a strong “subtropicalization” of species in
the North Sea and Baltic Sea (Montero-Serra er al., 2015). Pelagic fish communities
throughout the Northeast Atlantic have shifted away from cold-water assemblages
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typically characterized by herring and sprat from the 1960s to 1980s, to warmer-water
assemblages typified by mackerel, horse mackerel, sardine and anchovy (Engranlis
encrasicolus) from the 1990s onwards. In all cases, SST was identified as the primary
driver of change (Montero-Serra et al., 2015). A similar shift from a colder to warmer
fish community occurred between 2004 and 2012 in the Barents Sea where an Arctic
community characterized by bigeye sculpin (77iglops nybelini), Greenland halibut, and
snailfish (Liparis spp.) shifted poleward and was replaced largely by a boreal (Atlantic
shallow-water) community dominated by American plaice, Atlantic cod and haddock
(Fossheim et al., 2015).

Species may migrate across political or management boundaries, which can create
conflict in the allocation of quotas (portions of the overall total allowable catch or
TAC) to the different nations sharing the common stock. A recent, notable example
arose with regard to quota allocations for mackerel between Norway and the EU,
and between Iceland, the Faroe Islands and the EU in the Northeast Atlantic. Starting
in 2007, North Sea mackerel began to shift to the north and the west, away from
Norway, eventually resulting in disagreements in 2009 over the effective quota, and
hence permissible catches, for Norwegian vessels in EU waters. During the same
period, with the sudden high abundance of mackerel in their territorial waters, Iceland
and the Faroe Islands unilaterally claimed nearly 10-fold increases in their quota for
this stock (representing 46 percent of the internationally agreed TAC). Whether the
apparent changes in mackerel distribution, northwards and westwards, were a result
of long-term climate change remains unclear. Hughes et al. (2014) suggested that SST
had a significant positive association with the observed shift of mackerel and historical
movements of mackerel to the western North Sea and off the coast of Iceland also
coincided with positive (warm) phases of the AMO (Beare ez al., 2004).

MacKenzie et al. (2014) reported that commercial boats targeting mackerel in
waters east of Greenland have now started catching bluefin tuna (Thunnus thunnus).
The presence of bluefin tuna in this area of the North Atlantic is likely as a result of
a combination of warmer temperatures and immigration of an important prey species
(mackerel). Since 2008, ICCAT has granted a small but increasing share of bluefin
tuna quota to Norway and Iceland. ICCAT has also amended its criteria for allocating
quota shares to recognize shifts in species distribution, such that they are not only
based on a “track record” of fishing but also the rights of coastal states to make use of
resources present within their EEZ (TemaNord, 2011).

Models such as those described in Chapter 4 project that the distributions
of exploited species will continue to shift in the next five decades both globally
and in the Northeast Atlantic specifically (Cheung er al., 2010; Lindegren ez al.,
2010). Uncertainty in projected warming among different global climate models
notwithstanding, the combined estimates from three species distribution models for
14 commercial fish in the Northeast Atlantic suggested poleward shifts at an average
rate of 27 km per decade (Jones er al., 2013), which is slightly faster than that (20 km
per decade) currently observed for common fish in the North Sea (Dulvy ez al., 2008).
Applying a similar model to predict the distribution of eight Northeast Atlantic fish
species, Lenoir, Beaugrand and Lecuyer (2011) projected an increased probability of
occurrence of horse mackerel and anchovy in northern waters in the 2090s compared
with the 1960s, a decrease in pollack (Pollachius pollachius), haddock and saithe
(Pollachius virens), and no overall change in the distribution of turbot (Scophthalmus
maximus) and European sprat.
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5.3.2 Changes in fisheries productivity - environmental influences on
recruitment

Fishers and scientists in the North Atlantic have known for over 100 years that the
status of fish stocks can be greatly influenced by climatic conditions (Hjort, 1914).
The amount of young fish entering the fishery each year (recruitment) is critically
dependent on the match or mismatch between the occurrence of the larvae and
availability of their zooplankton food (Cushing, 1982) as well as a number of other
processes such as predation that affect early life-history stages (see Kjesbu ez al., 2014;
Petitgas er al., 2012). Based on empirical data, there are often strong relationships
between recruitment success, fisheries catches and climatic variables as demonstrated,
for example, for cod (Planque and Frédou, 1999) and mackerel (Jansen and Gislason,
2011). In widely-distributed species, climate change is expected to have either positive
or negative impacts on productivity depending on the geographical location of specific
stocks. For example, relationships between recruitment and water temperature of cod
stocks across the North Atlantic (Planque and Frédou, 1999) suggest that stocks at the
high latitudinal limit (e.g. in the Barents Sea) or the western Atlantic (e.g. Labrador)
will benefit from warming, whereas increased water temperature may lead to a collapse
of warmer-water cod stocks in the North, Celtic and Irish Seas (Drinkwater, 2005).
During recent decades of reduced fishing mortality on cod stocks in the Northeast
Atlantic, the stock in the Barents Sea has increased to record levels (spawning stock
biomass 2.7 million tonnes in 2013) whereas stocks have been very slow to recover
elsewhere.

A clear seasonal shift to earlier appearance of fish larvae has been described for
several species in the southern North Sea (Greve et al., 2005), and this has been linked
to marked changes in zooplankton composition and sea surface temperature of this
region. The loss of a key prey item for cod larvae (the copepod Calanus finmarchicus)
has been correlated with recent failures in cod recruitment in the North Sea and
an apparent increase in flatfish recruitment (Beaugrand er al, 2003). Using market
sampling data, Fincham, Rijnsdorp and Engelhard (2013) reported that four out of
seven sole stocks had exhibited a significant, long-term trend towards earlier spawning
at a rate of 1.5 weeks per decade since 1970. Similarly, the timing of peak roe landings
for Atlantic cod in the northern North Sea, central North Sea and Irish Sea occurred
0.9 to 2.4 weeks earlier per decade across three decades. The peak timing was negatively
correlated with temperatures experienced by cod during early vitellogenesis, suggesting
that rising sea temperatures have contributed to a shift in spawning phenology

(McQueen and Marshall, 2017).

5.3.3 Ocean acidification

The impacts of OA are suggested to be most apparent for animals with calcium
carbonate shells and skeletons such as molluscs and some crustaceans (Hendriks, Duarte
and Alvarez, 2010; Kroeker et al., 2013), but responses are highly variable among and
within taxonomic groups. Several major programmes of research are underway in
Europe and North America to determine the possible consequences of future OA. In
laboratory studies, significant effects have been noted for several important commercial
shellfish species, notably mussels, oysters, lobster and Nephrops (e.g. Agnalt et al;
Styf, Nisson Skold and Eriksson, 2013).

Narita and Rehdanz (2017) performed a Europe-wide assessment of the economic
impact of OA on mollusc production using two scenarios of biological sensitivity
based on a quantitative comparison of findings from previous OA laboratory
experiments (Kroeker et al., 2013). Their approach suggested that the highest overall
impact was expected in countries with the largest current production such as France,
Italy and Spain. For Europe as a whole, the annual impact was estimated to be over
1 billion USD by 2100 although subject to considerable uncertainty.
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The impacts of OA on North Atlantic commercial finfish populations is particularly
poorly understood. Although several studies have noted that early life stages (eggs and
young larvae) may be sensitive to the direct effect of OA (e.g. Franke and Clemmesen,
2011; Frommel et al., 2012), the results appear to depend on the species and habitat
of the stock (e.g. Pimentel ez al, 2016). Negative impacts of OA on larval growth,
development, metabolism and survival have been documented, as have positive,
indirect food web impacts of OA on survival and growth (Sswat et al., 2017).

54 OTHER NON-CLIMATE STRESSORS (E.G. OVERFISHING, POLLUTION,
HABITAT MODIFICATION)

In the 1980s and 1990s many stocks in the Northwest and Northeast Atlantic were
overfished. Since 2001, fisheries management in the United States of America, Canada
and northern Europe has seen successes in rebuilding stocks. For example, the United
States of America currently lists 23 stocks in Atlantic waters as rebuilt including several
gadoids, flounders, elasmobranchs, scallop (Placopecten megallanticus), monkfish
and several highly migratory species. Notably, although once supporting the largest
fishery in the Northwest Atlantic, cod stocks collapsed in the 1990s as a result of a
combination of both overfishing and warming-driven declines in productivity (Fogarty
et al., 2008) and have still not recovered to within safe biological limits despite drastic
reductions in fishing effort including complete moratoriums. The collapse of the cod
stocks off eastern Canada was followed by historically unprecedented increases in
catches of American lobster as well as increases in snow crab and shrimp (Pandalus
borealis). Large increases and subsequent decreases were also observed in stocks of
forage fish. These shifts highlight how whole ecosystems can be restructured by the
combined effects of fishing and climate variability and the decades of time required for
them to potentially return to previous conditions (Frank et al., 2011).

It is important to note that extensive fishing can cause fish populations to become
more vulnerable to short-term natural climate variability (e.g. Ottersen, Hjermann and
Stenseth, 2006) by making such populations less able to “buffer” against the effects
of the occasional poor year classes. Conversely, long-term climate change may make
stocks more vulnerable to fishing, by reducing the overall “carrying capacity” of the
stock, such that it might not be sustained at, or expected to recover to, levels observed
in the past (Jennings and Blanchard, 2004). In the case of cod in the North Sea, climate-
driven warming has been estimated to have been eroding the maximum sustainable
yield at a rate of 32 000 tonnes per decade since 1980. Calculations show that the North
Sea cod stock could still support a sustainable fishery under a warmer climate but only
at very much lower levels of fishing mortality (Cook and Heath 2005).

Engelhard et al. (2011) suggest that, apart from climate and fishing, other factors
may also have had an important influence on flatfish distributions in the North Sea
throughout the twentieth century. These may have included habitat modification,
changes in prey availability, and changes in precipitation and run-off patterns. The
Dutch and Belgian coasts were previously very good nursery grounds for juvenile
plaice, but the closure of the Zuiderzee in the early 1930s and modification of the
Rhine, Meuse, and Scheldt estuaries in the 1960s and 1970s have likely reduced the
recruitment from these nursery grounds and hence may have affected the abundance
and distribution of older age groups in the North Sea.

5.5 IMPLICATIONS FOR FOOD SECURITY, LIVELIHOODS AND ECONOMIC
DEVELOPMENT

5.5.1 Dependency on fisheries
For most countries bordering the North Atlantic, fisheries contribute very little
to national GDP and fish protein constitutes a small proportion of protein intake
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(see Figure 5.4), hence, fisheries are not primarily concerned with maintaining food
or income-security. Some exceptions to this include Greenland, Iceland and the Faroe
Islands where fishing remains vital to the national economy and annual per capita
consumption of fish and seafood exceeds 80 kg/person. Figure 5.4 shows per capita
seafood consumption and production based on FAO data for 2013. Notably, in many
northern countries production greatly exceeds consumption, whereas in countries
further south, often with large human populations (e.g. Portugal, France, Germany,
Belgium, United Kingdom of Great Britain and Northern Ireland), as well as land-
locked countries of Europe (e.g. Luxembourg), consumption exceeds production and
the deficit is made up via imports from elsewhere.

FIGURE 5.4
Per capita seafood production and consumption in North Atlantic countries based on
FAO data for 2013

Consumption Production
Faroe Islands (27.2%) |
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Number on the Y-axis is the percentage that fish and seafood contributes to total protein consumption in each country.

In specific communities, towns and regions throughout Europe and North America,
fishing provides the mainstay of employment. For example, 82 percent of regional
activity has been attributed to the fisheries sector in Killybegs (County Donegal) in
Ireland (Macfadyen er al., 2010). In the United States of America, communities such as
Lubec in Northern Maine or New Bedford in Massachusetts, have few other types of
employment available and, hence, are highly dependent on fishing (see Colburn et al.,
2016). Natale et al. (2013) set out to identify the most fisheries-dependent communities
in EU coastal areas. These authors identified 388 fisheries-dependent communities that
together play host to 54 percent of total fishery employment in Europe. These included
Castlebay and Ullapool in the United Kingdom of Great Britain and Northern Ireland,
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Hvide Sande and Osterby in Denmark, Puerto de Cillero in Spain, Grundsund in
Sweden and Kihnu, Lehtma and Manija in Estonia with a fisheries employment
dependency ratio higher than five percent.

Arnason (2007) used an economic model to understand potential economic impacts
of climate change on fisheries and on the national economies in Iceland and Greenland.
In Iceland, future dramatic increases assumed in fisheries yields resulted in only a
minor increase in national GDP (four percent by 2054) even though fishing accounts
for approximately ten percent of GDP and 40 percent of export earnings. Given the
uncertainty in this analysis, this small increase is close to the margin of error. Benefits
for the national economy of Greenland, in which fishing represents 90 percent of the
exports, were greater (a 40 percent increase in GDP by 2054) but this assumed an
enormous increase in fish production (by 200 percent over 50 years). For other North
Atlantic countries with less economic reliance on fisheries, it seems highly unlikely
that climate change, as manifested through impacts on fisheries, will have a significant
impact on national economic development.

The traditional harvesting techniques of several groups of indigenous peoples in the
North Atlantic and Atlantic-Arctic such as the Inuit in Greenland and Canada, Evenk
and Nenets in the Russian Federation, and the Saami in Norway and the Russian
Federation, are expected to be impacted by climate change. These impacts will result
from changes in the composition and productivity of fish stocks as well as changes
in sea ice conditions and severe weather (Koivurova et al., 2008). Coastal indigenous
peoples are commonly highly vulnerable to ecosystem and economic change. Cisneros-
Montemayor et al. (2016) attempted to quantify seafood consumption among 1 900
coastal indigenous communities around the world and this included several in the
Atlantic-Arctic. Indigenous peoples inhabiting Arctic coasts have the highest mean
per capita fish consumption by climate region, at 74 kg per year and these include the
Saami, Inuit in Canada (e.g. Inuvialuit around Hudson Bay) and Kalaallit in Greenland.

5.5.2 Maximum catch potential and economic development
Cheung et al. (2010) estimated future changes in maximum potential catch (a proxy
for maximum sustainable yield) given projected shifts in the distribution of 1 066
species of exploited marine fish and invertebrates from 2005 to 2055 as a result of
climate change and changes in marine primary productivity. That study suggested
that climate change may lead to large-scale redistribution of global maximum catch
potential, with an average of 30 percent to 70 percent increase in yield of high-latitude
regions (north of 50 °N in the northern hemisphere), but a drop of up to 40 percent
in the tropics. EEZ regions with the highest forecast increases in catch potential by
2055 included Norway and Greenland (and also the Grand Banks of Canada). Areas
south of around 50° latitude in the North Atlantic were projected to generally lose out
(Cheung er al., 2010). In Chapter 4, similar projections of maximum catch potential
are provided based on outputs from a slightly modified version of the same bioclimate
envelope model (DBEM) but identical climate forcing data, and also a size-structured
ecosystem model (Blanchard ez al., 2012). Notably, catches in EEZs of most temperate
Northeast Atlantic countries were projected to decline substantially (by approximately
30 percent), in contrast to high latitude regions in the North Atlantic where catch
potentials are projected to increase substantially. Shackell, Ricard and Stortini (2014)
suggest that stocks are expected to decline in United States of America Atlantic waters
and increase in Canadian waters, a trend primarily driven by increases in lobster in
Canadian waters.

In the Arctic, total fisheries catch and revenue (or value of fish landed) are projected
to increase by about 39 percent (14 percent to 59 percent) by 2050 relative to 2000
according to a study conducted by Lam et al. (2014). In that study, catches by European
countries (Faroe Islands, Greenland, Iceland, Norway, the Russian Federation and
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Sweden) were projected to increase by 20 percent. Projections of increases in revenue,
fishers” income, fishing cost, household incomes and economy-wide impacts followed
a very similar pattern to catch projections.

Much of the existing literature on the impact of climate change on fisheries economics
has been focused on regional and local studies. Eide and Heen (2002) explored the effects
of global warming on Barents Sea fisheries and therefore implications for the north
Norwegian economy, within which the fisheries sector contributes eight percent to
both regional products and employment. A range of possible environmental scenarios
was examined including eight different management regimes and four environmental
scenarios. The management regimes included open access (or no management), limited
entry, quota regulation and combinations of the last two. An increase in average sea
temperature of 2 °C resulted in enhanced growth and recruitment of cod and herring,
increased annual catches, increased local employment and profitability in these Barents
Sea fisheries. Annual catches were however, overwhelmingly determined by the
various management regimes tested rather than the different climatic scenarios (Eide
and Heen, 2002).

Fernandes et al. (2017) used observational and experimental data, theoretical, and
modelling approaches to quantify potential effects of ocean warming and acidification
on the fisheries catches, resulting revenues and employment in the United Kingdom of
Great Britain and Northern Ireland under different greenhouse gas emission scenarios.
Standing stock biomasses were projected to decrease significantly by 2050 and the
main driver of this decrease was sea surface temperature rise. Overall, losses in revenue
were estimated to range between one percent and 21 percent in the short-term (2020
to 2050). Losses in total employment (fisheries and associated industries) may reach
approximately three to 20 percent during 2020 to 2050 with the small vessel (less than
10 m) fleet and associated industries bearing most of the losses. Climate change impacts
on fisheries profits have been examined in the sardine fishery of the Iberian Atlantic
(Garza-Gil, Torralba-Cano and Varela-Lafuente, 2010) and ranged from to non-
significant for the Bay of Biscay to positive on the Portuguese coast, where most of the
“immigrant” fish species examined are considered marketable (Vinagre ez al., 2011).

5.6 VULNERABILITY OF THE MAIN FISHERIES AND THE DEPENDENT
COMMUNITIES/ECONOMIES

A number of fishery vulnerability assessments have been conducted for the North

Atlantic and many more are currently underway. Some of these studies only focus

on the perceived vulnerability of species, whereas others focus on “downstream”

vulnerability of fishing fleets and dependent communities.

Hare er al. (2016) conducted a climate vulnerability assessment on 82 fish and
invertebrate species in the northeast shelf of the United States of America. The authors
defined climate vulnerability as the extent to which abundance or productivity of the
species could be impacted by climate change and/or decadal variability using life history
traits and habitat preferences to rank species in terms of “sensitivity”. That study found
that overall climate vulnerability is high to very high for approximately half the species
assessed; diadromous and benthic invertebrate species (most notably Atlantic salmon
Salmo salar and Bay scallop Argopecten irradians) exhibit the greatest vulnerability.
In addition, most species included in the assessment had a high potential for a change
in distribution in response to projected changes in climate. Negative effects of climate
change were expected for approximately half of the species assessed, but some species
were expected to be positively affected (e.g. to increase in productivity and abundance).

Colburn et al. (2016) used the ranking of species’ vulnerability developed by Hare ez
al. (2016) to determine the most vulnerable fishing communities along the Eastern and
Gulf coasts of the United States of America, based not only on catch composition but
also on social indicators including employment in the sector, labour force structure and
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rates of unemployment. Community social vulnerability indices (CVIs) were calculated
for 2 659 communities in 19 states from Maine to Texas, of which 1 130 communities
showed evidence of commercial and/or recreational fishing activity (Jepson and
Colburn, 2013). CVIs were based around “fishing dependence” (a combination of
commercial engagement and reliance) and “social vulnerability” (poverty, labour
force disruption, personal disruption, housing characteristics). Communities in
Massachusetts (e.g. New Bedford) were identified as being particularly vulnerable to
climate change because they are highly reliant upon commercial fishing, they exhibit
limited catch diversity, they scored poorly on two of the four social vulnerability
indicators and highly on two of the three climate change exposure indicators. Several
communities in New Jersey (e.g. Barnegat Light) were identified as being particularly
vulnerable for similar reasons.

As part of the analyses by Colburn er al (2016), coastal fishing communities
vulnerable to sea level rise were also identified. Mid-Atlantic communities in the low
lying coastal plain, especially those clustered around the Chesapeake Bay area and the
New Jersey shore ranked highly with regard to expected vulnerability to sea level rise.
New England communities in the Gulf of Maine and southern parts of the region were
not projected to be as vulnerable. South Atlantic communities (North Carolina to
Florida’s east coast) had pockets of high vulnerability and those in southeastern Florida
had the highest concentration of vulnerable communities, including those located in
the Florida Keys.

Ekstrom et al. (2015) examined US communities most vulnerable to losses in
shellfish (mollusc) production as a result of ongoing OA. Their study suggested that
16 out of 23 bioregions around the United States of America are exposed to rapid
OA. The marine ecosystems and shelled molluscs around the Pacific Northwest are
expected to be exposed soonest to rising global OA, followed by those on the Gulf
of Maine and Atlantic coast of the United States of America. Communities highly
reliant on shelled molluscs in these bioregions are at risk from OA either now or in
the coming decades. Pockets of marine ecosystems along the East and Gulf coasts
will experience acidification earlier than global projections indicate, because of the
presence of local amplifiers such as coastal eutrophication and river discharge of water
with low saturation state (Qar). The areas that will be exposed to OA (including local
amplifiers) and where high and medium-high social vulnerability is present include
southern Massachusetts, Rhode Island, Connecticut, New Jersey, portions around the
Chesapeake Bay, and the Carolinas.

5.7 RESPONSES (ADAPTATION)

Climate change is affecting marine and coastal ecosystems throughout the North
Atlantic, including commercial, recreational and subsistence fisheries. Traditional
fisheries management tools, such as restrictions on allowable catch, landing size,
seasonal closures, gear restrictions, marine protected areas, essential fish habitat
protection, and protection of spawning aggregations, are and will remain necessary (see
Grafton, 2010) but may not be sufficient on their own to sustain fisheries in the face of
the combined onslaught of climatic and non-climatic stressors in the future.

A wide diversity of adaptation measures has been tested, applied and advocated
in the North Atlantic and these are reviewed in two reports from the United States
of America (Gregg et al, 2016) and the United Kingdom of Great Britain and
Northern Ireland (Defra, 2013). Climate adaptation actions are taken to either avoid
(or minimize) or take advantage of climate change impacts, either by decreasing
vulnerability or increasing resilience. In the United States of America, the EcoAdapt
program aims to promote adaptation action in the fisheries sector by: 1) providing real-
life, practical adaptation case studies to catalyse creative thinking, and 2) synthesize
information collected through interviews and surveys to further develop the field of
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study. Gregg et al. (2016) provides a summary of adaptation actions in the United

States of America (both Atlantic and Pacific), based on interviews with federal, tribal,

state and other practitioners. Commonly used adaptation approaches and examples are

presented in four broad categories:

1. Capacity building: 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.

2. Policy: strategies include developing adaptation plans, creating new or enhancing
existing policies, and developing adaptive management strategies.

3. Natural resource management and conservation: 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.

4. Infrastructure, planning, and development: strategies include protecting critical
coastal infrastructure used by the fishing industry, and creating or modifying
coastal development measures (e.g. removing shoreline hardening, encouraging
low-impact development) to increase habitat resilience.

The majority of fishery adaptation efforts in the United States of America to date have

been focused on capacity building, including conducting research and assessments,

creating resources and tools, and monitoring how climatic changes are affecting
species, habitats, and fishing communities (Gregg et al., 2016). However, EcoAdapt
recommends the following “best bets” for advancing climate-informed fisheries

management over the long term (see Gregg et al., 2016):

1. Advance monitoring efforts of climate-driven impacts on species, habitat, and
fishing communities. Documenting environmental and climatic change is key to
natural resources management.

2. Enhance habitat connectivity and areas under protection.

3. Reduce non-climate stressors. The cumulative effects of non-climate stressors
reduce the overall resilience of species, habitats and communities to climate change.

4. Create flexible multi-species permitting, licensing and management plans.
Enabling flexibility in terms of when, where, what and how much is harvested will
become increasingly important to sustain fishing livelihoods.

5. Adjust quotas to help sustain stocks (e.g. reduce fishing pressure on vulnerable
stocks).

6. Temporarily close fisheries if necessary. Given the uncertainty of climate change
and the risks associated with extreme events, managers should adjust status quo
policies by supporting rapid response measures to reduce stress on vulnerable
stocks, including temporary closures.

7. Evaluate potential and establish procedures for new commercial and recreational
fisheries (e.g. establishment of catch limits, new permitting procedures).

8. Create international cooperative fisheries agreements. Climate change will not
be confined by political or social boundaries.

9. Diversify fisheries and/or livelihoods. In some areas, climate-induced effects on
fisheries may threaten entire communities’ livelihoods.

In 2013 the United Kingdom of Great Britain and Northern Ireland Department for
Environment Food and Rural Affairs (Defra) commissioned its Economics of Climate
Resilience (ECR) report on “sea fisheries” (Defra, 2013), which included a detailed
assessment of whether or not the United Kingdom of Great Britain and Northern
Ireland fishing sector will be able to adapt to the opportunities and threats associated
with future climate change. Against the background of current policy, the adaptive
capacity of the United Kingdom of Great Britain and Northern Ireland fishing
industry as a whole was judged to be relatively high. This is because it has strong
commercial incentives to make the most of profitable opportunities, and fishing vessel
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operators are used to dealing with constantly changing weather and fish stock sizes.
However, the ability of some segments within the sector (e.g. small vessel operators) to
adapt is likely to be more constrained than others. Such operators face constraints on
their ability to travel distances to reach their favoured fish stock, the time they are able
to be at sea and their access to the rights to catch particular species. The key adaptation
actions highlighted for the United Kingdom of Great Britain and Northern Ireland
fishing industry as a whole included:

1. Travelling further to fish for current species, if stocks move away from United
Kingdom of Great Britain and Northern Ireland ports, particularly for large
pelagic fishing vessels, such as those targeting mackerel and herring.

2. Diversifying the livelihoods of port communities, this may include recreational
fishing where popular angling species become locally more abundant (e.g. sea bass).

3. Enhancing vessel capacity if stocks of currently fished species increase and
sufficient quota allows.

4. Changing 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 EU
quota restrictions (e.g. squid).

5. Developing routes to export markets to match the changes in catch supplied. These
routes may be to locations (such as southern Europe) that currently eat the fish
stocks that may move into the United Kingdom of Great Britain and Northern
Ireland EEZ.

6. Stimulating domestic demand for a broader range of species, through joint retailer
and media campaigns.

Kopke and O’Mahony (2011) provided an overview of adaptive capacity, barriers
to adaptation, and information needs in the Irish fisheries sector, which echoed many
of the “barriers to adaptation” cited in the ECR report (Defra, 2013). Barriers included
“market failures” stemming from uncertainty around new or emerging species in the
United Kingdom of Great Britain and Northern Ireland EEZ. “Information barriers”
include that not all vessel operators may be aware of best practice techniques used
by foreign fleets that can allow them to maximize opportunities offered by shifts
in stock distribution. “Policy barriers” exist because the process of collecting and
considering scientific evidence required to change regulations for setting sustainable
catch quotas is likely slower than the pace of changes in stocks. There is a risk that
quota allocations significantly restrict fishing activity where stocks are increasing and
in some circumstances incentivize maladaptation. “Behavioural constraints” stem from
the relatively limited number of fish species favoured by United Kingdom of Great
Britain and Northern Ireland consumers. Although emerging species can be sold to
niche markets and restaurants, for the most part, such species are exported.

The ECR report identified that fisheries management and quota arrangements
can severely constrain the ability of fishers to adapt to climate change and this is
true on both sides of the Atlantic. For example, under the EU Common Fisheries
Policy, TACs are shared between EU member nations through pre-agreed “relative
stability” arrangements. These arrangements are based on member state catches during
a historical reference period, 1973 to 1978 (Morin, 2000) and give each member state a
fixed percentage share of the total stock in perpetuity. Climate change has since shifted
the geographical distribution of commercial species so that the national shares no longer
coincide with geographic proximity. Small amounts of quota can be swapped each year
between member states which could theoretically be used if distributions of managed
stocks shift into new areas, or retreat from traditional ones. Some sharing arrangements
(“fisheries agreements”) are also in place between the EU and non-EU countries (such
as Norway, Iceland, Greenland and the Faroe Islands) for stocks that are shared (e.g.
mackerel and cod). Climate change greatly complicates the situation, as demonstrated
during the recent North Atlantic “mackerel wars” (see Section 4.1 above).
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Governments have implemented various measures to manage fisheries, both
to conserve fish stocks and to help communities that depend on fishery resources
to adapt to changes caused by overfishing and other factors. Measures include
buybacks, introduction of transferable quotas, and investments in alternative sources
of employment and income. Successful adaptation to climate change is likely to involve
an extension of such policies, and in Europe the annual cost of adaptation has been
estimated to range between USD 0.03 billion and USD 0.15 billion (World Bank,
2010). As countries surrounding the North Atlantic are some of the most affluent on
the planet, it is assumed that, for the most part, “adaptive capacity” is high and that this
will reduce long-term, overall vulnerability compared to other FAO regions.

5.8 REFERENCES

Agnalt, A.-L., Grefsrud, E.S., Farestveit, E., Larsen, M. & Keulder, E 2013. Deformities
in larvae and juvenile European lobster (Homarus gammarus) exposed to lower pH at
two different temperatures. Biogeosciences, 10: 7883-7895. (also available at https://doi.
org/10.5194/bg-10-7883-2013).

Arnason, R. 2007. Climate change and fisheries, assessing the economic impact in Iceland
and Greenland. Natural Resource Modelling, 20(2): 163-197. (also available at https://
doi.org/10.1111/}.1939-7445.2007.tb00205.x).

Bates, N.R., Astor, YYM., Church, M.]., Currie, K., Dore, J.E., Gonzilez-Davila, M.,
Lorenzoni, L., Muller-Karger, E, Olafsson, J. & Santana-Casiano, J.M. 2014. A time-
series view of changing ocean chemistry due to ocean uptake of anthropogenic CO,
and ocean acidification. Oceanography, 27(1): 126-141. (also available at https://doi.
org/10.5670/oceanog.2014.16).

Beare, D.J., Burns, E, Greig, A., Jones, E.G., Peach, K., Kienzle, M., McKenzie, E. &
Reid, D.G. 2004. Long-term increases in prevalence of North Sea fishes having southern
biogeographic affinities. Marine Ecology Progress Series, 284: 269-278. (also available at
https://doi.org/10.3354/meps284269).

Beaugrand, G., Brander, K.M., Lindley, J.A., Souissi, S. & Reid, P.C. 2003. Plankton
effect on cod recruitment in the North Sea. Nature, 426: 661-664. (also available at
https://doi.org/10.1038/nature02164).

Beaugrand, G., Luczak, C. & Edwards, M. 2009. Rapid biogeographical plankton shifts
in the North Atlantic Ocean. Global Change Biology, 15(7): 1790-1803. (also available at
https://doi.org/10.1111/}.1365-2486.2009.01848.x).

Blanchard, J.L., Jennings, S., Holmes, R., Harle, J., Merino, G., Allen, J.I., Holt, J.,
Dulvy, N.K. & Barange, M. 2012. Potential consequences of climate change for primary
production and fish production in large marine ecosystems. Philosophical Transactions of
the Royal Society of London B: Biological Sciences, 367(1605): 2979-2989. (also available
at https://doi.org/10.1098/rstb.2012.0231).

Blomeyer, R., Stobberup, K., Erzini, K., Lam, V., Pauly, D. & Raakjaer, J. 2015. Fisheries
management and the Arctic in the context of climate change. Policy Department
B: Structural and Cohesion Policies. Brussels European Parliament. 112 pp. (also
available at http://www.europarl.europa.eu/RegData/etudes/STUD/2015/563380/
IPOL_STU(2015)563380_EN.pd).

Cheung, W.W.L., Lam, V.W.Y., Sarmiento, J.L., Kearney, K., Watson, R., Zeller, D. &
Pauly, D. 2010. Large-scale redistribution of maximum fisheries catch potential in the
global ocean under climate change. Global Change Biology, 16(1): 24-35. (also available
at https://doi.org/10.1111/}.1365-2486.2009.01995.x).

Cisneros-Montemayor, A.M., Pauly, D., Weatherdon, L.V. & Ota, Y. 2016. A global
estimate of seafood consumption by coastal indigenous peoples. PLoS ONE, 11(12):
e0166681 [online]. [Cited 26 April 2018]. https://doi.org/10.1371/journal.pone.0166681



106

Impacts of climate change on fisheries and aquaculture

Colburn, L.L., Jepson, M., Weng, C., Seara, T., Weiss, J. & Hare, J.A. 2016. Indicators
of climate change and social vulnerability in fishing dependent communities along the
Eastern and Gulf Coasts of the United States. Marine Policy, 74: 323-333. (also available
at https://doi.org/10.1016/j.marpol.2016.04.030).

Cook, R.M. & Heath, M.R. 2005. The implications of warming climate for the management
of North Sea demersal fisheries. ICES Journal of Marine Science, 62(7): 1322-1326. (also
available at https://doi.org/10.1016/j.icesjms.2005.04.023).

Cushing, D.H. 1982. Climate and fisheries. London, Academic Press. 273 pp.

Defra. 2013. Economics of climate resilience: natural environment theme: sea fish. February
2013. London, UK, Department for Environment, Food & Rural Affairs (Defra). 99 pp.
(also available at http://randd.defra.gov.uk/Document.aspx?Document=10658_CA0401-
rep-fishfinalfinal.pdf-AdobeAcrobatProfessional.pdf).

Diaz, R.J. & Rosenberg, R. 2008. Spreading dead zones and consequences for marine
ecosystems. Science, 321(5891): 926-929. (also available at https://doi.org/10.1126/
science.1156401).

Dickson, B., Yashayaev, L., Meincke, J., Turrell, B., Dye, S. & Holfort, J. 2002. Rapid
freshening of the deep North Atlantic Ocean over the past four decades. Nature, 416:
832-837. (also available at https://doi.org/10.1038/416832a).

Drinkwater, K.F. 2005. The response of Atlantic cod (Gadus morbua) to future climate
change. ICES Journal of Marine Science, 62(7): 1327-1337. (also available at https://doi.
org/10.1016/j.icesjms.2005.05.015).

Dulvy, N.K., Rogers, S.I, Jennings, S., Stelzenmiiller, V., Dye, S.R. & Skjoldal, H.R.
2008. Climate change and deepening of the North Sea fish assemblage: a biotic indicator
of warming seas. Journal of Applied Ecology, 45: 1029-1039. (also available at https://doi.
org/10.1111/j.1365-2664.2008.01488.x).

Eide, A. & Heen, K. 2002. Economic impacts of global warming: A study of the fishing
industry in North Norway. Fisheries Research, 56(3): 261 —274. (also available at https://
doi.org/10.1016/50165-7836(01)00324-1).

Ekstrom, J.A., Suatoni, L., Cooley, S.R., Pendleton, L.H., Waldbusser, G.G., Cinner,
J.E., Ritter, J. et al. 2015. Vulnerability and adaptation of US shellfisheries to ocean
acidification. Nature Climate Change, 5: 207-214. (also available at https://doi.
org/10.1038/nclimate2508).

Engelhard, G.H., Pinnegar, J.K., Kell, L.T. & Rijnsdorp, A.D. 2011. Nine decades of
North Sea sole and plaice distribution. ICES Journal of Marine Science, 68(6): 1090-1104.
(also available at https://doi.org/10.1093/icesjms/fsr031).

Engelhard, G.H., Righton, D.A. & Pinnegar, J.K. 2014. Climate change and fishing: a
century of shifting distribution in North Sea cod. Global Change Biology, 20(8): 2473~
2483. (also available at https://doi.org/10.1111/gcb.12513).

Fernandes, J.A., Papathanasopoulou, E., Hattam, C., Queiréds, A.M., Cheung, W.W.L.,
Yool, A., Pope, E.C. et al. 2017. Estimating the ecological, economic and social impacts
of ocean acidification and warming on UK fisheries. Fish and Fisheries, 18(3): 389—444.
(also available at https://doi.org/10.1111/faf.12183).

Fincham, J.I, Rijnsdorp, A.D. & Engelhard, G.H. 2013. Shifts in the timing of spawning
in sole linked to warming sea temperatures. Journal of Sea Research, 75: 69-76. (also
available at https://doi.org/10.1016/j.seares.2012.07.004).

Fogarty, M., Incze, L., Hayhoe, K., Mountain, D. & Manning, J. 2008. Potential climate
change impacts on Atlantic cod (Gadus morhua) off the northeastern USA. Mitigation
and Adaptation Strategies for Global Change, 13(5-6): 453—466. (also available at https://
doi.org/10.1007/s11027-007-9131-4).

Fossheim, M., Primicerio, R., Johannesen, E., Ingvaldsen, R.B., Aschan, M. & Dolgov,
A.V. 2015. Recent warming leads to a rapid borealization of fish communities in the
Arctic. Nature Climate Change, 5: 673-676. (also available at https://doi.org/10.1038/
nclimate2647).



Chapter 5: North Atlantic and Atlantic Arctic marine fisheries

107

Frank, K.T., Petrie, B., Fisher, J.A.D. & Leggett, W.C. 2011. Transient dynamics of
an altered large marine ecosystem. Nature, 477: 86-89. (also available at https://doi.
org/10.1038/nature10285).

Franke, A. & Clemmesen, C. 2011. Effect of ocean acidification on early life stages of
Atlantic herring (Clupea harengus L.). Biogeosciences, 8: 3697-3707. (also available at
https://doi.org/10.5194/bg-8-3697-2011).

Frommel, A.Y.,Maneja, R., Lowe, D.,Malzahn, A.M., Geffen, A.]., Folkvord, A., et al. 2012.
Severe tissue damage in Atlantic cod larvae under increasing ocean acidification. Nature
Climate Change, 21: 42—46. (also available at https://doi.org/10.1038/nclimate1324).

Garza-Gil, A.D., Torralba-Cano ]J. & Varela-Lafuente, M.M. 2010. Evaluating
the economic effects of climate change on the European sardine fishery. Regional
Environmental Change, 11(1): 87-95. (also available at https://doi.org/10.1007/s10113-
010-0121-9).

Grafton, R.Q. 2010. Adaptation to climate change in marine capture fisheries. Marine
Policy, 34(3): 606—615. (also available at https://doi.org/10.1016/j.marpol.2009.11.011).
Gregg, R.M,, Score, A., Pietri, D. & Hansen, L. 2016. The state of climate adaptation
in US marine fisheries management. Bainbridge Island, WA, USA, EcoAdapt. 110
pp- (also available at http://www.cakex.org/sites/default/files/documents/EcoAdapt_

MarineFisheriesAdaptation_August%202016_1.pdf).

Greve, W., Prinage, W.S., Zidowitz, H., Nast, J. & Reiners, F. 2005. On the phenology
of North Sea ichthyoplankton. ICES Journal of Marine Science, 62(7): 1216-1223. (also
available at https://doi.org/10.1016/j.icesjms.2005.03.011).

Grieve, B.D, Hare, J.A. & Saba, V.S. 2017. Projecting the effects of climate change on
Calanus finmarchicus distribution within the U.S. Northeast Continental Shelf. Scientific
Reports, 7: art:6264 [online]. [Cited 26 April 2018]. https://doi.org/10.1038/s41598-017-
06524-1

Hare, ]J.A., Morrison, W.E., Nelson, M.W., Stachura, M.M, Teeters, E.]., Griffis, R.B.,
Alexander, M.A. et al. 2016. A vulnerability assessment of fish and invertebrates to
climate change on the Northeast U.S. continental shelf. PLoS ONE, 11: e0146756
[online]. [Cited 26 April 2018]. https://doi.org/10.1371/journal.pone.0146756

Hendriks, I.L., Duarte, C.M. & Alvarez, M. 2010. Vulnerability of marine biodiversity to
ocean acidification: a meta-analysis. Estuarine, Coastal and Shelf Science, 86(2): 157-164.
(also available at https://doi.org/10.1016/j.ecss.2009.11.022).

Henson, S.A., Cole, H.S., Hopkins, J., Martin, A.P. & Yool, A. 2017. Detection of climate
change-driven trends in phytoplankton phenology. Global Change Biology, 24(1): e101-
el11. (also available at https://doi.org/10.1111/gcb.13886).

Hjort, J. 1914. Fluctuations in the great fisheries of Northern Europe viewed in the light of
biological research. Rapports et Proces-verbaux des Réunions. Conseil International pour
PExploration de la Mer, 20: 1-228.

Hughes, K.M., Dransfeld, L. & Johnson, M.P. 2015. Climate and stock influences on
the spread and locations of catches in the northeast Atlantic mackerel fishery. Fisheries
Oceanography, 24: 540-552. (also available at https://doi.org/10.1111/fog.12128).

IPCC. 2013. Climate change 2013: The physical science basis. Contribution of Working Group
I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. T.F.
Stocker, D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V.
Bex & PM. Midgley, eds. Cambridge, UK and New York, USA, Cambridge University
Press. 1535 pp. (also available at http://www.ipcc.ch/report/ar5/wgl/).

Jansen, T. & Gislason, H. 2011. Temperature affects the timing of spawning and migration
of North Sea mackerel. Continental Shelf Research, 31: 64-72. (also available at https://
doi.org/10.1016/j.¢sr.2010.11.003).

Jennings, S. & Blanchard, J.L. 2004. Fish abundance with no fishing: predictions based
on macroecological theory. Journal of Animal Ecology, 73(4): 632—642. (also available at
https://doi.org/10.1111/;.0021-8790.2004.00839.x).



108

Impacts of climate change on fisheries and aquaculture

Jepson, M. & Colburn, L.L. 2013. Development of social indicators of fishing community
vulnerability and resilience in the U.S. Southeast and Northeast regions. U.S. Department
of Commerce, NOAA Technical Memorandum NMFS-F/SPO-129. 64 pp. (also
available at https://spo.nmfs.noaa.gov/tm/TM129.pdf).

Jones, M.C., Dye, S.R., Fernandes, J.A., Frélicher, T.L., Pinnegar, J.K., Warren, R. &
Cheung, W.W.L. 2013. Predicting the impact of climate change on threatened species
in UK waters. PLoS ONE, 8(1): €54216 [online]. [Cited 26 April 2018]. https://doi.
org/10.1371/journal.pone.0054216

Karpechko, A.Y. 2010. Uncertainties in future climate attributable to uncertainties in
future Northern Annular Mode trend. Geophysical Research Letters, 37: 120702, 5 pp.
[online]. [Cited 26 April 2018]. https://doi.org/10.1029/2010GL044717

Kjesbu, O.S., Bogstad, B., Devine, J.A., Gjoszter, H., Howell, D., Ingvaldsen, R.B.,
Nash, R.D.M. & Skjzraasen, J.E. 2014. Synergies between climate and management for
Atlantic cod fisheries at high latitudes. Proceedings of the National Academy of Sciences,
111(9): 3478-3483. (also available at https://doi.org/10.1073/pnas.1316342111).

Kohnemann, S.H.E., Heinemann, G., Bromwich, D.H. & Gutjahr, O. 2017. Extreme
warming in the Kara Sea and Barents Sea during the winter period 2000 to 2016. Journal
of Climate [online]. [Cited 26 April 2018]. https://doi.org/10.1175/JCLI-D-16-0693.1

Koivurova, T., Tervo, H. & Stepien, A. 2008. Background paper - indigenous peoples in
the Arctic. Arctic TRANSFORM. 33 pp. (also available at https://arctic-transform.org/
download/IndigPeoBP).

Kopke, K. & O’Mahony, C. 2011, Preparedness of key coastal and marine sectors in Ireland
to adapt to climate change. Marine Policy, 35(6): 800-809. (also available at https://doi.
org/10.1016/j.marpol.2011.01.008).

Kroeker, K.J., Kordas, R.L., Crim, R., Hendriks, L.E., Ramajo, L., Singh, G.S., Duarte,
C.M. & Gattuso, J.P. 2013. Impacts of ocean acidification on marine organisms:
quantifying sensitivities and interaction with warming. Global Change Biology, 19(6):
1884-1896. (also available at https://doi.org/10.1111/gcb.12179).

Lam, V.W.Y, Cheung, W.W.W. & Sumaila, U.R. 2014. Marine capture fisheries in the
Arctic: winners or losers under climate change and ocean acidification? Fish and Fisheries,
17(2): 335-357. (also available at https://doi.org/10.1111/faf.12106).

Lenoir, S., Beaugrand, G. & Lecuyer, E. 2011. Modelled spatial distribution of marine fish
and projected modifications in the North Atlantic Ocean. Global Change Biology, 17:
115-129. (also available at https://doi.org/10.1111/j.1365-2486.2010.02229.x).

Lindegren, M., Méllmann, C., Nielsen, A., Brander, K., MacKenzie, B.R. & Stenseth,
N.C. 2010. Ecological forecasting under climate change: the case of Baltic cod.
Proceedings of the Royal Society B: Biological Sciences, 277(1691): 2121-2130. (also
available at https://doi.org/10.1098/rspb.2010.0353).

Lynam, C.P, Cusak, C. & Stokes, D. 2010. A methodology for community-level
hypotheses testing applied to detect trends in phytoplankton and fish communities
in Irish waters. Estuarine, Coastal and Shelf Science, 87(3): 451-462. (also available at
https://doi.org/10.1016/j.ecss.2010.01.019).

Macfadyen, G., Keatinge, M., O Donoghue, S. & Kavanagh, A. 2010. Assessment of the
status, development and diversification of fisheries-dependent communities. Killybegs
Case Study Report: July 2010. 52 pp.

MacKenzie, B.R., Payne, M.R., Boje, J., Hoyer, J.L. & Siegstad, H. 2014. A cascade of
warming impacts brings bluefin tuna to Greenland waters. Global Change Biology, 20(8):
2484-2491. (also available at https://doi.org/10.1111/gcb.12597).

McQueen, K. & Marshall, C.T. 2017. Shifts in spawning phenology of cod linked to rising
sea temperatures. /CES Journal of Marine Science, 74(6): 1561-1573. (also available at
https://doi.org/10.1093/icesjms/fsx025).

Montero-Serra, I., Edwards, M. & Genner, M.]. 2015. Warming shelf seas drive the
subtropicalization of European pelagic fish communities. Global Change Biology, 21(1):
144-153. (also available at https://doi.org/10.1111/gcb.12747).



Chapter 5: North Atlantic and Atlantic Arctic marine fisheries

109

Morin, M. 2000. The fisheries resources in the European Union. The distribution of TACs:
principle of relative stability and quota-hopping. Marine Policy, 24(3): 265-273. (also
available at https://doi.org/10.1016/S0308-597X(00)00004-X).

Narita, D. & Rehdanz, K. 2017 Economic impact of ocean acidification on shellfish
production in Europe. Journal of Environmental Planning and Management, 60(3):
500-518. (also available at https://doi.org/10.1080/09640568.2016.1162705).

Natale, F, Carvalho, N., Harrop, M., Guillen, J. & Frangoudes, K. 2013. Identifying
fisheries dependent communities in EU coastal areas. Marine Policy, 42: 245-252. (also
available at https://doi.org/10.1016/j.marpol.2013.03.018).

Nye, J.A., Link, J.S., Hare, J.A. & Overholtz, W.J. 2009. Changing spatial distribution
of fish stocks in relation to climate and population size on the Northeast United States
continental shelf. Marine Ecology Progress Series, 393: 111-129. (also available at https://
doi.org/10.3354/meps08220).

Ostle, C., Williamson, P., Artioli, Y., Bakker, D.C.E., Birchenough, S., Davis, C.E., Dye,
S. et al. 2016. Carbon dioxide and ocean acidification observations in UK waters: synthesis
report with a focus from 2010 to 2015. UK Ocean Acidification Research Programme
(UKOA). 44 pp.

Ottersen, G., Hjermann, D.JJ. & Stenseth, N.C. 2006. Changes in spawning stock
structure strengthen the link between climate and recruitment in a heavily fished cod
(Gadus morbhua) stock. Fisheries Oceanography, 15(3): 230-243. (also available at https://
doi.org/10.1111/}.1365-2419.2006.00404.x).

Perry, A.L., Low, P.J., Ellis, J.R. & Reynolds, J.D. 2005. Climate change and distribution
shifts in marine fishes. Science, 308(5730): 1912-1915. (also available at https://doi.
org/10.1126/science.1111322).

Petitgas, P., Rijnsdorp, A.D., Dickey-Collas, M., Engelhard, G.H., Peck, M.A., Pinnegar,
J.K., Drinkwater, K., Huret, M. & Nash, R.D.M. 2012. Impacts of climate change on
the complex life cycles of fish. Fisheries Oceanography, 22(2): 121-139. (also available at
https://doi.org/10.1111/f0g.12010).

Pimentel, M.S., Faleiro, E, Margues, T., Bispo, R., Dionisio, G., Faria, A.M., Machado, J., et
al. 2016. Foraging behaviour, swimming performance and malformations of early stages of
commercially important fishes under ocean acidification and warming. Climatic Change,
137(3—4): 495-509. (also available at https://doi.org/10.1007/s10584-016-1682-5).

Planque, B. & Frédou, T. 1999. Temperature and the recruitment of Atlantic cod (Gadus
morhua). Canadian Jouwrnal of Fisheries and Aquatic Sciences, 56(11): 2069-2077. (also
available at https://doi.org/10.1139/199-114).

Provoost, P, van Heuven, S., Soetaert, K., Laane, R W.P.M. & Middelburg, ]J.J. 2010.
Seasonal and long-term changes in pH in the Dutch coastal zone. Biogeosciences, 7:
3869-3878. (also available at https://doi.org/10.5194/bg-7-3869-2010).

Rhein, M., Rintoul, S.R., Aoki, S., Campos, E., Chambers, D., Feely, R.A., Gulev, S. et al.
2013. Observations: ocean. In T.F. Stocker, D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen,
J. Boschung, A. Nauels, Y. Xia, V. Bex & P.M. Midgley, eds. Climate change 2013: The
physical science basis. Contribution of Working Group I to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Change, pp. 255-315. Cambridge, UK and
New York, USA, Cambridge University Press. (also available at http://www.ipcc.ch/pdf/
assessment-report/ar5/wgl/WG1AR5_Chapter03_FINAL.pdf).

Shackell, N.L., Ricard, D. & Stortini, C. 2014. Thermal habitat index of many Northwest
Atlantic temperate species stays neutral under warming projected for 2030 but changes
radically by 2060. PLoS ONE, 9(3): €90662 [online]. [Cited 26 April 2018]. https://doi.
org/10.1371/journal.pone.0090662

Simpson, S.D., Jennings, S., Johnson, M.P., Blanchard, J.L., Schon, PJ., Sims, D.W.
& Genner, M.]. 2011. Continental shelf-wide response of a fish assemblage to rapid
warming of the sea. Current Biology, 21(18): 1565-1570. (also available at https://doi.
org/10.1016/j.cub.2011.08.016).



110

Impacts of climate change on fisheries and aquaculture

Singh, R.K., Meheshwari, M., Oza, S.R. & Kumar, R. 2013. Long-term variability in
Arctic sea surface temperatures. Polar Science, 7(3—4): 233-240. (also available at https://
doi.org/10.1016/j.polar.2013.10.003).

STECE 2017. The 2017 annual economic report on the EU fishing fleet (STECF-17-12).
Scientific, Technical and Economic Committee for Fisheries (STECF). Luxembourg,
Publications Office of the European Union. PUBSY No. JRC107883. 492 pp. (also
available at https://doi.org/10.2760/36154).

Steinacher, M., Joos, E, Frolicher, T.L., Plattner, G.-K. & Doney, S.C. 2009. Imminent
ocean acidification in the Arctic projected with the NCAR global coupled carbon cycle-
climate model. Biogeosciences, 6: 515-533. (also available at https://doi.org/10.5194/
bg-6-515-2009).

Stendardo, I. & Gruber, N. 2012. Oxygen trends over five decades in the North Atlantic.
Journal of Geophysical Research, 117, C11004 [online]. [Cited 26 April 2018]. https://doi.
org/10.1029/2012]JC007909

Styf, H.K., Nilsson Skéld, H. & Eriksson, S.P. 2013. Embryonic response to long-term
exposure of the marine crustacean Nephrops norvegicus to ocean acidification and
elevated temperature. Ecology and Evolution, 3(15): 5055-5065. (also available at https://
doi.org/10.1002/ece3.860).

Sswat, M., Stiasny, M.H., Taucher, J., Alguer6-Muiiz, M., Bach, L.T,, Jutfelt, F,
Riebesell, U. & Clemmesen, C. 2017. Food web changes under ocean acidification
promote herring larvae survival. Nature Ecology and Evolution, 2: 836-840. (also
available at https://doi.org/10.1038/541559-018-0514-6).

Taboada, EG. & Anadén, R. 2012. Patterns of change in sea surface temperature in the
North Atlantic during the last three decades: beyond mean trends. Climatic Change,
115(2): 419-431. (also available at https://doi.org/10.1007/s10584-012-0485-6).

TemaNord. 2011. The pelagic complex in the North East Atlantic Ocean. Challenges
and possibilities in the pelagic sector — looking towards the future. International
Conference 7-9 September 2010. Copenhagen, Nordic Council of Ministers (Nordiska
Ministerradet). (also available at http://www.diva-portal.se/smash/get/diva2:702314/
FULLTEXTOL.pdf).

Thomas, A.C., Pershing, A.]., Friedland, K.D., Nye, J.A., Mills, K.E., Alexander, M.A.,
Record, N.R., Weatherbee, R. & Henderson, ML.E. 2017. Seasonal trends and phenology
shifts in sea surface temperature on the North American northeastern continental shelf.
Elementa: Science of the Anthropocene, 5: art:48 [online]. [Cited 26 April 2018]. http://
doi.org/10.1525/elementa.240

Thunberg, EIM. & Correia, S.J. 2015. Measures of fishing fleet diversity in the New
England groundfish fishery. Marine Policy, 58: 6-14. (also available at https://doi.
org/10.1016/j.marpol.2015.04.005).

Townhill, B.L., van der Molen, J., Metcalfe, J.D., Simpson, S.D., Farcas, A. & Pinnegar,
J.K. 2017. Consequences of climate-induced low oxygen conditions for commercially
important fish. Marine Ecology Progress Series, 580: 191-204. (also available at https://
doi.org/10.3354/meps12291).

Vinagre, C., Santos, ED., Cabral, H. & Costa, M.J. 2011. Impact of climate warming
upon the fish assemblages of the Portuguese coast under different scenarios. Regional
Environmental Change, 11(4):779-789. (also available at https://doi.org/10.1007/s10113-
011-0215-z).

Walsh, H.]J., Richardson, D.E., Marancik, K.E. & Hare, J.A. 2015. Long-term changes
in the distributions of larval and adult fish in the Northeast U.S. Shelf Ecosystem. PLoS
ONE, 10(9): e0137382 [online]. [Cited 26 April 2018]. https://doi.org/10.1371/journal.
pone.0137382



Chapter 5: North Atlantic and Atlantic Arctic marine fisheries

111

Wanninkhof, R., Barbero, L., Byrne, R., Cai, W.-J., Huang, W.-]., Zhang, J.-Z., Baringer,
M. & Langdon, C. 2015. Ocean acidification along the Gulf Coast and East Coast of the
USA. Continental Shelf Research, 98: 54-71. (also available at https://doi.org/10.1016/j.
csr.2015.02.008).

World Bank. 2010. The costs to developing countries of adapting to climate change: new
methods and estimates. Global report of the economics of adaptation to climate change
study (consultation draft). Washington, DC, World Bank. 84 pp. (also available at http://
siteresources.worldbank.org/EXTCC/Resources/EACC-june2010.pdf).

Yool, A., Popova, E.E. & Coward, A.C. 2015. Future change in ocean productivity: Is the
Arctic the new Atlantic? Journal of Geophysical Research: Oceans, 120: 7771-7790. (also
available at https://doi.org/10.1002/2015]JC011167).






113

Chapter 6: Climate change impacts,
vulnerabilities and adaptations:
North Pacific and Pacific Arctic
marine fisheries

Kirstin Holsman', Anne Hollowed', Shin-ichi Ito? Steven Bograd’, Elliott

Hazen’, Jackie King*, Franz Mueter® and R. Ian Perry*

1. Alaska Fisheries Science Center, National Oceanic and Atmospheric Administration,
National Marine Fisheries Service, Seattle, United States of America

2. Atmosphere and Ocean Research Institute, University of Tokyo, Kashiwa-city, Japan

3. Southwest Fisheries Science Center, National Oceanic and Atmospheric Administration,
National Marine Fisheries Service, Monterey, United States of America

4. Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, Canada

5. University of Alaska Fairbanks, School of Fisheries and Ocean Sciences, Alaska, United
States of America

KEY MESSAGES

® The North Pacific has experienced disturbances in recent years that are very
likely driven in part by anthropogenic climate change, including the persistent
anomalously warm conditions in the Northeast Pacific from 2014 to 2016.

® Extreme events are expected to become more frequent and longer in duration
across the North Pacific under unmitigated CO, scenarios (medium confidence).

e There is high confidence that extreme events will directly or indirectly induce
disturbances to some existing fisheries, while others may be unaffected.

® Some demersal fish and crab stocks in multiple regions, as well as Chinook
salmon in the Northeast Pacific, may decline as a result of ocean acidification,
warming waters, and phenological mismatch and shifts in prey resources (medium
confidence).

e There is high confidence that centroids of biomass for some fish and crab species
in the Bering Sea will shift northward into northern Bering Sea waters, where
commercial fishing is limited.

e There is high confidence that small boat fisheries (catcher vessels in Alaska, saury
fishing vessels) as well as shore-based subsistence and recreational fishers are the
most vulnerable to future climate change.

® Realized impacts of climate-driven changes on fisheries will depend on constraints
to, or opportunities for, adaptation from non-climate pressures such as fishery
dependency and diversity, global socio-economic drivers, pollution, non-
climate-driven habitat loss, sea level rise, evolving scientific understanding, and
technological advancements.
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FIGURE 6.1
The North Pacific region
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Map of the North Pacific and Pacific Arctic region and key oceanographic features, including major currents (arrows) and major gyres (green polygons);

Okhotsk Sea Gyre (OSG), Western Sub-arctic Gyre (WSAG), and Bering Sea Gyre (BSG).

6.1 REGIONS AND FISHERIES OF THE NORTH PACIFIC

Roughly half of all fish captured globally each year come from the North Pacific
(FAO, 2016) which is comprised of diverse marine ecosystems (Figure 6.1) that include
the following:

6.1.1 The Northwest Pacific

The Northwest Pacific is one of the most productive areas in the world and with an
annual catch of more than 21 million tonnes harvested in the region, represents 25 percent
of worldwide capture fisheries production annually (FAO, 2016). Key fisheries include
walleye pollock (Gadus chalcogrammus, formerly Theragra chalcogramma), Japanese
anchovy (Engraulis japonicus), Pacific chub mackerel (Scomber japonicus), largehead
hairtail (Trichinrus lepturus), forage fish species, scads (family Carangidae), crab,
shrimp and molluscs. Oceanographic features of the western North Pacific are largely
characterized by two western boundary currents (WBCs): Kuroshio (subtropical
WBC), which transports warm and oligotrophic water, and the Oyashio (subarctic
WBC), which transports cold and nutrient-rich subarctic water (Figure 6.1). Where
these currents meet, mixing promotes biological production and sustains high fishery
production in the western North Pacific. In addition, strong temperature gradients
between the Oyashio and Kuroshio delineate a variety of species habitats.
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6.1.2 The Northeast Pacific

The Northeast Pacific is characterized by productive boundary currents and upwelling
zones that support large fisheries for migratory bluefin (Thunnus orientalis) and
albacore tuna (7. alalunga), small pelagics, Pacific halibut (Hippoglossus stenolepis) and
other groundfish, and a number of Pacific salmon (Oncorbynchus spp.) stocks, as well
as valuable crab, shrimp and squid fisheries with a collective average annual value to
Canada’s Pacific economy of about USD 230 million (DFO, 2013). Important non-
migrant fish stocks include rockfish species, characterized by slow growth rates, high
longevity, and low recruitment rates, potentially making them more vulnerable to climate
change (Bograd et al., 2016). Marine recreational fisheries are also very important and
contribute over USD 90 million annually to Canada’s Pacific economy (DFO, 2013).

6.1.3 The Pacific Arctic

The Eastern Bering Sea (EBS), Beaufort, and Chukchi seas that comprise the Pacific
Arctic are dynamic, shallow, ice-driven ecosystems (Sigler et al., 2016b) that support
some of the most productive fisheries in the world and are critical to regional and
national economies and food security. With more than 2.5 million tonnes landed in
2015, and a total landings revenue of about USD 1.7 billion (2015 values), more than
half of all domestic landings in the United States of America came from Alaska fisheries
in the EBS for groundfish (including walleye pollock, Pacific cod, Pacific halibut,
rockfish, and flatfish), crab and Pacific salmon, including the largest wild salmon
fishery in the world for Bristol Bay sockeye salmon. Subsistence harvest of fish and
marine mammals is a significant feature of Arctic fisheries and is critical to long-term
sustainability of local communities. Climate drives regional productivity and fisheries;
in particular, ice extent and persistence in the Arctic influences the distribution of
fish and marine mammals and the subsistence harvest of fish and marine mammals by
local communities (Huntington er al., 2013; Moore and Stabeno, 2015). In the EBS,
winter sea ice structures the formation of the summer “cold pool”, a body of dense,
cold bottom water (less than 2 °C) that influences food web interactions on the shelf
through divergent tolerance of predators and prey of cold pool conditions, determines
the relative strength of top-down versus bottom-up controls, and promotes lipid-rich
trophic pathways that enhance recruitment of multiple groundfish and crab species
during cold years (Sigler et al., 2016D).

6.1.4 The Central Pacific

The Central Pacific region transitions from warm-water oligotrophic coral ecosystems
to cool-water pelagic ecosystems and supports a diversity of fish species and fisheries.
More than 14.5 million tonnes were landed by fisheries in the central Pacific in 2014,
most of which were harvested in the western central region (12.8 million tonnes; FAO,
2016). In the Hawaiian Islands, the marine ecosystem supports a strong subsistence
harvest, a recreational fishery for reef and open-water fish, and a commercial longline
fleet for tuna and swordfish (Pooley, 1993). In 2015, USA commercial fishery
landings revenue totalled about USD 111 million with bigeye tuna accounting for at
least 50 percent of Hawaii’s landings revenue each year from 2006 to 2015 (NMFS,
2017a). As of 2012, 80 percent of fisheries revenue came from large-scale commercial
longlines compared to smaller-scale fisheries (Lowther and Liddel, 2014). A roughly
1 500 000 km? fishery closure area surrounding the northwest Hawaiian Islands is one
of the largest marine protected areas in the ocean. Many commercial fisheries target
the highly productive North Pacific Transition Zone (NPTZ, approximately between
32°N and 42°N; Figure 6.1), where both commercially fished species and marine
predators take advantage of the mesoscale oceanographic features that aggregate prey
at the transition from the subarctic to subtropical frontal zones. As such, potential
bycatch of protected species remains a concern for these open-ocean fisheries (Howell
et al., 2015).
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6.2 OBSERVED AND PROJECTED IMPACTS ON THE MARINE ENVIRONMENT
Over the next century, significant environmental change is anticipated for the North
Pacific under unmitigated as well as moderate CO, future scenarios (IPCC, 2013, 2014).
Changes in water temperature, circulation, oxygen conditions, and ocean pH may alter
species distributions and interactions in ways that yield novel system dynamics and
whole ecosystem reorganization (Poloczanska et al., 2016). Within the North Pacific,
the largest potential climate impacts on fisheries include changes in temperature and ice
conditions, which can alter the flow of energy to upper trophic levels; changes in the
location, timing and magnitude of coastal upwelling, which can impact lower trophic
productivity and predator-prey interactions; changes in ocean circulation, which can
impact the characteristics of source waters to the region and alter advective pathways;
and changes in ocean biogeochemistry, including the supply and stoichiometry of
nutrients, alterations in the depth and strength of stratification, reduced oxygen
content at mid-ocean levels, and increasing acidification (IPCC, 2013, 2014).

6.2.1 Physical and chemical changes

Warming ocean temperatures

Across the North Pacific, temperatures increased by 0.1 °C/yr to 0.3 °C/yr from 1950
to 2009!, although the California Current System (CCS) and Northwest Pacific have
shown greater rates of increase (0.6 °C to 1.0 °C and 0.3 °C to 0.6 °C, respectively;
Poloczanska et al., 2013). Continued sea surface warming is anticipated for the entire
North Pacific over the next century (Figure 6.2). Relative to 1956 to 2000 average
conditions, projected increases for the 2050 to 2099 period range from a total of
1.4 °C to 2.2 °C (moderate CO, scenarios; hereafter RCP4.5) to 3.0 °C to 3.2 °C
(unmitigated CO, scenarios; hereafter RCP8.5) for the EBS and Western Bering Sea,
Sea of Okhotsk, and Gulf of Alaska (GOA; Figure 6.2). Projected total increases in
sea surface temperatures (SST) for the Arctic range from 0.6 °C to 1.4 °C and 0.8 °C
to 2.4 °C (RCP4.5 and RCP8.5, respectively; 2050 to 2099 relative to 1956 to 2005),
but represent an eight-fold increase in variability over 1956 to 2005 levels. In the EBS
and Arctic, increased temperatures represent a relatively larger change than in warmer
central Pacific regions. Average summer bottom temperatures in the EBS historically
averaged between 2 °C to 4 °C but under unmitigated scenarios are projected to
increase by about 3 °C (2 °C to 4 °C) by 2099; summer SST across the region, which
has historically ranged between 2 °C and 10 °C may increase by as much as 4 °C to 8 °C
by 2099 (Figure 6.3). Multi-year periods of cooler than average conditions, typical over
the last two decades in the EBS and associated with high productivity in the system
(Sigler et al., 2016b), are expected to decline in frequency, duration, and magnitude
(Hermann er al., 2016), and are absent in multiple unmitigated scenarios after 2050.

Decreasing and more variable ice cover

Sea ice extent and thickness has shown consistent declining trends in multiple
regions of the North Pacific. In the high Arctic, sea ice extent declined between 1979
and 2017 at a rate of between 2.5 percent and 13.2 percent per decade (April and
September, respectively; approximately 86 100 km? per year for September; Ding et al.,
2017). Decline is especially apparent for the oldest, thickest sea ice (4+ years) which
constituted approximately 150 000 km? in 2017 compared to over 2 million km? in the
mid-1980s?. September 2017 Arctic sea ice volume calculated using the Pan-Arctic Ice

! For this report historical, present, and projection reporting periods may vary by study.

2 National Snow and Ice Data Center http://nsidc.org/arcticseaicenews based on Tschudi, M., Fowler,
C., Maslanik, J., Stewart, ].S. & Meier, W. 2016. EASE-Grid Sea Ice Age, Version 3. Boulder,
Colorado USA. NASA National Snow and Ice Data Center Distributed Active Archive Center.
http://dx.doi.org/10.5067/PFSVFZA9Y85G [Cited 15 October 2017].
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Ocean Modeling and Assimilation System at the University of Washington (PIOMAS?)
was 72 percent lower than the August 1979 maximum. Sea ice cover also showed
decreasing trends in the Sea of Okhotsk: reconstructed sea ice production decreased
by 11.4 percent from 1974 to 2008 (Kashiwase, Ohshima and Nihashi, 2014) mainly as
a result of warmer autumn air temperatures.

FIGURE 6.2
Climate Model Intercomparison Project version 5 (CMIP5) ensemble average (ENSMN) end of
century projections of change in SST and phytoplankton production

a) CMIP5 ENSMN RCP4.5 anomaly (°C) b) CMIP5 ENSMN RCP8.5 anomaly (°C)
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scenarios (RCP4.5; a, ¢) and unmitigated CO, scenarios (RCP8.5; b, d) relative to 1956 to 2005. Image courtesy of the United States
Department of Commerce, NOAA Earth System Research Laboratory Climate Change Portal www.esrl.noaa.gov/psd/ipcc/ocn/.
Projection data from the fifth phase of the Climate Model Intercomparison Project (CMIP5; Taylor et al., 2012).

3 http://psc.apl.uw.edu/research/projects/arctic-sea-ice-volume-anomaly/
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FIGURE 6.3
Climate Model Intercomparison Project version 5 (CMIP5) ensemble average (ENSMN) end of
century projections of bottom temperature in the EBS

EBS July bottom temperature
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The simulations are forced using historical emission (1976 to 2005) and future projection (2006 to 2099) under moderate (RCP4.5;
left) or unmitigated CO, (RCP8.5; right) emission scenarios. A one-year running mean is applied. Figures show the ENSMN ensemble
mean (solid lines), and in light shading and dark shading, 80 percent and 50 percent of the spread of all the CMIP5 members,
respectively. Based on data and images provided by the United States Department of Commerce, NOAA Earth System Research
Laboratory Climate Change Portal http://www.esrl.noaa.gov/psd/ipcc/ocn/timeseries.html. Projection data from the fifth phase of
the Climate Model Intercomparison Project (CMIP5; Taylor et al., 2012).

While the Pacific Arctic will likely continue to experience ice formation during the
winter, ensemble projections indicate the Arctic may be ice-free in the summer by mid-
century (Figure 6.4). Under both moderate (RCP4.5) and unmitigated CO, scenarios
(RCP8.5), the extent, thickness, and date of sea ice retreat is projected to decrease.
According to ensemble Climate Model Intercomparison Project version 5 (CMIP5)
projections, May sea ice percentage cover in 2085 in the Sea of Okhotsk is likely to
decline more than 50 percent relative to historical (1986 to 2005) ice conditions, with
greater declines projected for unmitigated CO, scenarios (Figure 6.4). September sea
ice extent over the EBS shelf (Figure 6.4) and the area of the summer cold pool is
projected to decline to near zero by 2055 under unmitigated CO, scenarios (Figure 6.4;
Hermann er al., 2016; Hermann, unpublished data).
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FIGURE 6.4
Sea ice area percentage projections (1979 to 2099) for the northern Bering and Chukchi Seas
and Sea of Okhotsk based on CMIP5 ensemble projections
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Projections of September sea ice cover in the Northern Bering & Chuckchi Seas (a,b), and mean annual sea ice cover in the Sea of
Okhotsk (c,d). The simulations are forced using historical emissions (1976 to 2005) and future projection (2006 to 2099) under (a,c)
moderate (RCP4.5) or (b,d) unmitigated CO, (RCP8.5) emission scenarios. A one-year running mean is applied. Figures show the ENSMN
ensemble mean (solid lines), and in light shading and dark shading, 80 percent and 50 percent of the spread of all the CMIP5 members,
respectively. Based on data and images provided by the United States Department of Commerce, NOAA Earth System Research
Laboratory Climate Change Portal http://www.esrl.noaa.gov/psd/ipcc/ocn/timeseries.html. Projection data from the fifth phase of
the Climate Model Intercomparison Project (CMIP5; Taylor et al., 2012).

Upwelling and ocean circulation

There is evidence of upwelling intensification in some eastern boundary currents,
including the CCS, although coastal wind observations are too short to definitively
attribute trends to climate change (Sydeman er al., 2014; Wang et al., 2015). Global
climate models project an increase in coastal upwelling in the northern portion of the
CCS (only) and a general lengthening of the upwelling season (Rykaczewski ez al.,
2015) while enhanced stratification may limit upwelling-driven nutrient delivery to the
euphotic zone (Bakun et al., 2015). The net ecosystem effects are uncertain, and likely
to be highly variable in space and time (Jacox er al., 2015).

Recently, subtropical western boundary currents have undergone rapid warming
at a rate three times faster than the global mean surface ocean warming rate (Wu et
al., 2012). The accelerated warming is associated with a synchronous poleward shift
and/or intensification of global subtropical western boundary currents in conjunction
with a systematic change in winds over both hemispheres. The Kuroshio also showed
intensification, while the Oyashio responded to the multi-decadal shift in the wind
stress field by contracting northwestward (Kuroda ez al., 2015). This shift was observed
by repeated hydrographic observations over 19 years but is likely part of multi-decadal
oscillations and not indicative of a long-term trend.
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Sea level rise

During the period 1993 to 2016, sea level in the mid-North Pacific and Western Tropical
Pacific had risen 3.0 mm/yr to 7.0 mm/yr (Lyu et al., 2017), while the Northeast Pacific
showed slower or negative sea level rise of -1.0 mm/yr to 3.0 mm/yr (Lyu er al., 2017;
Thompson er al., 2017). The east-west pattern in sea level change can be explained
by decadal and quasi-decadal variability that resulted in the strengthening of trade
winds and a predominantly negative phase of the Pacific Decadal Oscillation (PDO)
during much of the altimetry period, and which reversed during the 2012 to 2016 El
Nifio-Southern Oscillation (ENSO) leading to rapid sea level rise in the Northeast
Pacific of 20 mm/yr to 40 mm/yr and concomitant decreases in the Western Pacific.
In 2016, sea level across the North Pacific was 5 cm to 15 cm above the 1993 average
and the number of days where stations reported extreme high water increased by one
to over five days for multiple stations in the Northeast Pacific, Hawaii, and Arctic, but
decreased by one to two days in the Western Pacific (Thompson et al., 2017). Thermal
expansion of oceans, increased sea ice melt, and changes in sea surface pressure are
projected to further contribute to continued sea level rise across the North Pacific at
rates exceeding historical observations (Nerem et al., 2018), but with differing regional
estimates in magnitude over time because of the effect of ENSO events, which can
impact sea level.

Continued sea level rise may particularly impact nearshore habitats along North
Pacific coasts and ecosystems at the freshwater-marine interface. Qiu and Zhu (2015)
found that the intensity of saltwater intrusion and degree of stratification may increase
with sea level rise, and estimated 48 percent and 28 percent changes in freshwater
volume in spring- and neap-tides respectively in the Yangtze River estuary by
2100. Evaluations of coastal vulnerability to sea level rise indicate that 37 percent of
mangroves in the Guangxi Province (China; mostly along the coasts of Dandouhai and
Beihai where sea level rise exceeds low sedimentation rates) and 5.8 percent of coastal
wetlands in the Yangtze Estuary may be low to moderately vulnerable to sea level rise
under unmitigated CO, scenarios (A1F1 rise of 0.59 ¢cm per year; Cui ez al., 2015; Li
et al., 2014); additionally, 6.9 percent of coastal wetlands in the Yangtze Estuary might
be highly vulnerable to sea level rise by 2100 (Cui ez al., 2015).

Changes in ocean chemistry, oxygen, and pH

In the Northwest Pacific, freshening in the subtropical gyre at a rate of about -0.001
practical salinity units (psu)/year over the last 50 years has accelerated to -0.008 psu/
year in the last two decades (Oka et al., 2017). Water exchanges between subarctic
and subtropical areas appear to cause freshening through subduction processes and
differential freshening trends in subarctic subsurface and surface layers have been
observed (Kuroda et al., 2015). While freshening trends can be mostly explained by
displacement of isopycnals (vertical distribution of water density) in the Oyashio
accompanied by a multi-decadal shift of the wind stress field, subsurface salinity has
an additional freshening trend that may be caused by increasing precipitation in the
subarctic region and decreasing sea ice formation in the Sea of Okhotsk (Ohshima et
al., 2014).

It is estimated that the ocean is 30 percent more acidic today than it was 300 years
ago and global oceans have absorbed roughly 26 percent of the 10.2 (+/-0.7) Pg C/yr
released globally during the 2006 to 2015 period. Net carbon uptake in 2016 was
greatest in the North Pacific, central Pacific and Arctic, and lowest in the Northwest
Pacific. The oceans are expected to continue to absorb atmospheric carbon and surface
ocean pH across most of the North Pacific is expected to continue to decline by 0.12
(pH units) over the next century, well beyond the natural variability observed to date
(i.e. 0.002 to 0.01 pH units for the North Pacific). Acidification is expected to occur
faster and to be more severe in the cold waters of the Pacific Arctic compared to lower
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latitudes. The response of marine species to lower pH is highly variable and difficult
to disentangle from temperature (Poloczanska et al., 2013), making it challenging to
identify ocean acidification impacts to date or predict the full range of potential future
ecosystem impacts.

Along the eastern boundary of the North Pacific, seasonal hypoxic events (low
oxygen, less than 1.4 mL/litre) are becoming increasingly common on the outer
continental shelf and slope off the west coast of the United States of America (Connolly
et al., 2010). Since 1980 there has been an observed decline in total dissolved oxygen
(DO) content in mid-waters throughout much of the eastern North Pacific (Booth
et al., 2014), although recent declines followed increasing trends in DO from 1950
to 1980, thus recent declines cannot yet be definitively attributed to anthropogenic
climate change (Crawford and Pefia, 2016).

6.2.2 Biological and ecological changes

Primary production is projected to increase five percent to eight percent in the
historically productive Sea of Okhotsk and Bering Sea, while ten percent to 20 percent
declines in primary production are projected for the Northeast and Central Pacific
relative to 1956 to 2005 levels (Figure 6.2). In addition, the location of the North
Pacific Transition Zone (NPTZ; Figure 6.1) has been recorded as moving northwards
resulting in an expansion of oligotrophic tropical waters (Polovina, Howell and
Abecassis, 2008). Climate simulations under anthropogenic warming predict the trend
will continue, potentially affecting the connectivity of the Western and Eastern Pacific
(under RCP8.5; Hazen et al., 2012).

Extreme events

In the boreal winter of 2013/2014, a marine heatwave of strongly positive SST
developed in the Northeast Pacific Ocean (Bond et al., 2015) and persisted through
a large El Nifio in the winter of 2015 (Jacox et al., 2016), yet the persistent warming
resulted in a different extratropical expression of El Nifio compared to similar
magnitude El Nifios during 1997/1998 (Jacox et al., 2016). The El Nifio conditions,
along with preconditioning of waters during 2014/15, and anomalous atmospheric
circulation in early 2016 resulted in warm ocean anomalies in the Bering Sea in 2016
that cannot be explained without anthropogenic climate warming (Walsh et al., 2018).
Similarly, for the period 2006 to 2020, Oliver et al. (2018) found that the intensity and
duration of extreme heatwaves in the Bering Sea and GOA were respectively 7.3 and
7.4 times more likely under climate change as compared to the natural world (i.e. under
RCP8.5 versus historicalNat*). They also found that the return time of such events
increased from one in greater than 120 years to one in five years under climate change
(RCP8.5 versus historicalNat). Based on this they concluded that it was unlikely that
natural variability alone led to the observed extreme marine heatwave in the EBS and
GOA in 2016.

Climate change may also increase the intensity and size of storms in the North
Pacific. Increases in tropical cyclone intensity with global warming have been
confirmed from both historical data studies and theory. Future projections indicate
fewer but intensified typhoons in the North Pacific with maximum wind speeds higher
than 80 m/s (Tsuboki et al., 2015).

A large harmful algal bloom (HAB) event in the Northeast Pacific during the
2015/2016 period may have contributed to coast-wide mortality of fish, bird, and
marine mammal species and caused a prolonged closure of the Dungeness crab
(Metacarcinus magister) fishery along the entire west coast of the United States of
America. Projection of HABs in the Northeast Pacific is an active area of research but

* HistoricalNat - representing historical conditions without anthropogenic influence (Oliver et al., 2018).
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studies indicate HAB outbreaks may be linked to climate-scale warm ocean conditions
(McKibben et al., 2017).

6.3 CLIMATE CHANGE EFFECTS ON STOCKS SUSTAINING THE MAIN
FISHERIES

6.3.1 Changes in biomass and condition

Changes in ocean temperature can have direct impacts on fish metabolic demands,
distribution, and growth. Following the anomalously warm conditions in the GOA
and EBS during 2014 to 2016, below average fish condition (i.e. lighter fish for a given
size) were observed for multiple groundfish species including pollock and Pacific cod
(Zador and Siddon, 2016) as well as Chinook salmon (Daly, Brodeur and Auth, 2017).
Increased metabolic demand can also intensify predation and lead to high mortality
rates of adult and juvenile fish. Increased predation during warm years may partially
explain low recruitment and increased juvenile mortality of pollock in the EBS (Mueter
et al., 2011; Spencer et al., 2016) and reduced marine survival for Chinook salmon in
the Northeast Pacific (Holsman et al., 2012). Thermal stress associated with a recent
marine heatwave in the central and western Pacific may have contributed to mortality
and starvation of adult Pacific cod in the GOA and a subsequent large reduction in
the GOA Pacific cod biomass and recommended harvest (approximately 80 percent
decline from 2015 to 2017; Barbeaux et al., 2017). While Pacific cod declined in the
GOA, the biomass of Pacific Ocean perch (Sebastes alutus) and sablefish (Anoplopoma
fimbria) remained stable or increased (NPFMC, 2017). During the same period, the
EBS also experienced the warmest conditions on record. Yet, while warm conditions in
Southern EBS may have contributed to reduced biomass and low recruitment of EBS
populations of Pacific cod (NPFMC, 2017), cold water in the Northern EBS may have
provided a bioenergetic and foraging refuge that mitigated impacts on juvenile pollock
(Duffy-Anderson et al., 2017). These disparate patterns indicate that species responses
to sudden and persistent warm conditions may be species-specific and mediated by
changes in food web dynamics and access to thermal refugia.

In the Central and Western Pacific, the impact of warming ocean temperatures on
coral reefs may be widespread and significant. Thermal stress contributed to coral
bleaching events in 2016 that impacted a large proportion of reefs and dependent fish
communities in the Central and Western Pacific, and may be indicative of expected
change and biological response over the next century (van Hooidonk et al., 2016;
Kayanne, 2017).

Warming conditions may also present novel opportunities, especially in northern
regions. Anomalously warm summer SSTs in the Chukchi Sea in 2007 were associated
with high abundances of juvenile pink and chum salmon in the area (Eisner ez al.,
2013). These salmon returned as adults to coastal regions in relatively high numbers
during 2008 (pink salmon) and 2009/2010 (chum salmon) as reported by subsistence
users in coastal communities. The loss of ice and a longer ice free season may bring
opportunities for new development and increased shipping activity in the Arctic,
but also imply increased risks to fish populations, to the broader ecosystem, and to
subsistence users and commercial fisheries from disturbance to species, interruption
of hunting and fishing access, accidental oil spills, contaminants, and other impacts

(IPCC, 2014).

6.3.2 Shifting fish and shellfish distributions

In response to warming conditions, fish may move to reduce thermal stress, escape
increased predation, or follow shifting prey resources. Shifting distributions may be
more apparent in the Northeast Pacific than the Northwest Pacific because latitudinal
SST gradients are steeper in the Northwest Pacific at the convergence of the subtropical
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and subarctic WBCs. Therefore, while warming may manifest in the WBCs, latitudinal
shifts of marine biota in the Northwest Pacific may be difficult to detect (Masuda, 2008).

In contrast, the stretch of continuous coastline in the Northeast Pacific from the
cold waters of the EBS and GOA to the warm waters of the Baja Peninsula represents
a migration corridor where some of the earliest evidence of climate-induced range-
shifts in the region may emerge. Northward shifts are anticipated for many southern
species. Indeed, temperature-correlated shifts in distribution are evident in the EBS
(Pinsky et al., 2013; Poloczanska et al., 2013), but are often confounded by changes in
size composition and abundance (Barbeaux and Hollowed, 2018; Thorson, Ianelli and
Kotwicki, 2017). Anomalously warm conditions across the Northeast Pacific in recent
years (2014 to 2017) were associated with shifts in fish and shellfish distributions,
including large declines in Pacific cod in the GOA and southern EBS and concomitant
increases in survey catch per unit effort of Pacific cod, blue king crab (Paralithodes
platypus) and walleye pollock in the Northern Bering Sea (Siddon and Zador, 2017).
Further south, the 2014 to 2016 warming had strong negative effects on anadromous
species such as Pacific salmon, yet had positive effects on the southern California
sportfish community by bringing new predatory fish into the region. While shifting
distributions are apparent and increasingly documented, the degree to which shifts
are the direct result of climate-driven changes versus cumulative outcomes of fishing
pressure, changes in prey resources, autocorrelated demographic patterns, or other
unmeasured habitat features remains an active area of research (Thorson, Ianelli and
Kotwicki, 2017).

Significant changes in fish and shellfish distributions are projected for the entire
North Pacific region, with regional differences expected (Pinsky ez al., 2013). In the
Northeast Pacific, pelagic marine communities are projected to shift poleward at a rate
of approximately 30 km/decade (Cheung et al., 2015), which would result in range
expansions into the northern EBS, and range contractions in the Aleutian Islands and
California Current ecosystems. It is important to note however that these projections
do not account for demographic effects that influence realized distributions (see
Barbeaux and Hollowed, 2018; Thorson, Ianelli and Kotwicki, 2017). Climate change
may also impact the distributional ranges of fish species in the Yangtze River and
Yellow River estuaries (Shan et al, 2016). Bioclimatic envelope model projections
based on the Geophysical Fluid Dynamics Laboratory projections of global water
temperatures under low, moderate, and high CO, scenarios (RCP2.6, RCP6.0
and RCP8.5, respectively) suggested increases in fish abundance and distribution
(particularly for demersal fish) under high CO, scenarios (but without considering
fishing and other human activities). Projections include a shift in abundance from
the northern Yangtze River estuary in 2030 to southern waters by 2050, and a more
uniform offshore distribution with the centre of abundance mainly around Chongming
Island coastal waters. For the Yellow River estuary, projected abundance was highest
outside of the estuary, and lower in Laizhou Bay and coastal waters of the Yellow
River estuary (Shan et al., 2016).

In addition to latitudinal shifts in distribution, many species are projected to
move into deeper cooler water as conditions warm. Indeed species moved deeper and
northward in response to the marine heatwave of 2015/2016, although depth and age-
specific metabolic constraints may limit realized patterns of groundfish redistribution
within each region (Deutsch et al., 2015; Rutterford et al., 2015). The realized extent of
depth redistributions will likely be shaped by oxygen conditions, which are projected
to decline at depth for many areas in the North Pacific and may limit species to
shallower habitats (Deutsch ez al., 2015). Current envelope models that do not include
ontogeny or other constraints such as oxygen and pH may underestimate the impact
of climate-driven changes as the scope for behavioural adaptation may be less than
expected because of age-specific physiological limitations.
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6.3.3 Changes in phenology and mismatch
Changes in ocean circulation in combination with changes in food availability and
predator distributions may increase the probability of spatial mismatch of species
with habitats and prey resources and reduce juvenile recruitment and survival. This
may be the case for crab species such as the Bristol Bay red king crab (Paralithodes
camtschaticus), which are expected to decrease under climate change based on
observations of low recruitment in warmer conditions, transport of larvae beyond
their prime habitats in warmer years with more on-shelf transport, and poor feeding
conditions for crab larvae during early ice melt years (Zheng and Kruse, 2006). Spatial
mismatch during warm years has also been observed for juvenile walleye pollock
and their key prey in the Bering Sea (Siddon er al, 2013). Changes to upwelling
dynamics in marine nearshore environments as well as alteration of freshwater flow
and differential rates of warming between natal streams and marine environments
could result in changes to outmigration timing of juvenile Northeast Pacific salmon
and potential phenological mismatch with marine prey and predator refuge during a
critical early-marine population bottleneck (Bakun ez al., 2015; Holsman er al., 2012).
Mismatch under climate change may particularly impact species with narrow
bioclimatic envelopes (e.g. width of the timing interval in which individuals must
enter the breeding habitat), those where the relative rate of change within a bioclimatic
envelope exceeds the inherent phenological plasticity of the species, and migratory
species whose timing is cued by photoperiods or other non-temperature cues
(Anderson et al., 2013). In these cases, population size might not be a reliable indicator
of sensitivity, rather variability in average individual condition across years may be a
better indicator of extinction risk under climate change (Anderson er al., 2013).

6.3.4 Ocean acidification impacts

One of the potentially significant, yet uncertain, impacts of climate change on
marine ecosystems in the North Pacific is ocean acidification. The Northeast Pacific
region naturally has low pH waters near the surface, and may be more vulnerable to
acidification than other regions. Shellfish resources are probably most sensitive (Haigh
et al., 2015), especially juvenile stages of shell-forming species like red king crab (Long
et al., 2013).

Fish-killing algae such as Heterosigma akashiwo may gain a competitive advantage
under ocean acidification, causing blooms to be more frequent and threatening the
commercial British Columbia salmon fishery (Haigh ez al., 2015). Ocean acidification
also negatively affects some ecologically important components of the food web, in
particular shelled planktonic organisms such as pteropods (Bednar$ek er al., 2012),
which can serve as important prey for fish (Armstrong er al, 2008). However,
pteropods may be more resilient than previously believed (Peck et al, 2018) and the
food web effects of such impacts are highly uncertain. Although ocean acidification has
been shown to affect the growth, survival, sensory abilities and behaviour of some fish
species, studies of walleye pollock and Pacific cod did not find direct effects on growth
or survival (e.g. Hurst, Fernandez and Mathis, 2013).

6.3.5 Cumulative climate-driven impacts

Projected changes in ocean circulation and upwelling in the Northeast Pacific CCS
may have significant ecosystem impacts, as evidenced by the pan-trophic ecosystem
disruption observed in the CCS in 2005 as a result of delayed upwelling (Barth ez al.,
2007). Along the eastern boundary of the North Pacific, a warming of the upper ocean
could lead to an increase in water column stratification and increased probability of low
oxygen conditions in the CCS. Ecosystem impacts of deoxygenation may include more
frequent mortality events, particularly for benthic organisms, habitat compression,
distributional shifts, and reduced species diversity (Keller et al, 2015). Impacts from
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declining oxygen levels will be exacerbated by ocean acidification, especially in the
Northeast Pacific, where upwelling of “corrosive”, low pH waters frequently occurs
(Ekstrom er al., 2015; Feely et al., 2008). A modelling study by Kaplan et al (2010)
estimated a 20 percent to 80 percent decline in the abundance of some commercially
valuable West Coast groundfish as a result of ocean acidification, primarily because of
the loss of shellfish prey.

The ability for species to adapt and respond to changing conditions will be governed
by the compound constraints posed by multiple pressures and stressors as well as the
physiological tolerance and genetic plasticity of individuals. Small populations that
have been bottlenecked or genetically homogenized are more susceptible to stressors.
Hatchery raised Pacific salmon lack genetic diversity, and spawning with wild
populations can reduce a population’s genetic fitness and ability to cope with stressors
such as increased temperature. Genomic scans have been used to identify the genetic
architecture of disease resistance, particularly in Pacific salmon (Miller ez al., 2014) and
have illustrated a genetic basis for species” intolerance to disease.

Ecosystem health and productivity may also be impacted by climate change.
Shan, Chen, and Jin (2017) evaluated future fishery ecosystem health (based on
environmental conditions, fishery community structure, and ecosystem function and
service) of the Yangtze River and Yellow River estuaries and found that ecosystem
health indices gradually decreased with increasing greenhouse gas emission levels. By
2050, ecosystem health indices were roughly three times higher in highly mitigated
CO, scenarios (RCP2.6) than unmitigated CO, scenarios (RCP8.5).

6.4 IMPLICATIONS FOR FOOD SECURITY, LIVELIHOODS AND ECONOMIC
DEVELOPMENT

6.4.1 Fishing and post-harvesting operations

Changes in the location of fish resources could impact fishery access and cost,
especially for small vessel and shore-based fisheries that may not be able to track
climate-driven changes in species distributions and centroids of biomass. In Canada’s
Pacific waters, biological impacts from climate change, such as ecosystem and fisheries
degradation and damage, changes in biological resources, and species reorganization
and displacement, have been proposed as the greatest risks to the region (DFO, 2013).
Shifting distributions of some important fish species may especially pose a challenge to
shore-based fisheries where harvest allocations are tied to central ports and fisheries are
limited in their capacity to follow fish redistributions (Pinsky and Fogarty, 2012). For
example, in Alaska some commercial fish and crab species may expand summer feeding
migrations into the northern Bering Sea and Chukchi Seas. However, the shallow
shelves of the Arctic will continue to cool to near-freezing for extended periods each
winter, potentially excluding most boreal species from the region and limiting the
establishment of new spawning areas for southern species (Hollowed et al., 2013).
Moreover, northward expansion of the commercial fishery, and the establishment of
new fisheries, are limited in the northern Bering Sea and are prohibited in the United
States of America portions of the Chukchi Sea and Beaufort Sea by existing national
laws and in the central Arctic Ocean under an international agreement. Fishing in these
areas is presently composed of limited non-trawl commercial fisheries and subsistence
harvest of salmon and other fish species in addition to hunting activities, which have
been disrupted by changes in ice extent and thickness (Fall er al., 2013; Huntington
et al., 2013). Northward movement of fish populations in combination with loss of
sea ice may increase trip time and fuel cost for shore-based commercial vessels (which
are presently based in the southern EBS) and reduce access to commercial fishery
resources (as fish move into fishery closure areas).
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In addition to temperature, changes in ocean circulation and primary production
may alter fish distributions. For example, projected expansion of the North Pacific
Transition Zone may result in further distance travelled for fisheries from the
Hawaiian islands, and redistribution of species richness and carrying capacity for
marine taxa (Hazen et al., 2012; Woodworth-Jefcoats, Polovina and Drazen, 2017).
Similarly, in the Northwest Pacific the path of the subarctic Oyashio recently shifted
northeastward (Kuroda and Yokouchi, 2017) shifting fishing grounds of Pacific saury
to the northwest and across transboundary lines, presenting a significant problem
for small fisheries which do not have rights to cross the international border and are
limited in their ability to travel to distant fishing grounds.

Ocean acidification may directly impact shellfish fisheries. Projections that account
for the effects of anticipated changes in ocean pH on red king crab larval survival (and
assume no acclimation to acidic waters) suggest substantial declines in the harvestable
biomass in coming decades (Punt et al., 2014). The welfare loss of ocean acidification
on one major red king crab stock (Bristol Bay) to Alaska households has been
estimated at USD 500 million to USD 1 billion over the period from 2010 to the end
of this century but may be underestimated because the authors only included effects
on juvenile stages (Seung et al., 2015). Ocean acidification also affects the hatching
success and larval growth and survival of Tanner crab (Chionoecetes bairdi) in Alaska
and projections that account for these effects suggest a more than 50 percent reduction
in catch potential and profits within 20 years (Punt ez al., 2016).

Shifting prey resources and conditions can also impact the quality and value of
harvested fish. Low fish condition and quality was reported for EBS pollock in 2016,
where water temperature was the highest on record, and may have contributed to
adult Pacific cod mortality in the GOA (Barbeaux et al., 2017). Warm conditions in
2014/2015 were also associated with poor Chinook salmon condition and size (Daly,
Brodeur and Auth, 2017). Similarly, in the Northwest Pacific, saury size is decreasing
and future projections indicate further northward shift in distribution and continued
reduction of the size of fish (Ito et al., 2013). Since the price of fish strongly depends
on fish size and quality, these impacts are serious concerns for fishers.

6.4.2 Communities and livelihoods, and wider societal and economic
implications

Differential changes to species productivity and distribution may have disparate
impacts on fisheries sectors and fishing communities. For example, commercial
groundfish fleets in Alaska can generally be characterized as either catcher vessels,
which deliver harvest to shoreside processors and have a large proportion of Alaska-
based boats, or at-sea catcher processors that sell processed product directly to first-
wholesale market and whose fleet and crew is largely based more than 2 000 km south
in Seattle, Washington (Fissel er al, 2017). In the Bering Sea, on average roughly
59 percent of groundfish landings are retained by catcher processors, while in the GOA
86 percent of landings are retained by smaller shore-based catcher vessels. Because
of their dependence on discrete processing sites, reduced trip distances, and smaller
vessel size, catcher vessels may be less able to adapt to shifting species distributions or
increased variability in catch. Salmon harvest similarly is largely conducted by smaller
vessels and local fleets out of numerous coastal Alaskan communities, which support
the largest salmon fishery for Pacific salmonids. In contrast, larger catcher processors
may be able to follow shifting groundfish distributions, and therefore reduce impacts
on the Seattle-based fleet.

In addition to tracking changes in fish distributions, fishers that participate in more
than one fishery (commonplace in the Northeast Pacific) can adapt to climate-driven
change by redistributing effort between different fisheries (Fuller er al., 2017). Such
“fisheries connectivity” can help buffer fishing communities from large-scale changes,
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so long as central key fisheries remain intact. At the same time, changes to a core fish
species (e.g. Dungeness crab in the CCS) can have widespread indirect impacts on
connected fisheries. Fuller e al. (2017) evaluated fisheries connectivity across ports in
the CCS and found that ports such as Santa Barbara (United States of America), which
have high diversification across fisheries, are likely most resilient to change despite a
high reliance on a central fishery (squid). CCS fisheries are typically generalists and
therefore more resilient to sudden change given current fisheries structure. Fishing
communities with less diversification may be most vulnerable, as climate-driven loss in
individual fisheries could reduce the adaptive capacity of fishers and increase sensitivity
to future perturbations (Fuller ez al., 2017).

Climate-driven changes in the abundance and distribution of resources impact
subsistence harvest success and access and may shape long-term trends for indigenous
communities in Alaska. While commercial harvest is currently prohibited in the
Northern Bering, Beaufort, and Chukchi seas, subsistence harvest is essential
to sustaining indigenous communities in the area (Fall ez al, 2013; Haynie and
Huntington, 2016; Moerlein and Carothers, 2012). In particular, subsistence harvest
in the Northern Bering Sea is influenced by social and ecological conditions that
impact the cost of fuel, interactions with and participation in commercial fisheries, the
duration and predictability of storms, sea ice extent and thickness, and the location of
resources (Fall er al., 2013). Historically, communities have adapted to climate-driven
changes, but increasing uncertainty facing local communities in Alaska will shape
future adaptation (Fall ez al., 2013; Moerlein and Carothers, 2012). Indigenous and
First Nations communities throughout the Northeast Pacific and Pacific Arctic are
disproportionately at risk to climate-change because of their high reliance on shore-
based subsistence and commercial fisheries within traditional territories.

6.4.3 Consequences for fisheries management
Rapid changes in abundance and distribution of fish within a region may impact the
ability to assess and manage resources effectively. Fish may move out of survey areas,
impacting estimates of abundance and size composition. Climate-driven changes may
impact fisheries connectivity and the ability for fishing communities to adjust to rapid
change (Fuller er al., 2017). Novel fishery opportunities may emerge that will require
rapid development of new fishery management plans. Similarly, new transboundary
agreements may need to be developed to help co-manage stocks that shift distributions
in response to changing conditions. International coordination on surveys, and joint
assessment efforts, like those used presently to manage Pacific halibut and Pacific
hake in the Northeast Pacific, may be needed for other mobile fish and crab species.
Finally, shifting distributions and changes in abundance may lead to new “choke” fish
species (i.e. those with low quotas that are caught as bycatch and limit other fisheries),
presenting the need for rapid evaluation of bycatch hotspots, avoidance methods,
and technologies to avoid incidental capture. Continued development of ecological
forecasting methods, in combination with support for in-season monitoring and
regulation (like that used by the groundfish fleets in Alaska to reduce salmon bycatch),
is needed to minimize climate impacts on fish species and avoid sudden fishery closures.
Shifting conditions and species phenologies can have direct and indirect effects on
fish and fisheries that may be difficult to anticipate but may present novel challenges
for fisheries management. For example, entanglements of baleen whales in the CCS
reached recorded high numbers in 2015 and 2016 as a result of the combined effects
of recovery of humpback whale populations, environmental shifts in distribution
of whales, and environmental changes in fishing effort (NMFS, 2017b). The marine
heatwave from 2014 to 2016 increased densities of forage fish near-shore, which
resulted in a similar shift in foraging humpback whales. At the same time, a large HAB
and elevated domoic acid (neurotoxin) levels in invertebrates resulted in a later start
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date for the Dungeness crab fishery. A higher fishery effort (compensating for the
delayed start of the fishery), combined with the distributional shift in foraging whales,
resulted in greater overlap and risk of whale entanglement. As anomalous warm-
water events are predicted to increase in the future (Di Lorenzo and Mantua, 2016),
unforeseen overlap between protected species and fisheries may create new conflicts,
requiring proactive and adaptive approaches to fisheries management.

6.5 VULNERABILITY AND OPPORTUNITIES FOR THE MAIN FISHERIES AND
THOSE DEPENDENT ON THEM

Through the highly productive capture fisheries of the region, the North Pacific
represents a significant source of provisioning resources for global marine protein.
Regional fisheries are also highly integral to the economic and cultural identity of
dependent communities and nations in the North Pacific and Pacific Arctic. Multiple
climate-driven interacting changes are anticipated for the North Pacific, with outcomes
that remain uncertain but may be significant relative to historical conditions. In
an updated analysis on the national vulnerability to the impacts of climate change
on marine fisheries, which included assessment of aggregate indices for exposure,
sensitivity and adaptive capacity, Blasiak et al. (2017) ranked China 8th, the Russian
Federation 48th, Canada 54th, South Korea 129th, Japan 137th, and the United
States of America 142nd out of the 147 countries they examined. As an example of
vulnerabilities in Canada, Weatherdon et al. (2016) conducted a study of the potential
impacts of climate change to the coastal First Nations of western Canada and found
that climate change is likely to reduce the availability of marine species that are of
nutritional, cultural and economic importance, possibly by up to 49 percent for Pacific
herring, with estimates of annual losses between CAD 6 million and CAD 12 million
(equal to approximately USD 4.7 million—USD 9.3 million at the time of writing). In
addition, the availability of salmon for harvest is predicted to decrease by 17 percent
to 29 percent. They concluded that First Nations’ territories along the northern and
central coasts of British Columbia, Canada, will likely experience less severe declines
than communities in southern British Columbia. Similarly, Hunter et al. (2014)
examined the sensitivity of Canada’s Pacific fish stocks to climate change based on
assumptions that 1) more productive species will be more resilient; 2) species with
higher dispersal ability will be more resilient; and 3) species that do not rely on seasonal
environmental cues or multiple habitats for key phases of their life cycle will be more
resilient. They concluded that the most sensitive species are elasmobranchs, whereas
the least sensitive are flatfishes.

6.6 RESPONSES AND ADAPTATION

Managing resources in a changing environment requires a balance between the trade-
offs and benefits of multiple, competing objectives which requires flexible governance
and management (King, McFarlane and Punt, 2014). An analysis of the adaption of the
Canadian commercial fishing sector to climate change, as governed by institutional
processes and practices, notes that even economically important fisheries within a
region vary in their adaptive advantages because of differences in governance regimes.
For example, the crab trap fishery was assessed as low—moderate in adaptability as
a result of current governance attributes (e.g. allocation agreements) that may act as
barriers if the cyclical population dynamics change under climate change. Conversely,
the Pacific halibut fishery was assessed as highly adaptive since there are advanced
governance arrangements and management attributes that enable adaptation to shifts
in productivity. Similarly, in the United States of America recent national and regional
strategic initiatives have been aimed at supporting climate-ready fisheries management
(Busch et al., 2016; Sigler er al., 2016a) and vulnerability assessments have highlighted
vulnerable species and fishing communities (Colburn ez al., 2016; Hare er al., 2016;
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Himes-Cornell ez al., 2016). Highly adaptive fisheries often require governance regimes
that include fishery-governance cooperation, stakeholder involvement, and resource
co-management; high monitoring and enforcement capacity; compliance with effort,
area and time restrictions; complex multi-sectoral fisheries allocation processes and
international fisheries governance negotiations; sophisticated stock assessments and
harvest control rules that increasingly include management advice for environmental
effects; adoption of climate-sensitive policies and timely fisheries management review
(Busch et al., 2016).

Measures to promote resilience of fisheries under climate change might include:

* Continued development of climate-informed management tools that include
flexibility for allocations, ability to switch quota between species, new fisheries
management plans, increased foresight into population changes and fishery
closures, adjustable rebuilding plans, and re-evaluation of closure areas. Such
changes also require pre-specified criteria for when to adjust targets in order to
reduce the risk of ratcheting targets that amplify declines.

e Evaluation of climate-informed management tools through climate-driven
management strategy evaluations and ecosystem risk assessments should be used
to help ensure climate-ready fisheries management (Holsman et al., 2017).

* Increased innovation to help reduce bycatch, for example through predictive
ecological forecasts of conditions and species distributions, flexibility in bycatch
allocation measures, and novel incentive structures for reducing bycatch.

e Continued evaluation and conservation of existing and emergent critical
habitats, migration corridors, and spawning areas, including considerations of
dynamic and adaptive closures.

e Incorporation of projections into business models and enhanced infrastructure
to scope new shore-based processors in the Northern Bering Sea.

* Increased ability for local communities to adapt through co-management and
updating subsistence permits to include species that are resilient to and favoured
by changing conditions. Increased communication with local communities
to improve observations of change and predictions of impacts (through local
ecological knowledge) and facilitation of local adaptive policies identified by tribal
councils and co-managers and regional governing bodies.

* Continued reduction of cumulative impacts on ecosystems and fishing
communities through policies aimed at increasing ecosystem productivity,
fisheries connectivity and diversity, improved community resilience, and increased
efficiency to reduce economic burden and cost of fishery harvest.

e Distribution of carbon taxing to improve local and individual adaptation
policies.

Negative changes in fish production and extreme events are likely to impact coastal
communities with high dependence on individual fishery resources, but such impacts
are strongly shaped by the flexibility of fishers and hunters to adjust to changing
conditions (Fuller et al., 2017; Haynie and Huntington, 2016) and their ability to utilize
novel or expanding species. Marine and fisheries management should therefore include
policies that increase flexibility, consider fishery connectivity, and remove roadblocks
to adaptation, while incentivizing long-term ecological sustainability. For example,
Japanese-type management, “resource management by the resource users themselves”
is one approach to increase flexibility (Makino, 2017). While increasing flexibility
may seem apparent, it is not always intuitively clear, as unintended outcomes can
arise from different polices. For example, rights-based programmes (e.g. quotas) have
been advocated as a method to increase sustainability under climate change (Costello
et al., 2016), yet can also yield unintended outcomes that may reduce climate change
resilience. For example, federal management of Alaska commercial fisheries includes
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a series of ecosystem-based management approaches, closure areas, and catch share
programmes (which represent 75 percent of groundfish landings) aimed at promoting
ecological sustainability and economic benefits (NMFS, 2017a; Stram and Evans,
2009). While such programmes increase long-term investment in a given target species,
they tend to lead to reduced diversification in fisheries over time through investment,
specialization, and management restrictions that reduce switching between target
species. This can lead to increased dependency and reduced flexibility for fishers, and
potentially increased vulnerability to collapse under future climate change and extreme
events (Kasperski and Holland, 2013). The effectiveness of various management
approaches also depends on future socio-economic conditions that can influence
resources and support for fisheries science and environmental data. Indeed, the
optimal mix of fisheries management may include multiple integrated layers of policies
that promote diversification and flexibility at multiple scales, enhance management
responsiveness, and incentivize stewardship and self-regulation.
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KEY MESSAGES

® Fisheries in the Mediterranean and Black Sea are multi-specific and multi-fleet,

with small pelagic species the most important in terms of landings and small-scale
fisheries (SSF) the dominant fleet. Current high rates of overfishing will affect
their capacity to cope with climate change impacts.

Surface warming, increasing heatwaves and a decrease in precipitation are very
likely over the Mediterranean, with changes in circulation, sea level rise and
winter weather regionally likely. In the Black Sea, surface warming, changes in
thermohaline structure, sea level rise and extreme weather events are likely.
Meridionalization (occurrence of warm water species in northern regions) and
tropicalization (expansion of non-native tropical species) in the Mediterranean,
and Mediterranization (spreading of Mediterranean species) in the Black Sea, are
strengthened by warming and will have positive and negative impacts on fisheries.

* Longitudinal gradients in the rate of warming and changes in primary production

are likely and result in an expected increase in fish diversity in the Eastern
Mediterranean and decrease in the Western Mediterranean. In the Black Sea,
projections show an increase in primary production in the north and a decrease
in the south.

e Changes in primary production and runoff will likely have a negative impact on

the optimum habitats for small pelagic fish in the Mediterranean. In the Black Sea,
changes in anchovy migration, overwintering and schooling behaviour as a result
of warming will negatively affect fisheries in several countries.

® Demersal species will suffer regional impacts associated with the expected changes

in primary production, thermohaline circulation, and the strength of winter
weather. Warming and the expected increase of Atlantic water entering into the
Mediterranean will likely affect migrations and spawning behaviour of large

pelagic fish.

e Fisheries vulnerability to climate change is likely to be higher in south and

southeast developing countries given the higher exposure to warming and arrival
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7.1

of non-indigenous species, and their overall lower adaptive capacity. Lower
vulnerability is expected for the Black Sea, given a lower dependency on fisheries.
New opportunities will emerge in the SSF and related communities, where new
potentially commercial species could increase yields and economic profitability.
The arrival of non-indigenous species will also trigger problems in fisheries based
on native species.

Numerous regional initiatives are aimed at embracing short-term measures to
reverse the current fisheries and ecosystem challenges with medium- and long-
term actions to adapt to climate change impacts. Transboundary research and
management strategies are paramount, particularly for developing countries.
National Adaptation Plans (NAPs) and Nationally Determined Contributions
(NDCs) show, in general, limited references to adaptation measures (AMs) for
fisheries. Few countries envisioned AMs on: monitoring, commercialization
and fish consumption, research on ecological mechanisms and socio-economic
impacts, education, and technical actions on species and habitats.

MAIN FISHERIES OF THE REGION

The Mediterranean and Black Sea fisheries are highly heterogeneous in the number
of species harvested, variety of fleets, complex socio-economic elements and diverse
governance capacities over the riparian countries, which include developed and
developing countries from Europe, Asia and Africa. The dominant fisheries fleet
segment in the Mediterranean and Black Sea regions is the small-scale segment,
consisting of polyvalent vessels (i.e. using more than one type of gear) up to 12 m
length, which makes up 80 percent of the total fleet and employs the highest number of
fishers. In contrast, trawlers land the resources with the highest value and purse seiners
have the highest landings by mass (FAO, 2016a).

30
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FIGURE 7.1
Percentage of landings per species for the five General Fisheries Commission for the
Mediterranean (GFCM) subregions
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1) Western Mediterranean; 2) Adriatic Sea; 3) lonian Sea; 4) Eastern Mediterranean; and 5) Black Sea. ANE - Engraulis encrasicolus;
PIL - Sardina pilchardus; JAX - Trachurus spp; SPR - Sprattus sprattus; SIX - Sardinella spp; SVE - Chamelea gallina; MZZ - Unallocated
osteichthyes; OTH - Other species. Source: FAO (2016).
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Thirteen main species contribute to 65 percent of landings in the region. They
comprise mainly small and medium pelagic fish, with anchovy (Engraulis encrasicolus),
sardine (Sardina pilchardus), horse mackerels (Trachurus spp.) and sprat (Sprattus
sprattus) as the dominant species, accounting for more than 50 percent of the total
landings. Small pelagic fish are particularly important in the Black Sea, Adriatic Sea
and Western Mediterranean subregions (Figure 7.1; FAO, 2016a). The Ionian and
Eastern Mediterranean subregions are, in contrast, dominated by a diverse group of
species, mainly demersal, demonstrating the significance of multispecific, SSF in these
subregions (Figure 7.1).

The total value of landings across the Mediterranean and the Black Sea is estimated
at around USD 3.09 billion and the sector employs a quarter of a million people.
The average landing prices in the Western Mediterranean, Ionian and Adriatic Sea
subregions are at least double those of the Black Sea and Eastern Mediterranean. On
the other hand, fisheries make a more significant economic contribution to the regional
economies in the Eastern Mediterranean (FAQO, 2016a).

The total Mediterranean and Black Sea catches increased from 1970, with a peak
in 1985 to 1988 and since then they have declined by 25 percent and remained almost
constant since the late 1990s (FAO, 2016a). The decline in catches is in part a result
of overfishing, with 62 percent of stocks considered overexploited (FAO, 2016Db).
Regional assessments providing scientific advice to the GFCM estimate even higher
exploitation rates (FAO, 2016a). European hake (Merluccius merluccius) stocks are
among the resources under more intense overfishing, with fishing mortality rates up to
ten times higher than the optimal target (FAO, 2016a; STECF, 2017).

7.2 OBSERVED AND PROJECTED IMPACTS OF CLIMATE CHANGE ON
MARINE ENVIRONMENT

In general, simulations providing climate change projections used in this report are

based on Mediterranean and Black Sea regional models. Global models do not properly

reproduce temporal and spatial variation of oceanographic variables at the scales of

these marginal seas, and therefore their predictions are considered less reliable than the

higher resolution regional models.

7.2.1 Physical and chemical

The most frequently reported evidence of climate change impacts of relevance for
Mediterranean fisheries are the observed and very likely progressive decrease in
precipitation, water warming and salinity increase from surface to the deep water masses,
increased intensity and frequency of heat extreme events (heatwaves) and changes in
stratification (e.g. Adloff et al, 2015). The climate change impacts on the Black Sea
comprise the likely warming of surface waters, changes in vertical thermohaline structure
and increased frequency of extreme weather events, especially extreme precipitation
events (e.g. Hills, Schoen and Nadcrinicinii, 2013; Miladinova et al., 2017).
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FIGURE 7.2
Top - horizontal distribution of satellite-derived SST annual linear trends
(°C/yr) over the period 1985 to 2008.
Bottom — minimum values of the anomalies obtained from the composite forecast
(out of the six scenario simulations) of sea surface temperature for the 2070 to 2099 period
(vs. 1961 to 1990). Units are in °C
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Source: Top map, adapted from Skliris et al., 2012; Bottom map: adapted from Adloff et al., 2015.

Recent warming of the Mediterranean Sea (from the early 1990s) results from the
combination of natural climate variability (Atlantic Multidecadal Oscillation) and
climate change (Macias, Garcia-Gorriz and Stips, 2013), with a resulting stronger trend
in the Eastern Mediterranean from the early 1990s (Figure 7.2a; Skliris er al, 2012).
The available estimates of future surface warming in the Mediterranean range from
+1.73 °C to +2.97 °C in 2070 to 2099 in respect to 1961 to 1990 (Figure 7.2b; Adloff
et al., 2015) while surface salinity anomalies are forecast to increase from +0.48 to 0.89
over the same period. The frequency of heatwaves is expected to increase from about
two days per year in the past century to about 6 to 24 days per year in 2021 to 2050
(Fischer and Schir, 2010). Over 2100, the Black Sea is also projected to warm, from a
maximum of 2.81 °C per century in summer to a minimum of 0.51 °C per century in
winter (Shaltout and Omsted, 2014), with little spatial variability in the annual trends
(Cannaby et al., 2015). The sea surface salinity is estimated to have shown a gradual
decrease (0.02/year) over the last 50 years (1960 to 2015; Miladinova et al., 2017) while
future projections indicate a possible increase by the end of the century (Cannaby et
al., 2015).

Likely sub-surface density changes are expected to lead to an increase in the water
stratification in the western basin of the Mediterranean Sea and a decrease in the eastern
basin. The Atlantic waters entering the Mediterranean are projected to be likely less
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dense in all simulations (Adloff ez al.,, 2015) and may alter the formation and structure
of stationary fronts and dynamic mesoscale structures of high importance for fisheries
in the Mediterranean (e.g. large pelagic fish; Alvarez-Berastegui er al., 2016). In the
Black Sea, the cold intermediate layer (CIL) is a key feature of the vertical thermohaline
structure, influencing the position of the oxygen/anoxic boundary. Warming results in
erosion of the CIL, both in terms of area covered and the thickness of the layer (Figure
7.3; Cannaby et al., 2015; Miladinova et al., 2017). This affects the exchange of oxygen
across the oxycline and results in a decrease in the depth of the upper suboxic interface,
below which the concentration of hydrogen sulphide increases.

FIGURE 7.3
Maps showing present day (PD, 1980 to 2000) and A1B (2080 to 2100) annual mean CIL
thicknesses, averaged over the entire basin
PD means CIL thickness
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Blank areas indicate an absence of the CIL during part of the year. The A1 scenario family develops into three groups that describe
alternative directions of technological change in the energy system - fossil intensive (A1FI), non-fossil energy sources (A1T), or a balance
across all sources (A1B). Units are metres. Source: Adapted from Cannaby et al., 2015.
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Sea level rise has been increasing during recent decades with rates of 2 to 10 mm year
and 1.5 to 2.5 mm/year for the Mediterranean and Black Sea respectively (Gomis ez al.,
2008), with projections supporting a very likely continuation of an increasing trend.
Finally, a decrease in pH (i.e. acidification) in the Mediterranean Sea is considered
likely given the high potential of water masses to sequestrate anthropogenic CO,
and their relatively shorter residence compared to large oceans. Observations and
expectations of an ongoing decrease in pH are in the order of 0.002+0.001 pH units
per year in several locations, with high geographic variability (Lacoue-Labarthe ez al,
2016). In the Black Sea, significant acidification is not expected during this century.

7.2.2 Biological and ecological

A heterogeneous pattern of change in primary production has been observed in the
last decades in the Mediterranean Sea, with some areas showing increasing trends and
others degreasing (Colella ez al., 2016). However, the expected changes in stratification,
the decrease in the strength and frequency of local upwelling events, and the decrease
in precipitation (and run-off) are expected to reduce the overall primary production in
the Mediterranean Sea in the future. With reference to the likely geographic differences
in surface stratification, the western basin will become more oligotrophic in association
with a surface density decrease, while surface production will increase in the eastern
basin linked to a density increase (Macias, Garcia-Gorriz and Stips, 2015; Figure 7.4a).
In the Black Sea, long-term model simulations show an increased retention of
river nutrients within the euphotic zone that could likely exacerbate the impact
of eutrophication (Cannaby et al, 2015). Thus, projections show that net primary
production and phytoplankton biomass could increase by approximately 5 percent but
with high longitudinal variability (Figure 7.4b; Cannaby er al., 2015).

FIGURE 7.4
Top map: mean primary production rate: the ensemble mean of forecast anomalies
(2095 to 2099 minus 2015 to 2019) for simulations run under different IPCC scenarios.
Bottom map: fractional change [(A1B, 2080-2100/PD, 1980 to 2000) - 1]
in net primary production
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The Mediterranean zooplankton community is expected to synchronously change
over the basin along with a likely decline of species richness (Benedetti ez al., 2017).
The proliferation of gelatinous species is one of the main ecological consequences
anticipated, partially attributed to climate change and largely observed in the
Mediterranean (Danovaro, Umani and Pusceddu, 2009). The mass development of
invasive gelatinous plankton in the Black Sea is related to North Atlantic Oscillation
variability that, accompanied with high summer temperatures, established favourable
conditions for outbreaks of invasive ctenophores in the early 1990s (Niermann, 2004).

In higher trophic levels, the main effects reported in the Mediterranean Sea across
all taxa as a result of warming include changes in abundance, survival, growth, fertility/
reproduction, migration and phenology (reviewed by Marba et al, 2015 from 464
studies). Mass mortality events induced by progressive warming and heatwave events
are robustly attributed to climate change from the early 1980s (Lejeusne er al., 2010).
Examples of changes in species distribution and local abundance related to warming
are widespread with two characteristic patterns: meridionalization: the northward
extension, colonization and enhancement of thermophilic species into the colder
north Mediterranean regions (Lloret et al., 2015); and tropicalization: the increasing
introduction and range extension of thermophilic, non-indigenous species, including
Lessepsian species from the Red Sea and from the Indo-Pacific region (more than 900
species reported; Boero er al., 2008). In the Black Sea, a progressive trend of arrival
of Mediterranean species (mediterranization) is also evident, comprising phyto- and
zooplankton, benthic invertebrate and fish species, along with species native to the
Atlantic and Indo-Pacific Oceans (Shiganova and Ozturk, 2010).

Future projections show that regional changes in fish abundance and their
distribution will alter species richness, with an expected increase in overall richness
by the mid-twenty-first century in the Eastern Mediterranean, and a decrease in the
western region (Figure 7.5; Albouy er al, 2013). Similar changes in the community
structure and diversity are predicted at smaller spatial scales (e.g. Gulf of Gabes; Hattab
et al., 2014). A likely decrease in connectivity between neighbouring ecosystems within
the Mediterranean is expected because of a decrease in the size of the spawning areas
and an increase in larval retention on smaller areas of the continental shelf.
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FIGURE 7.5
Top: predicted differences in fish species richness between the baseline scenario (1961 to 1980)
and (2040 to 2059) for the continental shelf of the Mediterranean.

Bottom: temperature anomaly (°C, bars) and mean temperature of the catch (continuous
lines, black dots) for the western, central and eastern regions from 1970 to 2010, calculated
following Cheung et al. (2013) as the average inferred temperature preference of exploited

species weighted by their annual catch
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7.3 EFFECTS OF CLIMATE CHANGE ON STOCKS SUSTAINING THE MAIN
FISHERIES

7.3.1 Distribution, abundance, seasonality, fisheries production

As noted above, small and medium pelagic fish are among the main fisheries resources
in the region. These species are very sensitive to climate change because of their
dependence on surface hydroclimatic conditions affecting primary production.
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Important trends observed over the twenty-first century are a decrease in stocks of
anchovy and sardine (several stocks of both species are currently overfished; FAO,
2016a; STECEF, 2017), the expansion of other thermophilic species (round sardinella —
Sardinella anrita; Sabatés et al., 2006) and the contraction in distribution of cold-water
species (sprat; Lloret et al., 2015). The strong dependence of pelagic species upon river
runoff variability and the very likely decrease in precipitation in the Mediterranean
will have negative implications for pelagic species (Tzanatos et al., 2014). In the Black
Sea, SST is recognized as a key factor, affecting anchovy reproduction and metabolism
and conditioning their migration and schooling behaviour (Guraslan, Fach and Oguz,
2017). The expected high river run-off could impact pelagic species such as whiting
(Merlangus merlangus) and anchovy, possibly favouring reproductive success by
increased productivity (Daskalov, 1999). For some anadromous species, an increase in
water temperature triggers an earlier spawning, as observed for the Danube herring
(Alosa immaculata; Nesterenko et al., 2014). Climate change is also expected to change
food availability and the ecological processes regulating the population dynamics of
species such as sprat (Shulmann et al., 2011).

Phenology and migratory patterns of large pelagic species seasonally entering the
Mediterranean for spawning will likely be impacted by warming, e.g. bluefin tuna
(Thunnus thynnus), in addition to the meridionalization of the migratory behaviour of
resident tuna species, e.g. albacore (Thunnus alalunga) and dolphinfish (Coryphaena
hippurus; Lloret et al., 2015). Projected likely changes in thermohaline circulation,
with the Atlantic water that enters the Mediterranean becoming lighter (Adloff et al.,
2015), is likely to trigger a change in the temporal and spatial dynamics of mesoscale
oceanographic structures (e.g. eddies and fronts), which are key for the reproductive
behaviour of large pelagic fish (Alvarez-Berastegui et al., 2016).

The composition of the demersal communities has changed in the Mediterranean
region in recent decades with a higher contribution of warm-water species (Figure
7.5b; Tsikliras and Stergiou, 2014), which are progressively colonizing northern areas
concomitant with a regression of cold-water species (Lloret ez al., 2015). However,
the high diversity of physical drivers impacting demersal species and the geographic
variation of their effects makes regional projections by climate change models difficult
and hinders the assessment of future directional changes. Regional distributions and
abundances are highly dependent on SST through its influence on early life stage
survival and on primary production (e.g. Puerta er al., 2016). Winter hydroclimatic
processes also shape primary production at subregional scales, impacting fish such
as European hake and blue whiting (Micromesistius poutassou; Martin et al., 2016),
and can also produce cascading episodes in canyons (strong, dense shelf-water flows
to bathyal and abyssal areas) and intense vorticity events that reduce the catchability
of benthic crustaceans such as red shrimp (Aristeus antennatu; Amores et al., 2014).
Bathymetric and geographic distributions are also expected to shift because of the
likely changes in salinity and temperature of intermediate and deep-water masses
(e.g. deep-sea shrimps such as red shrimp or deep-water rose shrimp (Parapenaeuns
longirostris; Colloca et al., 2014). Populations close to river mouths and depending on
runoff are expected to decrease.

The progressive occurrence and establishment of warm-water species (Lloret et al.,
2015) is expected to generate both positive and negative effects on fisheries, especially
on SSF because of their socio-economic and ecological sensitivity. There are numerous
examples, from bluefish (Pomatomus saltatrix) and barracuda (Sphyraena viridensis)
as examples of “meridionalization” in northern Mediterranean areas to mounting
evidence of tropicalization of Indo-Pacific species (Lessepsian migrants) in the Eastern
Mediterranean (Boero et al., 2008), or the extension of the distribution ranges of
Mediterranean species (mediterranization) and detection of non-indigenous species
in the Black Sea. These species compete with native species (e.g. rapa whelk — Rapana
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venosa) or include highly damaging toxic species such as pufferfishes (e.g. silver-
cheeked toadfish — Lagocephalus sceleratus; Unal and Génciioglu Bodur, 2017).

7.3.2 Combined effects with non-climate stressors

A number of non-climate stressors can buffer or strengthen the climate change effects
on fisheries (Hidalgo et al, 2011). Apart from depleting populations (FAO 2016b;
STECE, 2017), overfishing can erode the age and size structure and spatial distribution
of stocks making populations more susceptible to environmental fluctuations.
This is particularly relevant for highly impacted areas and vulnerable species (e.g.
elasmobranchs). Overfishing of top predators and pelagic resources has also been
associated with trophic cascades and ecosystem regime shifts in the Black Sea
(Daskalov et al., 2017).

Pollution is an important threat in both the regions, and occurs in numerous
localized pockets associated with urban areas and/or improper waste treatment. Large
rivers appear as major sources of contamination, while diffuse sources of pollution
may have spatially restricted but constant impacts on coastal areas. Of relevance
for fisheries is the influence of coastal pollution on transition environments such as
lagoons, estuaries, river deltas and wetlands. Rising temperatures may facilitate the
occurrence and distribution of biotoxins (e.g. ciguatoxins, produced by dinoflagellates)
or pathogens such as Vibrio bacteria (Lloret et al., 2016). Noxious phytoplankton
blooms can also deplete oxygen, suffocating and killing fish and benthos. Pollution is
particularly important in the Black Sea, where the ecosystem has undergone different
phases of eutrophication caused by increased input of nutrients, intensive farming and
the use of agrochemicals and phosphate detergents. It is also noteworthy that the Black
Sea and particularly the Mediterranean are hotspots for plastic pollution.

Fisheries, warming and ocean acidification contribute to the disappearance and
modification of fragile and long-lived species that create biogenic structures or seagrass
meadows, which provide important ecosystem services (Jorda, Marba and Duarte, 2012).

7.4 IMPLICATIONS FOR FOOD SECURITY, LIVELIHOODS AND ECONOMIC
DEVELOPMENT

7.4.1 Consequences for fisheries management and fishing activities
The Mediterranean and Black Sea are bordered by developed and developing countries
and this heterogeneity generates difficulties for setting common strategies addressing
cross-border issues. The communal nature of waters and resources distributed across
country boundaries creates a critical need for a regional approach to environmental
protection. There is growing international concern that for migrating, wide-ranging
and sedentary species on specific habitats, international cooperation is of paramount
importance for creating strategic networks that are more efficient than protection of
isolated sites (Hills, Schoen and Nadcrinicinii, 2013). In the Mediterranean and Black
Sea, the GFCM is the regional fisheries organization providing advice for sustainable
exploitation of fish stocks, and is responsible for regional initiatives to cope with
the impacts of climate change on fisheries management (see Section 7.6.1). Given
the expected changes in species distributions and spatial structure of populations,
appropriate adaptive measures, monitoring mechanisms and collaborative research will
have to be adopted at regional level to address the impacts on stocks distributed across
national boundaries. However, the strength of climate change impacts will be affected
by the success of the management strategies adopted in the coming decades in the
Mediterranean and Black Sea to reverse the current overexploitation.

Besides the availability, stability and access to fishing resources, the impact of
climate change on fisheries and post-harvesting also depends on the vulnerability and
adaptive capacity of the highly heterogeneous fishing fleets. Fisheries mainly targeting
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pelagic species (e.g. purse seiners, longlines) are less resilient and can potentially be
affected positively or negatively. For example, in Malta, the total biomass landed and
the generated incomes are expected to increase as a result of the enhanced catches of
large pelagic fish. By contrast, catches by purse seiners dependent on anchovy and
sardine are expected to decline as a result of the negative impacts of low precipitation
and a decrease in primary production. In the Black Sea, the fishing industry is already
threatened by overfishing and pollution, and could be further stressed by the impacts
of a projected increase in water temperatures. The expected impacts limiting migrations
and schooling of anchovy may affect the fisheries sector in Turkey, where this species
forms the bulk of the commercial catch (Erdogan, Duzgunes and Ogut, 2009), while
changes in their overwintering grounds (Guraslan, Fach and Oguz, 2017) could
influence anchovy fisheries in Bulgaria, Romania and Ukraine.

The progressive establishment and colonization of thermophilic species in new
areas and the expected changes in migratory behaviours could create new fishing
opportunities in the whole basin (Lloret er al., 2015). The multi-species nature of
some Mediterranean fleets, particularly demersal and SSF, makes them more adaptable
and therefore more resilient to changes in fish communities. As an example, in the
Gulf of Gabes, the loss of seagrass meadows combined with warming temperatures
contributed to the replacement of commercial species from the bluespotted seabream
(Pagrus caeruleosticus), the speckled shrimp (Metapenaens monoceros) and the brown
comber (Serranus hepatus), to the black goby (Gobius niger), the European hake and
the musky octopus (Eledone moschata) (Hattab er al., 2014). However, such new
market opportunities will depend on the acceptance by consumers of new species
and the degree of adaptability of local markets. Warming could also strengthen the
impact of introduced species, imposing threats to fisheries based on native species.
For example, after the introduction of the Pacific mullet (Planiliza haematocheila)
in the Black Sea, the production of local mullet species decreased as a result of food
competition (Erdogan, Duzgunes and Ogut, 2009), while the invasion of rapa whelk
has led to changes in applied fishing gears.

7.4.2 Communities and livelihoods

The Mediterranean and Black Sea local communities are heavily engaged to SSE
The potential vulnerability of this sector to the effects of climate change needs to
be carefully considered, because of its socio-economic importance and vulnerability.
Given the higher contribution of SSF to local and regional economies in the eastern and
southern Mediterranean countries, these will be the areas of particular concern. Indeed,
the high exposure to climate change (expected warming and increased colonization
of thermophilic species) will have a higher impact on these countries and regions,
with high relative importance of fisheries to their economies and diets, but with more
limited societal capacity to adapt to potential impacts and opportunities. However,
the extent to which the diversity of potential new fish opportunities will buffer the
expected negative impacts is still uncertain (Hattab er al., 2014), as is how traditions
will adapt to new species (e.g. Lessepsian species) as a normal part of the diet (Oztiirk,
2010). In the Black Sea, the southern, southeastern and western coasts have the more
important SSE. Climate-driven changes in the Danube delta ecosystem may threaten
livelihoods of the local communities, with impacts on employment in small cities in
Romania and Ukraine (Nesterenko et al., 2014).

7.4.3 Wider social and economic implications

The sensitivity of different countries to climate change varies according to the
importance of employment in fisheries, economic dependence on the fisheries sector,
and links to food security (Ding et al., 2017). These factors include important elements
such as number of fishers, the contribution of fisheries exports to the total national
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export value, the proportion of the population economically involved in the fishery
sector, and total landings. These factors vary considerably across the Mediterranean
countries. Taking them into account, Morocco, Tunisia and Egypt show moderate
sensitivity because of their nutritional dependence on fish protein (Ding et al,
2017; section below). In the Black Sea region, Turkey is a net exporting country and
marine fisheries production accounts for a large proportion of the total domestic fish
production, which makes this region and its economy more sensitive to climate change
implications for the fisheries sector than other coastal states.

7.5 VULNERABILITY AND OPPORTUNITIES FOR THE MAIN FISHERIES AND
THOSE DEPENDENT ON THEM

No comprehensive evaluation of the vulnerability of fisheries to the effects of climate

change has been carried out in the region until now. Based on the available studies, the

following elements can be highlighted:

e The high heterogeneity in exposure, sensitivity and adaptive capacity over
the Mediterranean is likely to create geographical differences in national
vulnerabilities to climate change impacts on fisheries and food security (Ding
et al., 2017; Karmaoui, 2018). Fisheries in northern (developed) countries of the
Mediterranean are expected to be less vulnerable because of their higher adaptive
capacity, while southern Mediterranean countries are expected to be more
vulnerable as a result of higher exposure and lower capacity to cope with climate
change impacts (Ding et al., 2017). Vulnerability in the Black Sea is expected to
be more homogeneous among countries. In general, lower fisheries dependence
would make Black Sea countries less vulnerable to the effects of climate change on
fisheries (Ding er al., 2017).

e Additional factors may increase the degree of vulnerability in the developing
Mediterranean context that are not included in large-scale, country comparisons
(above), such as remoteness, transboundary issues, geographic dispersion, natural
disasters, the degree of economic openness, the relevance of small internal markets
and a limited or damaged natural resource base (Karmaoui, 2018). In the Black
Sea, the uncertain environment and socio-economic conditions, as well as national
capacity for the efficient management of natural resources, including fisheries, are
among the major challenges.

e Overall, the sectors and the communities more sensitive to the changes in primary
production and river runoff will be particularly affected by climate change. For
instance, the expected higher decrease of primary production in the Western
Mediterranean (Macias, Garcia-Gorriz and Stips, 2013; Figure 7.4) is likely
to increase the vulnerability of fisheries more sensitive to changes in primary
production, such as small pelagic fisheries. In the Black Sea, the projected changes
in net primary production (Figure 7.4; Cannaby et al., 2015) and growing season
length are expected to affect small pelagic fish stocks and related activities, with
possible negative impact in the southern regions. Local communities relying on
the runoff of the most relevant rivers (e.g. Ebro, Nile, Po, Tiber or Danube) are
expected to be impacted by the projected changes.

® Most of the new opportunities and negative impacts for the Mediterranean fisheries
will emerge in the SSF and the related communities, which are highly sensitive and
exposed to the changes in distribution of species and the synergistic effect of the
arrival of non-indigenous species (e.g. Unal and Gonciioglu Bodur, 2017).

e It is not clear whether the diversity of Mediterranean fisheries in terms of species
and fleets can contribute to the adaptive capacities of countries and regions, and
whether they will contribute to promote stable revenues. Given the geographical
differences expected in the Mediterranean fish diversity, special attention should
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be paid to the risk of proposing measures that promote fisheries specificity versus
diversity.

® The strong combination of stressors in addition to fishing (e.g. pollution, habitat
degradation, demographic increase and increase in tourism) in several regions of the
Mediterranean and Black Sea increases their vulnerability and decreases the capacity
for providing effective mitigation and AMs because of the complex interactions
between stressors (Coll et al., 2012; Hills, Schoen and Nadcrinicinii, 2013).

* Major economic effects can result from rising sea level and increasing occurrence
of extreme weather events with substantial impact on river deltas, coastal lakes
and wetlands. There is a risk of flooding of low lying areas, caused by storm
surges and heavy rainfalls, which can be exacerbated by increased coastal erosion.

7.6 RESPONSES AND ADAPTATION MEASURES

Climate change adaptation, as a “process of adjustment in ecological, social, or
economic systems to actual or expected climate and its effects” (IPCC, 2014), can
involve capacity building of individuals and organizations to adapt to changes as well
as implementing adaptation decisions, as defined for example in regional and national
strategies and commitments. Adaptation must be manifested through changes in
institutions, livelihoods or to reduce risks and enhance resilience (Chapter 25). The
text below briefly highlights some of the strategies, commitments and actions that can
enhance the capacity to adapt to climate change in the Mediterranean and the Black Sea
with a focus on institutional changes and the most relevant challenges.

7.6.1 Existing regional initiatives
Among the regional initiatives of relevance to the enhancement of adaptive capacity,
the following can be highlighted:

¢ GFCM mid-term strategy (2017 to 2020) towards the sustainability of
Mediterranean and Black Sea fisheries (Resolution GFCM/40/2016/2"), which
foresees the development of an adaptation strategy to cope with the potential
effects of invasive species and climate change on fisheries.

e The Black Sea Commission Strategic Action Plan (Black Sea Commission, 2009),
which includes climate change and a Memorandum of Understanding with the
GFCM on issues of common interest such as transboundary cooperation on
fisheries.

* Various international cooperation projects?®, including the FAO regional projects
and networks*, which aim at fostering capacity building and cooperation among
Mediterranean and Black Sea countries.

e The UN Environment Mediterranean Action Plan (UNEP/MAP) addresses
issues related to the environmental status of the Mediterranean Sea and has a
specific strategy to address climate change in close collaboration with the GFCM.

® The action plan for the Danube Delta, which develops activities in three countries
(Romania, Ukraine and the Republic of Moldova) to preserve valuable shared
coastal ecosystems and their services (e.g. fisheries) against threats associated with
climate change (Nesterenko et al., 2014).

7.6.2 Climate risks and policy opportunities at national level
NAPs in the EU® show very heterogeneous levels of detail in the measures to be
applied for the fisheries sector, which are often merged with the goals of conservation

http://www.fao.org/gfcm/decisions/en/
https://ec.europa.eu/maritimeaffairs/policy/sea_basins/mediterranean_sea
https://ec.europa.eu/maritimeaffairs/policy/sea_basins/black_sea
http://www.fao.org/gfcm/links/en/
5 http://climate-adapt.eea.europa.eu/countries-regions/countries

v .
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of marine biodiversity. In some cases (e.g. Italy and Greece), NAPs provide a well-
structured and detailed list of measures aligned with the GFCM mid-term strategy
(2017 to 2020)%, including:

e creation of a network of monitoring and databases;

e adaptation to the new fisheries situations: consumer preferences, governance
mechanisms, protection of vulnerable habitats;

® a better understanding of natural and ecological mechanisms of the impact
of climate change (drivers of impact, mapping changes and ecosystems and
populations indicators, vulnerability assessments);

e assessment of the economic impacts of climate change on fishing: fish production
cost, public and private initiatives, diversification of activities, contingency plans,
development of natural disasters risk management plans; and

e development of educational programmes: training, public engagement, fishing
tourism.

For the Southern Mediterranean, at the time of writing, only Palestine had submitted
a NAP’ to the United Nations Framework Convention on Climate Change, which
provides specific AMs on fisheries and other coastal and marine services (e.g. coastal
agriculture and condition of beaches). The measures on fisheries focus on the
enlargement of the fishing area, the improvement of fishing equipment and post-
harvesting operations. On the other hand, Morocco launched the Blue Belt*® as a
collaborative platform to put into practice innovative solutions for the adaptation
of the fisheries and aquaculture sectors to climate change, with actions focused on:
monitoring, ecological certification, vessel safety and increasing the value of fish
captured. In the Black Sea, most of the documents setting guidelines to implement
immediate and long term measures lack information regarding the fisheries sector (e.g.
NAPs of Bulgaria and Romania, and the Climate Doctrine of the Russian Federation).

Among the Mediterranean and Black Sea countries that submitted Intended and
Nationally Determined Contributions (INDCs/NDCs?) only Palestine and Morocco
make reference to measures oriented to the fisheries sector. The Morocco NDC sets
fisheries as a primary sector in the country and outlines a detailed series of adaptation
objectives that include: reduction in the quantity of meal created from fresh fish; the
establishment of observation and monitoring networks; reduction of catches by 2020
and restocking of endangered species; the modernization of fleets; restoring damaged
habitats; increasing the coverage of MPAs, and increasing the volume of commercialized
products by 2030. Based on ongoing vulnerability assessments (FAO, forthcoming) and
research activities supported by regional existing initiatives (Section 7.6.1), there are a
solid basis and broad opportunities to revise and update the NDCs and NAPs of those
countries currently providing limited AMs on fisheries.

7.6.3 Some potential directions on adaptation
The design of climate change adaptation actions in support of the Mediterranean and
Black Sea fisheries must be based on the understanding of the regional priorities with
often contrasting needs at national level. Some potential directions can be noted based
on the situation described here and the general guidelines provided in Chapter 25.
From the institutional and management level, efficient and reliable partnerships
between governments, non-governmental organizations, civil society, private and
public sectors are needed for a holistic climate change adaptation planning and
decision-making. Given the scale, interconnectedness and semi-enclosed nature
of the Mediterranean and Black Sea, regional and cross-boundary cooperation is

¢ http://www.fao.org/gfcm/activities/fisheries/mid-term-strategy/en/
7 http://www#4.unfccc.int/nap/Pages/national-adaptation-plans.aspx

8 http://www.laceinturebleue.org/en/

* http://unfcce.int/focus/items/10240.php
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paramount for addressing some of the ongoing and expected impacts of climate change
on fisheries. Management should take into account the linkages and mechanisms
influencing the system dynamics to protect ecosystem functions and diversity in
the face of climate change. For instance, curbing fishing pressure may not suffice to
recover stocks affected by other anthropogenic drivers. In line with ecosystem-based
management, other measures such as controlling pollution, protecting critical habitats
and biodiversity, as well as the management of the river basins that drain to the sea,
may be essential to enhance the resilience of the fisheries to climate change.

The diversification of the livelihood portfolio will be a pillar in all adaptation plans
that must be carefully considered at national level (i.e. NDCs). Enhanced cross-sectoral
strategies and plans can also facilitate the identification of opportunities for livelihoods
to buffer the impacts of climate change through a broader scope of opportunities.
Considering the Mediterranean and Black Seas’ social and economic characteristics,
these may include aquaculture-related activities, non-fisheries economic activities such
as tourism, or other agricultural and alternative land uses.

Given the likely risks, to a higher or lower degree, for most fisheries-related
activities in the region, risk analyses and the development of strategies based on
disaster risk management (DRM) plans are needed to support the implementation of
several adaptive measures. These measures may include re-adjustments in the insurance
market, improved weather warning systems coupled with improved communication
platforms, improved measures for vessel safety or post-disaster recovery plans
combined with political and economic plans for impact compensation. In addition, the
adoption of DRM strategies may also need direct technical actions that enhance the
resilience of socio-ecological systems. Technical actions could have a direct impact on
the ecosystem such as the construction of hard structures (e.g. sea walls), while others
have less impact on local ecosystem processes while protecting livelihoods such as the
living shorelines approach (e.g. Nile delta; Shelton, 2014), restoration of buffer areas or
appropriate ecological corridors in habitats that have been badly fragmented.

7.7 REFERENCES

Adloff, E, Somot, S., Sevault, F, Jorda, G., Aznar, R., Déqué, M., Herrmann, M. et
al. 2015. Mediterranean Sea response to climate change in an ensemble of twenty first
century scenarios. Climate Dynamics, 45(9-10): 2775-2802. (also available at https://doi.
org/10.1007/s00382-015-2507-3).

Albouy, C., Guilhaumon, E, Leprieur, E, Lasram, EB.R., Somot, S., Aznar, R., Velez,
L., Le Loc’h, E. & Mouillot, D. 2013. Projected climate change and the changing
biogeography of coastal Mediterranean fishes. Journal of Biogeography, 40(3): 534-547.
(also available at https://doi.org/10.1111/jb1.12013).

Alvarez-Berastegui, D., Hidalgo, M., Tugores, M.P., Reglero, P., Aparicio-Gonzélez,
A., Ciannelli, L., Juza, M. et al. 2016. Pelagic seascape ecology for operational fisheries
oceanography: modelling and predicting spawning distribution of Atlantic bluefin tuna
in Western Mediterranean. ICES Journal of Marine Science, 73(7): 1851-1862. (also
available at https://doi.org/10.1093/icesjms/fsw041).

Amores, A., Rueda, L., Monserrat, S., Guijarro, B., Pasqual, C. & Massuti, E. 2014.
Influence of the hydrodynamic conditions on the accessibility of Aristeus antennatus and
other demersal species to the deep water trawl fishery off the Balearic Islands (western
Mediterranean). Journal of Marine Systems, 138: 203-210. (also available at https://doi.
org/10.1016/j.jmarsys.2013.11.014).

Benedetti, F,, Guilhaumon, E, Adloff, E & Ayata, S.D. 2017. Investigating uncertainties
in zooplankton composition shifts under climate change scenarios in the Mediterranean
Sea. Ecography, 41(2): 345-360. (also available at https://doi.org/10.1111/ecog.02434).



154

Impacts of climate change on fisheries and aquaculture

Boero, E, Féral, ].P., Azzurro, E., Cardin, V., Riedel, B., Despalatovic, M., Munda, L. et
al. 2008. Executive summary. In E Briand, ed. Climate warming and related changes in
Mediterranean marine biota. CIESM Workshop Monographs, No.35: 5-21. Monaco,
CIESM. (also available at http://www.ciesm.org/online/monographs/Helgoland.html).

Black Sea Commission. 2009. Strategic action plan for the environmental protection and
rehabilitation of the Black Sea, Adopted in Sophia, Bulgaria, 17 April 2009. Sofia, The
Commission on the Protection of the Black Sea Against Pollution. (also available at
http://www.blacksea-commission.org/_bssap2009.asp).

Cannaby, H., Fach, B., Arkin, S. & Salihoglu, B. 2015. Climatic controls on biophysical
interactions in the Black Sea under present day conditions and a potential future (A1B)
climate scenario. Journal of Marine Systems, 141: 149-166. (also available at https://doi.
org/10.1016/j.jmarsys.2014.08.005).

Cheung, W., Watson, R. & Pauly, D. 2013. Signature of ocean warming in global fisheries
catch. Nature, 497: 365-368.

Colella, S., Falcini, E, Rinaldi, E., Sammartino, M. & Santoleri, R. 2016. Mediterranean
ocean colour chlorophyll trends. PLoS ONE, 11(6): e0155756 [online]. [Cited 9 March
2018]. https://doi.org/10.1371/journal.pone.0155756

Coll, M., Piroddi, C., Albouy, C., Ben Rais Lasram, E, Cheung, W.W.L., Christensen,
V., Karpouzi, V.S. et al. 2012. The Mediterranean Sea under siege: spatial overlap
between marine biodiversity, cumulative threats and marine reserves. Global Ecology
and Biogeography, 21(4): 465-480. (also available at https://doi.org/10.1111/j.1466-
8238.2011.00697 .x).

Colloca, E, Mastrantonio, G., Lasinio, G.]J., Ligas, A. & Sartor, P. 2014. Parapenaeus
longirostris (Lucas, 1846) an early warning indicator species of global warming in the
central Mediterranean Sea. Journal of Marine Systems, 138: 29-39. (also available at
https://doi.org/10.1016/j.jmarsys.2013.10.007).

Danovaro, R., Umani, S.E & Pusceddu, A. 2009. Climate change and the potential
spreading of marine mucilage and microbial pathogens in the Mediterranean Sea. PLoS
ONE, 4(9): e7006 [online]. [Cited 9 March 2018]. https://doi.org/10.1371/journal.
pone.0007006

Daskalov, G. 1999. Relating fish recruitment to stock biomass and physical environment
in the Black Sea using generalized additive models. Fisheries Research, 41(1): 1-23. (also
available at https://doi.org/10.1016/S0165-7836(99)00006-5).

Daskalov, G.M., Boicenko, L., Grishin, A.N., Lazar, L., Mihneva, V., Shlyahov, V.A. &
Zengin, M. 2017. Architecture of collapse: regime shift and recovery in a hierarchically
structured marine ecosystem. Global Change Biology, 23(4): 1486-1498. (also available
at https://doi.org/10.1111/gcb.13508).

Ding, Q., Chen, X., Hilborn, R. & Chen, Y. 2017. Vulnerability to impacts of climate
change on marine fisheries and food security. Marine Policy, 83: 55-61. (also available at
https://doi.org/10.1016/j.marpol.2017.05.011).

Erdogan N., Duzgunes E. & Ogut H. 2009. Black Sea fisheries and climate change.
In F. Briand, ed. Climate forcing and impacts on the Black Sea marine biota. CIESM
Workshop Monographs, No0.39: 113-119. Monaco, CIESM.

FAO. 2016a. The state of Mediterranean and Black Sea fisheries. General Fisheries
Commission for the Mediterranean. Rome. 134 pp. (also available at http://www.fao.
org/3/a-15496e.pdf).

FAO. 2016b. The state of world fisheries and aquaculture 2016. Contributing to food
security and nutrition for all. Rome. 200 pp. (also available at http://www.fao.org/3/a-
15555e.pdf).

FAO. forthcoming. Report of the expert meeting on climate change implications for
Mediterranean and Black Sea fisheries. Rome, 4-6 December 2017. FAO Fisheries and
Aquaculture Circular. Rome.



Chapter 7: Mediterranean Sea and the Black Sea marine fisheries

155

Fischer, EM. & Schir, C. 2010. Consistent geographical patterns of changes in high
impact European heatwaves. Nature Geoscience, 3: 398—403. (also available at https://
doi.org/10.1038/nge0866).

Gonmis, D., Ruiz, S., Sotillo, M.G., Alvarez-Fanjul, E. & Terradas, J. 2008. Low frequency
Mediterranean sea level variability: The contribution of atmospheric pressure and
wind. Global and Planetary Change, 63(2-3): 215-229. (also available at https://doi.
org/10.1016/j.gloplacha.2008.06.005).

Guraslan, C., Fach, B.A. & Oguz, T. 2017. Understanding the impact of environmental
variability on anchovy overwintering migration in the Black Sea and its implications for
the fishing industry. Frontiers in Marine Science, 4: 275 [online]. [Cited 10 March 2018].
https://doi.org/10.3389/fmars.2017.00275

Hattab, T., Albouy, C., Ben Rais Lasram, E, Somot, S., Le Loc’h, E & Leprieur, E 2014.
Towards a better understanding of potential impacts of climate change on marine species
distribution: a multiscale modelling approach. Global Ecology and Biogeography, 23(12):
1417-1429. (also available at https://doi.org/10.1111/geb.12217).

Hidalgo, M., Rouyer, T., Molinero, J.C., Massuti, E., Moranta, J., Guijarro, B. &
Stenseth, N.C. 2011. Synergistic effects of fishing-induced demographic changes and
climate variation on fish population dynamics. Marine Ecology Progress Series, 426: 1-12.
(also available at https://doi.org/10.3354/meps09077).

Hills, J.M., Schoen, G. & Nadcrinicinii, A. 2013. Climate change vulnerability and impact
assessment review for the Black Sea region. Athens, CLIMBIZ — Black Sea Trade and
Investment, Programme, UNDD. 116 pp. (also available at http://www.climbiz.org/files/
scripts/pdf_loader.php?pdf=climbiz_report_2013_5.pdf).

IPCC. 2014. Annex II: Glossary (K.J. Mach, S. Planton and C. von Stechow, eds.). In
Climate change 2014: Synthesis report. Contribution of Working Groups I, II and 111 to
the Fifth Assessment Report on the Intergovernmental Panel on Climate Change. Core
writing team, R.K. Pachauri & L.A. Meyer, eds. Geneva, Intergovernmental Panel on
Climate Change. pp. 117-130. (also available at https://www.ipcc.ch/pdf/assessment-
report/ar5/syr/AR5_SYR_FINAL_Glossary.pdf).

Jorda, G., Marba, N. & Duarte, C.M. 2012. Mediterranean seagrass vulnerable to regional
climate warming. Nature Climate Change, 2(11): 821-824. (also available at https://doi.
org/10.1038/nclimate1533).

Karmaoui, A. 2018. Environmental vulnerability to climate change in Mediterranean
basin: socio-ecological interactions between north and south. 7% Information Resources
Management Association (USA), eds. Hydrology and water resource management:
breakthroughs in research and practice, pp. 61-96. Hershey, PA, IGI Global. (also
available at https://doi.org/10.4018/978-1-5225-3427-3).

Lacoue-Labarthe, T., Nunes, P.A.L.D., Ziveri, P., Cinar, M., Gazeau, F, Hall-Spencer,
J-M.,, Hilmi, N. et al. 2016. Impacts of ocean acidification in a warming Mediterranean
Sea: an overview. Regional Studies in Marine Science, 5: 1-11. (also available at https://
doi.org/10.1016/j.rsma.2015.12.005).

Lejeusne, C., Chevaldonné, P., Pergent-Martini, C., Boudouresque, C.F. & Pérez, T.
2010. Climate change effects on a miniature ocean: the highly diverse, highly impacted
Mediterranean Sea. Trends in Ecology & Evolution, 25(4): 250-260. (also available at
https://doi.org/10.1016/}.tree.2009.10.009).

Lloret, J., Ritz, H.]., Lleonart, J. & Demestre, M. 2016. Challenging the links between
seafood and human health in the context of global change. Jowrnal of the Marine
Biological Association of the United Kingdom, 96(1): 29-42. (also available at https://doi.
org/10.1017/50025315415001988).

Lloret, J., Sabatés, A., Mufioz, M., Demestre, M., Solé, L., Font, T., Casadevall, M., Martin,
P. & Gémez, S. 2015. How a multidisciplinary approach involving ethnoecology, biology
and fisheries can help explain the spatio-temporal changes in marine fish abundance
resulting from climate change. Global Ecology and Biogeography, 24(4): 448—461. (also
available at https://doi.org/10.1111/geb.12276).



156

Impacts of climate change on fisheries and aquaculture

Macias, D.M., Garcia-Gorriz, E. & Stips, A. 2015. Productivity changes in the
Mediterranean Sea for the twenty-first century in response to changes in the regional
atmospheric forcing. Frontiers in Marine Science, 2: 79 [online]. [Cited 11 March 2018].
https://doi.org/10.3389/fmars.2015.00079

Macias, D., Garcia-Gorriz, E. & Stips, A. 2013. Understanding the causes of recent
warming of Mediterranean waters. How much could be attributed to climate change?.
PloS ONE, 8(11): €81591 [online]. [Cited 9 March 2018]. https://doi.org/10.1371/
journal.pone.0081591

Marba, N., Jorda, G., Agusti, S., Girard, C. & Duarte, C.M. 2015. Footprints of climate
change on Mediterranean Sea biota. Frontiers in Marine Science, 2: 56 [online]. [Cited 11
March 2018]. https://doi.org/10.3389/fmars.2015.00056

Martin, P., Maynou, E, Recasens, L. & Sabatés, A. 2016. Cyclic fluctuations of blue
whiting (Micromesistins poutasson) linked to open-sea convection processes in the
northwestern Mediterranean. Fisheries Oceanography, 25(3): 229-240. (also available at
https://doi.org/10.1111/fog.12147).

Miladinova, S., Stips, A., Garcia-Gorriz, E. & Macias Moy, D. 2017. Black Sea thermohaline
properties: long-term trends and variations. Journal of Geophysical Research Oceans,
122, 5624-5644. (also available at https://doi.org/10.1002/2016JC012644).

Nesterenko, M., Dyakov, O., Drumea, D. & Doroftei, M. 2014. Adapting to change.
Climate change adaptation strategy and action plan for Danube Delta region Romania -
Ukraine — Moldova. 62 pp. WWE. (also available at http://d2ouvy59p0dg6k.cloudfront.
net/downloads/danube_delta_climate_adaptation_strategy.pdf).

Niermann, U. 2004. Mnemiopsis leidy:: distribution and effect on the black sea ecosystem
during the first years of invasion in comparison with other gelatinous blooms. In
H.]. Dumont, T.A. Shiganova and U. Niermann, eds. Aguatic invasions in the Black,
Caspian and Mediterranean Seas, pp. 3-31. Dordrecht, Netherlands, Kluwer Academic
Publishers.

Ogztiirk, B. 2010. Status of alien species in the Black and Mediterranean Seas. Studies and
reviews. General Fisheries Commission for the Mediterranean. No. 87. Rome, FAO.
Puerta, P., Hunsicker, ML.E., Hidalgo, M., Reglero, P, Ciannelli, L., Esteban, A.,
Gonzilez, M. & Quetglas, A. 2016. Community—environment interactions explain
octopus—catshark spatial overlap. ICES Journal of Marine Science, 73(7): 1901-1911.

(also available at https://doi.org/10.1093/icesjms/fsw053).

Sabatés, A.N.A., Martin, P, Lloret, J. & Raya, V. 2006. Sea warming and fish distribution:
the case of the small pelagic fish, Sardinella anrita, in the western Mediterranean. Global
Change Biology, 12(11): 2209-2219. (also available at https://doi.org/10.1111/;.1365-
2486.2006.01246.x).

STECF((Scientific, Technicaland Economic Committeefor Fisheries).2017. Mediterranean
assessments 2016 - part 2 (STECF-17-06). Luxembourg, Publications Office of the
European Union; EUR 28359 EN. (also available at https://doi.org/10.2760/015005).

Shaltout, M. & Omstedt, A. 2014. Recent sea surface temperature trends and future
scenarios for the Mediterranean Sea. Oceanologia, 56(3): 411-443. (also available at
https://doi.org/10.5697/0c.56-3.411).

Shelton, C. 2014. Climate change adaptation in fisheries and aquaculture — compilation of
initial examples. FAO Fisheries and Aquaculture Circular No. 1088. Rome, FAO. 34 pp.
(also available at http://www.fao.org/3/a-13569e.pdf).

Shiganova, T. & Ozturk, B. 2010. Trend on increasing Mediterranean species arrival into
the Black Sea. In E Briand, ed. Climate forcing and impacts on the Black Sea marine
biota. CIESM Workshop Monographs, No.39: 75-93. Monaco, CIESM.

Shulman, G.E., Nikolsky, V.N., Yunev, O.A., Yuneva, T.V., Shchepkina, A.M., Bat, L.,
Kideys, A. et al. 2011. Present condition of small pelagic fishes in the Black Sea. Journal
of Applied Biological Sciences, 5(2): 85-87. (also available at http://www.nobel.gen.tr/
yayindetay.aspx?yayin_id=1820).



Chapter 7: Mediterranean Sea and the Black Sea marine fisheries

157

Skliris, N., Sofianos, S., Gkanasos, A., Mantziafou, A., Vervatis, V., Axaopoulos, P.
& Lascaratos, A. 2012. Decadal scale variability of sea surface temperature in the
Mediterranean Sea in relation to atmospheric variability. Ocean Dynamics, 62(1): 13-30.
(also available at https://doi.org/10.1007/s10236-011-0493-5).

Tsikliras, A.C. & Stergiou, K.I. 2014. Mean temperature of the catch increases quickly in
the Mediterranean Sea. Marine Ecology Progress Series, 515: 281-284. (also available at
https://doi.org/10.3354/meps11005).

Tzanatos, E., Raitsos, D.E., Triantafyllou, G., Somarakis, S. & Tsonis, A.A. 2014.
Indications of a climate effect on Mediterranean fisheries. Climatic Change, 122(1-2):
41-54. (also available at https://doi.org/10.1007/s10584-013-0972-4).

Unal, V. & Goénciioglu Bodur, H. 2017. The socio-economic impacts of the silver-
cheeked toadfish on small-scale fishers: a comparative study from the Turkish coast. Ege
Journal of Fisheries and Aquatic Sciences, 34(2): 119-127. (also available at https://doi.
org/10.12714/egejfas.2017.34.2.01).






159

Chapter 8: Climate change impacts,

vulnerabilities and adaptations:
Eastern Central Atlantic marine
fisheries

Souad Kifani!, Edna Quansah?, Hicham Masski', Rachida Houssa' and Karim

Hilmi!
1. Institut National de Recherche Halientique, Casablanca, Morocco
2. Department of Marine and Fisheries Sciences, University of Ghana, Accra, Ghana

KEY MESSAGES

e Significance of fisheries. The FAO major fishing area 34 currently represents
about 3 percent of world marine capture production and 80 percent of the catches
are made by 21 African coastal states that derive various benefits from their
fishing sectors including, at varying levels, employment, livelihoods, food for
local and international consumption and foreign income. The artisanal sector and
specifically the small pelagic resources play a pivotal role for food and nutrition

security and poverty alleviation.

® Main threats to fisheries sustainability. Overfishing, among other anthropogenic
pressures on ecosystems, threatens the marine resources of this area. Many of the
bordering states have limited capacities to manage their fishing sector sustainably.
The area is characterized by the presence of many transboundary fish stocks;
more than a third of the monitored stocks are currently exploited at biologically
unsustainable levels. Climate change may exacerbate this situation, and could be
a potential additional threat to the sustainability of the fishing sector and to its
contribution to national economies and to poverty and food insecurity alleviation.
® Nature of climate change threat. Climate change is expected to result in an
increase in the occurrence of extreme events (swells, storms, extreme rainfall,
rising temperatures, rising sea levels, etc.) affecting mainly the artisanal sector
fishing communities along the coast. Marine ecosystems are likely to continue
to experience warming, changes in ocean current patterns, nutrient inputs and
oxygen concentration, potentially resulting in a changed regime of ecosystem
productivity and a possible subsequent geographical readjustment of catch
potential towards the higher latitudes of FAO major fishing area 34 and towards

the more favouurable habitats inside the area.

* Vulnerability and the need to adapt. Climate change is already affecting some of
the main small pelagic fish (SPF), tuna and tuna-like fish, with potentially heavy
implications for tropical nations, given the role of SPF and the artisanal sector
in many sub-Saharan countries. It is also very likely that in the short-term, non-
climate issues will have a greater effect on fisheries than climate change. Weak
governance, weak development of knowledge including in relation to climate
change impacts, and persistent poverty in many countries will very likely limit
the capacity of fisheries-dependent populations to adapt, which may increase their

vulnerability.
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e Short-term priorities to increase socio-ecological resilience should be to
1) promote mainstreaming of socio-ecological resilience in public policies;
2) ensure, through improved management planning, that fisheries and ecosystem
governance improve in such a way to mitigate and prevent further degradation
of the quality of marine ecosystems of the region; 3) build or further develop the
institutional research and management capacities; and 4) take concrete actions to
protect assets and fishing communities against potential impacts of climate change
and increase socio-ecological resilience.

8.1 MAIN FISHERIES OF THE EASTERN CENTRAL ATLANTIC AREA

(FAO MAJOR FISHING AREA 34)
Most of the area (35°47” north latitude, 5°55” west longitude/6°07” south latitude, 12°16’
east longitude; Figure 8.1) lies in tropical and subtropical latitudes and encompasses several
marine biogeochemical provinces (Longhurst, 1998) that determine the nature of marine
species assemblages and the potential for fishery production at a subregional scale.

FAO estimated the maximum production potential for the whole region at
4.3 megatonnes (Grainger and Garcia, 1996). After a steady increase in the late-1970s,
marine catches have fluctuated around 4 megatonnes since the 1990s. Catches originate
mainly from coastal stocks in the exclusive economic zones (EEZs) of the West African
countries (WACs), whereas catches in areas beyond national jurisdiction on species
other than tuna and tuna-like species are limited (FAO Fishstat, 2017). WACs’ catches
accounted for 80 percent of the catches reported in the area in 2015 (FAO Fishstat,
2017). Domestic industrial fishing fleets were developed by several African countries
after independence. These fleets remained stable until the 1990s, but gradually declined
since then to near extinction in almost all the important fishing countries apart from
Morocco (especially in Senegal, Ghana and Coéte d’Ivoire). Nowadays, the industrial
sector in almost all the WACs is comprised almost exclusively by foreign industrial
fishing fleets operating under joint ventures or flags of convenience. These fleets’
catches are often quasi-exclusively directed towards the international market. On the
other hand, the artisanal fishing effort has strongly increased in the area, especially
in some countries of the sub-Saharan region such as Senegal and Ghana. Its level in
2010 had increased tenfold compared to 1950 according to Belhabib, Lam and Cheung
(2016). It is important to note that this subsector absorbs a non-negligible part of the
total national workforce in some sub-Saharan countries (e.g. Ghana). In Morocco, the
largest marine capture fisheries country of the area, the industrial and semi-industrial
domestic fleets are the main sectors harvesting fishery resources, even though the
artisanal sector is of importance in terms of provision of some supply-chains and for
the creation of jobs in some enclaved coastal regions. Many foreign vessels, operating
under fishing agreements, are also harvesting living marine resources in several
countries’ EEZs.

SPF are the most abundant resources of the area, providing more than 60 percent of
the region’s marine catches. These species are mainly composed of European sardine
(Sardina pilchardus), round sardinella (Sardinella aurita), flat sardinella (Sardinella
maderensis), bonga shad (Ethmalosa fimbriata), anchovy (Engraulis encrasicolus),
Atlantic chub mackerel (Scomber colias), Atlantic horse mackerel (Trachurus trachurus),
Cunene horse mackerel (Trachurus trecae) and false scad (Caranx rhonchus). Some
other coastal and oceanic groups of high commercial value (cephalopods, shrimps,
croakers, grunts, groupers, sparidae, and large migratory pelagic fishes such as tunas and
billfishes), provide the main national fish supply chains, on which rely the economies
of a large number of WAC:s as a source of income, creating jobs for 7 million West and
Central Africans (de Graaf and Garibaldi, 2014).
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FIGURE 8.1

Maps of the Eastern Central Atlantic area summarizing a) major current systems, upwelling
sectors and oxygen minimum zone (OMZ) position; b) main fishery production regions,
coastal states, declared landings of main fish groups, and national fish trade flows
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Fish also constitutes the staple food of the majority of the 400 million inhabitants
of the area, who overall consume 7 million tons of fish annually (FAO Fishstat, 2017).
Consumption of fish varies greatly between countries, however. SPF in particular
contribute to animal protein accessible to the most vulnerable communities in sub-
Saharan countries (i.e. nearly 200 million Africans; World Bank, 2017). SPF play a
significant role in the food systems and greatly contribute to the supply of small-scale
processing industries in almost all sub-Saharan countries (de Graaf and Garibaldi, 2014).

8.2 OBSERVED AND ANTICIPATED IMPACTS OF CLIMATE CHANGE ON
MARINE ENVIRONMENTS RELEVANT TO FISHERIES

8.2.1 Physical and chemical impacts

The West African climate has evolved in recent decades according to the latest
Intergovernmental Panel on Climate Change report, recognizing with high certainty
the atmospheric and oceanic warming in all FAO major fishing area 34 subregions and
on the contiguous continent (Niang et al., 2014; Portner ez al., 2014).

Observed impacts

A cooling, resulting from the intensification of wind-driven upwelling under climate
change, has been predicted for the Canary Current System (CCS), which extends from
the Strait of Gibraltar to the south of Guinea-Bissau (Bakun, 1990). The CCS has,
however, globally warmed over the permanent thermocline during the last three decades
(Portner et al., 2014; Vélez-Belchi et al., 2015), and the seasonal warming occurs earlier
in the subtropical and extratropical upwelling sectors (deCastro et al., 2014). However,
the more marked and significant warming trends are observed in the oceanic sector and
near the coast in the Senegalo-Mauritanian tropical sector (Vélez-Belchi et al., 2015).
Changes in the occurrence of extreme sea surface temperature (SST) events, in parallel
with warming, are also hypothesized to be related to climate change in this region
(Lima and Wethey, 2012). Extreme hot and cold events have increased and decreased
respectively in frequency in the area during the most recent decades (deCastro et al.,
2014; Lima and Wethey, 2012). The warming of the Senegalo-Mauritanian upwelling
sector has been linked, on another hand, to the recovery of the downwelling favourable
winds in the subtropics (Cropper, Hanna and Bigg, 2014). The southwesterly monsoon
circulation that drives downwelling-favourable winds is likely strengthening in the
subtropics (Cropper, Hanna and Bigg, 2014) and upwelling-favourable winds are likely
enhancing in the extratropical sector (Bakun, 1990; Cropper, Hanna and Bigg, 2014;
Rykaczewski ez al., 2015; Sydeman et al., 2014). The low latitude regions, comprising
the Guinea Current System (GCS) and the Atlantic Equatorial Upwelling System
(AEUS) also experienced a marked sea surface warming, a relaxation of the AEUS
activity, and an increase of tropical rainfall, which have resulted from a weakening of
the southeasterly trade winds during the past six decades (Portner er al., 2014; Tokinaga
and Xie, 2011).

There is lack of knowledge on acidification and oxygen depletion in the low latitude
sectors of FAO major fishing area 34 (i.e. GCS and AEUS), but in the CCS, the North
Atlantic oxygen minimum zone (NAOMZ) associated with this upwelling system
shows a tendency towards deoxygenation since the 1960s (Stramma et al., 2008),
probably as a result of a combination of anthropogenic impacts and natural climate
variability (Hahn er al., 2017). The OMZ core is extending towards the surface and
northwards. Upwelling waters are typically low in pH and high in CO, and are likely
to continue to show changes in pH and CO, resulting from rising atmospheric CO,
(Portner er al., 2014). The surface pH of seawater shows a decreasing trend since 1995
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at the ESTOC! site in the Canary Islands (Portner et al., 2014; Gonzalez-Davila and
Santana-Casiano, 2015).

Predicted impacts

Although there is low agreement on the statement of a future intensification of the
CCS upwelling (Portner et al., 2014), global climate model predictions indicate that the
ongoing strengthening trend of the upwelling activity in the extratropical CCS, will be
maintained by the end of the twenty-first century under the representative concentration
pathway (RCP)8.5 scenario (Rykaczewski et al., 2015; Wang ez al., 2015). A considerable
expansion of the upwelling season of several days per decade, between 1950 and 2099,
will likely occur at higher latitudes of the CCS (Wang et al., 2015). Rainfall will likely
decrease concomitantly over Northern Africa by the end of the twenty-first century
(medium to high confidence; Niang ez al., 2014). A continuation of the warming is
predicted in the equatorial region by the end of the century under an RCP8.5 scenario
(Figure 8.2); it is to be noted that there is also no consensus on this statement because
of a lack of reliable data in the region (Niang ez al., 2014). It is also unclear how rainfall
in the Gulf of Guinea and the Sahel subregions will evolve. Many studies attempting
precipitation forecasting for the West African subregion allude to tropical Atlantic SST
accounting for the largest proportion of variability observed in rainfall, particularly
in the Gulf of Guinea (e.g. Agumagu, 2016). Agumagu (2016) further asserted that
anomalously warm SSTs in the Gulf of Guinea generate copious rainfall in the Guinea
coast region but drier conditions over the Sahel zone. Many model results suggest an
increase in rainfall by the end of the twenty-first century, with a small delay of the
rainy season, an increase in the number of extreme rainfall days over West Africa and
the Sahel, and more intense and a more frequent occurrence of extreme rainfall over the
Guinea Highlands and Cameroon Mountains (Niang et al., 2014). These predictions,
however, remain uncertain according to Niang et al. (2014). Thus, a decrease in mean
precipitation would possibly lead to increased risk of drought while an increase in mean
precipitation would lead to increased flooding (Agumagu, 2016).

Coastal systems and low-lying areas in many WAC:s are also facing increasing risks
of erosion, inundation, and salinization of land and coastal waters because of the rise of
sea level (IPCC, 2007). A one metre sea level rise (SLR) would lead to inundation and
erosion, for example of 1 800 km? of lowland in Céte d’Ivoire, and more than 6 000 km?
and 2 600 km? of land respectively in Senegal and Nigeria, most of which are wetlands
(IPCC, 2007).

Because of large uncertainties in potential biogeochemical effects and in the evolution
of tropical ocean dynamics, there is a lack of consensus on the future volume of low
oxygen waters in the NAOMZ. Modelling simulations in the CCS suggest also that
although future ocean acidification in this upwelling system will likely be primarily
driven by the rise of atmospheric CO,, changes in local winds and conditions might
accentuate or dampen this large-scale trend owing to the nutrient utilization efficiency
in the system (Lachkar, 2014).

The pattern and magnitude of changes reported and their future long-term evolution
remain a matter of debate. They likely could be a result of greenhouse gas effects, but
the likelihood of significant natural climate-related interactions, such as natural low-
frequency (interannual to multi-decadal) variability in the ocean-atmosphere system
cannot be dismissed (Brandt et al., 2015; D1 Lorenzo, 2015). Additionally, the existing
global climate models have no consensus on how these large-scale climatic modes will
evolve in the future, so their impacts remain unclear. Limited spatial and temporal
extent of observations, and changes in wind measurement methodologies during the

! European Station for Time series in the Ocean Canary Islands.
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mid-twentieth century also hamper somewhat robust conclusions on the causes and
direction of change of the upwelling systems’ activity.

FIGURE 8.2
Projections of sea surface water temperature rise during the twenty-first century in different
regions of the FAO major fishing area 34 under RCP2.6, RCP4.5, RCP6.0, and RCP8.5 scenarios
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8.2.2 Biological and ecological impacts

Changes in the biological components of ecosystems in FAO major fishing area 34
and their eventual attribution to climate change are poorly documented. For the
components at the base of the marine food chain, satellite observations over the last
three decades in the CCS show that primary production displays an upward trend
in the subtropics and mid-latitudes sectors, north of 23°26’°13.0”N, and a downward
trend in the tropical sector (Demarcq and Benazzouz, 2015). Data from the continuous
plankton recorder in the Gulf of Guinea prior to 2008 also display a significant decline
in abundance of phytoplankton and zooplankton as SST increases (Wiafe et al., 2008).
According to (Wiafe et al., op. cit.), this could have serious implications of rippling
effects on productivity of especially SPF species such as Sardinella anrita and .
maderensis in the region. However, the lack of continuous zooplankton observations
in the area and also of empirical data examining the potential biological and ecological
consequences of climate change on lower parts of the food chain, make it difficult to
draw any sound conclusion on the direction of change at these trophic levels and also
on knock-on effects through food webs and into fisheries. Existing model projections
for the CCS (Lachkar and Gruber, 2013) suggest, for example, that a doubling of the
wind stress will double net primary production (NPP) in central and northern CCS
whereas the NPP increase will be less than 50 percent in the Senegalo-Mauritanian
sector (south of 21 °N). According to Lachkar and Gruber (2013), these differential
biological responses to wind stress may have implications for ecosystem food web
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structure and biogeochemical features in both sectors that would require a further
study.

The effects of climate change on fish spawning habitat and larval connectivity
patterns are poorly explored. Nevertheless, several studies conducted essentially on the
main SPF of the area, concluded that, overall, the reproduction strategies and spawning
habitat of these species are related to specific ranges of environmental conditions (e.g.
Tiedemann et al., 2017). Changes in meteorological and oceanographic conditions such
as precipitation regime, alteration of current patterns, alteration of winds, and changes
in nearshore biophysical processes under the anticipated climate change scenario, may
affect these species’ spatio-temporal reproduction patterns as well as adult distribution
and abundance. Additionally, early life stages of many marine organisms of the area are
being challenged by ocean warming, acidification and hypoxia, but their physiological
responses to these environmental changes still remain poorly studied. Several studies,
conducted mainly in Portugal, demonstrate that predictions of change in the ocean
temperature, pH and ventilation may compromise the development of early life
stages of some commercial fish such as Sardina pilchardus (Faleiro et al., 2016), Solea
senegalensis, Sparus awrata and Argyrosomus regius (Pimentel, 2016). Preliminary
studies on impacts of ocean acidification on fish diversity in Ghana by Nunoo,
Quansah and Ofori-Danson (2016) showed also possible impacts of this phenomenon
on diversity and abundance of fish species such as Sardinella aurita, S. maderensis
and Chloroscombrus chrysurus. Larvae of some species of the family Peneaidae and
Portunidae such as Peneaus notialis and Callinectes sapidus were also identified to be
susceptible to ocean acidification.

The tropical subregion in this area has one of the world’s most important mangrove
forests. Mangroves exist in semi-arid tropics, which probably makes them especially
vulnerable to changes in hydrology and thus salinity, as well as deposits of desert dust
from the northeasterly trade wind. Mangroves play an important role in West Africa’s
coastal fisheries and coastlines, providing some protection among other services.
Mangroves are, however, recolonizing many areas in Guinea, the Gambia, and Senegal
since 2000 (CILSS, 2016), after decades of loss resulting partly from prolonged and
damaging drought in the 1970s and 1980s. According to Andrello et al. (2017), field
observation in Senegal seems to demonstrate that natural regeneration of mangroves is
more important than reforestation and has likely resulted from the recovery of rainfall
in the mid-1990s that has enabled the mangrove regrowth.

The effects of relative SLR are also reported as a threat to the survival of mangroves
(IPCC, 2007). Given the rates of SLR and the predicted future shoreline calculations,
the West African mangroves face the threat of being completely inundated should sea
levels rise beyond levels they are able to cope with. For example, in Ghana, SLR is
expected to cause the shoreline of the Keta coastal zone to migrate about 8 km inland
in the next 100 years (Boatemaa, Kwasi and Mensah, 2013). The muddy coastal regions
of Cameroon face being flooded and eroded. The finfish and shellfish of Cameroon
make use of these muddy coastal regions as breeding grounds and nurseries, and these
regions are also critical for Cameroon’s main fisheries production.

The advancement of tropical planktonic species poleward, presumably because of
global climate warming, has been recently documented for the tropical dinoflagellate
Gambierdiscus spp. These harmful algae began to be reported during the last decade in
the subtropical upwelling sector of the CCS off Morocco, Canary Islands and Madeira
Islands archipelagos, providing evidence of the biogeographical expansion of this genus
towards higher latitudes with increasing sea temperatures in the region (Pitcher and
Fraga, 2015). An unprecedented massive accumulation of pelagic seaweed, sargassum, also
occurred recently on the coasts of several tropical countries in West Africa, suggesting
that this phenomenon, linked to climate change, may potentially result in the formation
of hydrogen sulphide (toxic), oxygen depletion, and eutrophication (Pfaff, 2015).
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8.3 CLIMATE CHANGE EFFECTS ON STOCKS SUSTAINING THE MAIN
FISHERIES

8.3.1 Impacts of climate change on fishery resources

Several changes in abundance and distribution have been reported for some of the main
fishery resources over the last decades. The European sardine and round sardinella,
the main species in terms of volume of catches in FAO major fishing area 34, have
experienced a readjustment in their distribution and abundance since the 1990s. In the
CCS, the most important European sardine stock, located principally off the Sahara,
have experienced large fluctuations in abundance and distribution from the mid-1990s.
A northward shift of sardine distribution in the southern limit was noticed during
the intermittent extreme warming events that occurred off Northwest Africa. For the
period 1982 to 2011, six warm events (1983, 1984, 1997, 1998, 2008 and 2010) have
occurred (Oettli, Morioka and Yamagata, 2016), resulting in some years (e.g. 1997,
see Streomme, Burgos and Kada, 1997) in a drastic decline of the stock abundance
and/or the southern limit moving north by two to three degrees. These warm events,
generally coincident with a displacement of the thermal front further north, and a
decrease in upwelling and intensities of southward currents, likely induce a northward
contraction of favourable habitat for the European sardine, which is tightly associated
with the North Atlantic Central Water (NACW). At the same time these conditions
seem to have benefitted the round sardinella (Zeeberg et al., 2008), the abundance
of which has increased several times in the subtropical sector to the north of Cape
Blanc, even though the overall abundance of this tropical species has decreased in the
CCS during the last decade (CECAF, 2015b, 2016). The bulk of the stock was located
on Sahara Bank during some warm episodes, representing more than 50 percent of
the regional stock (Braham and Corten, 2015; Stremme, Burgos and Kada, 1997).
At the same time, round sardinella abundance has shown a decline in the Western
Gulf of Guinea where its catches display a relatively steady decrease since 1999 and
its stock is now considered as over-exploited (CECAF, 2015a). It remains, however,
difficult to disentangle the relative contributions of climate change, natural variability
and exploitation to the dynamics of these species during the last decades. It is worth
noting that the period following the mid-1990s is also marked by an expansion of
the sardine habitat to the North Sea, linked to ocean warming and to some climate
natural oscillation modes (e.g. Alheit et al., 2014). According to Thiaw et al. (2017), in
a scenario of future decrease of upwelling-favourable winds in the equatorward region
of CCS, in terms of both duration and intensity, a decrease in abundance of both round
sardinella and flat sardinella in Senegal may occur as a result of this weakening of
upwelling-favourable winds. In addition, a northward shift of upwelling may increase
the northward migrations of round sardinella during summer, while flat sardinella may
stay in Senegalese waters because of its higher tolerance to environmental fluctuations
and less migratory behaviour.

The bonga shad is another important SPF of the tropical inshore waters and one
of the most targeted species by artisanal fisheries from Mauritania to Angola. Unlike
sardinella (especially round sardinella), bonga shad is physiologically adapted to cope
with a wide range of environmental conditions and represents an example for clupeid
fishes reproducing under extreme conditions in habitats such as estuaries. As a result
of its high adaptive potential and euryhaline physiology, bonga shad will be less likely
to suffer from the impacts of climate change on its spawning habitat. Nevertheless, in a
scenario of further decrease in precipitation, inversion of estuaries, and a concomitant
rise of ambient salinities (e.g. in estuaries of the semi-arid tropic), its reproductive
potential is likely to be limited inside many habitats (Déring et al., 2017).

Warming and expansion of the NAOMZ has been shown to affect the distribution
of some highly migratory species of tunas and billfish by compressing their vertical
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habitat towards the surface water and increasing, consequently, their vulnerability to
surface fishing gear (Prince et al., 2010). The warming trend of the Atlantic subtropical
regions (20 °N to 30 °N and 20 °S to 30 °S) during the past decades may also have
resulted in a large-scale “tropicalization” of tuna populations and an increasing
dominance of catches of warmer water species at higher latitudes (Monllor-Hurtado
et al., 2017).

Portner er al. (2014) anticipated that global warming will lead to changes in the
biogeographical distribution of species resulting in a large-scale redistribution of
overall catch potential towards the high latitudes to the detriment of the tropics (see
also Chapter 4). The projections obtained by ensemble studies from global models,
predict that the Guinea Current subregion will suffer a substantial decrease in marine
catch potential by 2050 (Cheung et al, 2010; Lam er al., 2012; Chapter 4 of this
volume). Another study (Barange er al, 2014) predicted, contrariwise, an increase
in the catch potential in Northern and Western Guinea Current subareas by 2050,
which in turn will decrease in the Canary Current and in Central and Southern Gulf
of Guinea as well.

8.3.2 Other non-climate stressors

Fishing activities

Ecosystems and natural resources have been intensively exploited in the last decades
for development purposes, food security, and as an alternative to loss of arable lands
(Binet, Failler and Aggosah, 2015; Morand, Sy and Breuil, 2005). The expansion of
the fishing activities during the last decades has driven negative impacts on many
fish-food production systems. These factors, amplified in many countries by weak
fisheries management, regulation and control systems, have led to overexploitation of
many fish stocks. Overall, the Eastern Central Atlantic coastal area has 46.5 percent
of its assessed stocks fished at biologically unsustainable levels, and 53.5 percent
within sustainable levels (CECAF, 2016). Although the FAO Fishery Committee for
the Eastern Central Atlantic (CECAF) regularly made recommendations on fisheries
management measures (total catch, fishing capacities, etc.), implementation remains
voluntary and weak in many member states. Some recent worldwide surveys show that
the FAO major fishing area 34 is one of the most impacted by illegal foreign fishing
fleets (Greenpeace, 2017).

Other sources of threats

Other anthropogenic pressures on marine, inshore and wetland ecosystems come
from adjacent land uses. The growing coastal populations have led to unplanned
urbanization with consequences for many natural habitats. Mangroves have suffered
losses from conversion into agricultural uses and wood harvesting (including for post-
harvest artisanal activities of smoking of fish). About 30 percent to nearly 70 percent
of the original mangrove vegetation is estimated to have been lost in many countries of
the area (UNEDP, 2007). The proportion of marine areas within national EEZs covered
by protected areas remains under 10 percent (UN, 2017; Figure 8.3). Pollution from
sewage, chemicals (including fertilizers and pesticides) and waste, dam construction,
sand mining, and hydrocarbon exploitation in several EEZs, especially in the Gulf of
Guinea, are some of the many threats to many ecosystems. Eutrophication is a major
concern for the Guinea Current large marine ecosystem (Figure 8.4) where human-
induced eutrophication has resulted in several dead zones (e.g. Korle lagoon in Ghana).
Additionally, these stressors are often transboundary issues, resulting from ineffective
management in most countries of the region (CCLME, 2016a; UNEP, 2016).
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FIGURE 8.3
Proportion of marine areas within national jurisdiction (0 to 200 nautical miles) covered by
protected areas, 2017 (percentage)
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FIGURE 8.4
Merged nutrient risk indicator of large marine ecosystems projected to 2050
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8.4 IMPLICATIONS FOR FOOD SECURITY, LIVELIHOODS AND ECONOMIC
DEVELOPMENT

8.4.1 Implications for fishing and post-harvesting operations
Fishing will likely become an even more dangerous activity, especially for the artisanal
sector. West African coasts are regularly buffeted by storm surges and are currently at
risk of extreme storm events and tidal waves that may increase (IPCC, 2007). This will
likely affect human safety, in particular artisanal fisher folks (Westlund ez al., 2007), and
increase the risk of losing the means of fishing (canoes and fishing gear). Moreover, a
gradual scarcity of resources in productive areas will have an impact on the profitability
of artisanal fishing operations because of the increase in the time spent searching for
fish, fuel expenditure and irregular catches. Overall, the quantities of fish caught per
kWday by artisanal fisheries has dropped from 5 kg per kWday in the 1950s to 1.5 kg
per kWday in the 2000s, which is 11 times less than industrial catches per unit effort
(Belhabib, Lam and Cheung, 2016). Hundreds of thousands of artisanal fisher folks are
trapped into a vicious cycle of increasing fishing effort, with many using subsidized
fuel (e.g. in Ghana; Nunoo er al., 2015) while fishing is becoming unsustainable.
Despite recent improvements in some countries, value chains still suffer from
underdevelopment of cold chains in many sub-Saharan countries. The absence of
cold storage facilities in many landing sites makes the labour-intensive traditional
processing methods very important in the value chains. In Senegal for example, this
post-harvest activity transforms more than 30 percent of landings. Whilst this activity
plays an important role in reducing fish waste, losses still account for nearly a quarter
of fish production in sub-Saharan Africa (FAO, 2016). Unchanged conditions in
processing, handling for trade, and hygiene practices combined with an anticipated
increase of temperatures, precipitation, moisture, and inundation in tropical areas will
likely increase post-harvest losses and will likely result in a further decrease of the
efficiency of artisanal value-chains.

8.4.2 Implications for communities and livelihoods

The most productive coastal zones (upwelling areas, mangrove swamps, lagoons
and estuaries) attract the bulk of the fishing and processing activities conducted by
communities representing about 7 million people (Ndiaye, 2016), two thirds of whom
are found in sub-Saharan countries, who are mostly engaged in artisanal activities.
Artisanal fisher folks and fishing communities, particularly in sub-Saharan countries,
have developed different livelihood strategies to cope with natural resource fluctuations
on seasonal and interannual scales, including the diversification of income sources, the
exploitation of marine and terrestrial natural resources, and “seasonal” or “circular™
fishing migration depending on the resources” distributions (Morand, Sy and Breuil,
2005; Nunoo et al., 2015).

It is also important to highlight the switch in micro-economic strategies that
followed the Sahel drought of the 1970s and 1980s and other structural difficulties
of the agricultural sector in this part of Africa. The switch was from a traditional
model of multi-active artisanal fishers combining fishing and agriculture occupations
(e.g. rice farming) to a model of full-time fishers making “seasonal” or “circular”
fishing migrations. According to Morand, Sy and Breuil (2005), this historical switch
in micro-economic strategies, combined with other factors such as the increase and
generalization of motorization of the canoes and the widespread use of destructive
fishing gears, has likely contributed to increase the fishing effort and to a degradation
in fishing productivity and incomes.

2 lLe. between African countries.
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With the depletion of fish stocks, that could be further exacerbated by the
anticipated climate change-driven effects on fishery production, and the enforcement
of policy actions by neighbouring countries that limit migration opportunities, migrant
fisheries might reach their limits, and see their territories reshaped, with some conflicts
resulting from this situation (Binet, Failler and Aggosah, 2015). In the southern CCS
for example, Senegalese canoes and fishers have become so numerous since the latter
decades of the twentieth century that the fishing effort they are deploying goes far
beyond the country’s EEZ, extending as far as Mauritanian and Guinean waters
(UEMOA, 2014), generating many problems as a result. Some of these problems have
been partly solved by international agreements (e.g. agreement between Senegal and
Mauritania giving access to 200 artisanal purse seiners of Saint Louis, Senegal to the
Mauritanian EEZ during the season of northward migration of sardinella), but others
remain a source of concern.

The phenomenon of “seasonal” and “circular” fisher folk migrations is thus
becoming a challenge for fisheries management at the regional scale (Binet, Failler and
Aggosah, 2015). This issue is all the more important given the anticipated exposure
of populations and assets to SLR in many low-lying coastal zones that shelter these
communities. SLR and coastal erosion have been reaching significant levels in some
coastal sectors of countries, putting infrastructure and fishing villages at risk (e.g.
IPCC, 2007). SLR is also expected to threaten the mangrove areas that provide the
primary means of subsistence for a large number of collectors of oysters and other
invertebrate species, who are mainly women (Cormier-Salem, 2017). The major actors
in the artisanal sector post harvesting activities in the sub-Saharan region are also
women traditional processors. This activity makes them play a pivotal role in the rural
economy in several countries, but makes them also one of the most vulnerable social
categories to detrimental climate change-driven impacts through many pathways
(increase of losses, irregular fish supplies, coastal erosion, and inundation that threatens
assets).

Additionally, the opportunities for fishing communities in almost all countries are
quite often limited by a lack of alternative occupations, low education levels, weak
social safety nets, and limited access to infrastructure, equipment, and services (see
e.g. UEMOA frame survey report; UEMOA, 2014). Artisanal fishing community
occupations also often compete with other uses for access to the sea front and coastal
waters, which limits their socio-economic space. Therefore, climate change impacts
could jeopardise their livelihoods and likely further shrink their survival perimeter
in several countries, with the risk of extending poverty traps and fostering “forced”
migrations (Alex and Gemenne, 2016).

8.4.3 Implications for larger societies and economies

Many of the interacting economic and social causes of migration and conflicts in
West Africa are sensitive to climate change impacts (Niang et al, 2014), with the
poor being particularly dependent on natural resources and hence more vulnerable. A
large proportion of the population is involved in fishing in many coastal regions and
in some small island developing states (SIDS) of the area, where fisheries are a major
source of work and income. Fisheries consequently make a multifaceted contribution
to their national economies. Countries from Senegal to Nigeria are among the most
economically and/or nutritionally fisheries-dependent nations (Barange er al., 2014),
with almost all of them being currently low-income food-deficit countries (LIFDCs)
and/or least developed countries (LDCs). The proportion of dietary protein that
comes from fish is very high in many of these countries (more than 60 percent in Sierra
Leone and Ghana, 47 percent in Senegal), even if average per capita fish consumption
is, overall, among the lowest in the world (OECD, 2016). The region’s overall food
supply is already disturbed by climate impacts on its agricultural food production
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system and now depends largely on imports. Almost all sub-Saharan countries are
currently net importers of staple foods. Climate change is expected to increase pressure
on already pressured fishery resources and increasingly disrupt crop and livestock
production in almost all the region, which could put a further threat on food security
in the region (Niang er al., 2014; Lem, Bjorndal and Lappo, 2014; Rhodes, Jalloh and
Diouf, 2014). The increasing quantities of fish products imported by many Guinea
Current bordering countries (Figure 8.5), is worsening the deficit in value of the food
trade balance of almost all West African LIFDCs, the majority of which are also
impacted by a decrease of sardinella stock productivity in the main productive area of
the Gulf of Guinea. The imports of these countries are mainly composed of SPF (FAO
Fishstat, 2017). Major importing countries like Nigeria, Ghana and Céte d’Ivoire
are now looking for alternatives to sardinella, by importing herring from Europe
with consequences for fish prices (Caillart and Beyens, 2015). The imports value is
generating currently an overall annual shortfall of more than 2 billion USD for trade
balances of LIFDCs in the area (Figure 8.6). At the same time, sardine and other SPF
exports by Morocco (as the main producer and net exporting country of SPF in the
region) continue to be mainly oriented towards developing countries’ markets (DEPF,
2015). The processing of SPF for fishmeal, boosted by global market demand, is on
the other hand showing a marked tendency to increase in the CCS region. Morocco,
Mauritania and Senegal are ranked among the top ten fishmeal-producing countries in
Africa (FAO Fishstat, 2017). In Morocco, fishmeal production is based on by-products
and surplus landings that cannot be absorbed by the canned and frozen product
industries. The amount of fishmeal produced is expected to decrease by 50 percent by
2020 and the volume of valued transformed products increased by the same proportion
by 2030 according to Morocco’s sustainable development goals (SECDD, 2017). The
situation seems to be different in Mauritania, where the development of an export-
oriented fishmeal industry, transforming sardinellas, would, according to Caillart and
Beyens (2015), entail risks for Senegal to maintain its fish food self-sufficiency since
sardinellas stocks are shared. However, over the past two decades, a number of fishmeal
factories were also implemented in Senegal. The fishmeal production in that country
may likely have socio-economic impacts as the fishmeal industry might divert fishery
products (SPF) that, previously, were transformed by artisanal women processors. For
Senegal, negative consequences of the development of the fishmeal industry is therefore
not only for employment, but also for the food security of the rural populations of the
whole hinterland of Senegal and also some inland countries, such as Burkina Faso. The
population and total food fish consumption demand are expected to rise substantially
in the region by 2050, while the anticipated overall fishery production increase will
likely be marginal (Grainger and Garcia, 1996) or may decrease according to many
estimations (e.g. Chapter 4 of this report). The potential response of international
seafood trade to climate change, changes in seafood demand and supply or in local
population dietary patterns are uncertain, but some estimates indicate that fish imports
in sub-Saharan countries are likely to be 11 times higher by 2030 than the level in 2000
(World Bank, 2013).
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FIGURE 8.5
Fish trade flows and fish supply quantity in Guinea Current bordering countries (on the left)
versus Canary Current bordering countries (on the right). The bulk of fish-food supplies is
made of imports in the Guinea Current region, while most of the production made in the
Canary Current region, is exported
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FIGURE 8.6
Trends in fish-trade flows and fish trade balance of low-income food-deficit countries
bordering the FAO major fishing area 34 from 1976 to 2013. Overall annual shortfall in fish
trade balance of LIFDCs resulting from the increasing trend of fish-food imports by these
countries, has reached more than 1 billion USD since 2010
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8.4.4 Consequences for fisheries management

The recent trend in abundance and distribution of the main stocks and the uncertainties
related to climate change have increased awareness of policymakers of the urgency
to take action and improve the management strategies for coastal marine resources.
Even if efforts are still needed, many advances have been made in several countries in
developing fishery management plans (e.g. in Guinea, Senegal, Mauritania, Morocco),
upgrading fishing effort control (through licensing, establishment of a coastal zonation
for different types of harvesting), implementing a rights-based approach to coastal
fisheries and co-management (Virdin, 2017). An adaptive fisheries management
approach was applied for several fisheries in Morocco and Mauritania including
individual transferable quota (ITQ) systems. A number of localized territorial use
rights fisheries (TURFs) have been established in Cabo Verde, Senegal and Sierra
Leone (Virdin, 2017). Mechanisms for supra-national coordination of several marine
protected areas (MPAs) in Senegal, Cabo Verde and the Gambia have also been initiated
in order to promote a protected marine eco-region (WWE, 2017).

Combining different management or regulatory systems may produce significant
socio-ecological climate resilience synergies. The benefits of some spatial tools of
fishing regulations and conservation could, however, likely be compromised by
climate change impacts. Because of their spatial nature, implementation of tools such as
TURFs and MPAs should take into account the likelihood of possible shifts in species
distribution patterns and also a possible alteration of currents that could modify the
larval connectivity (Andrello ez al., 2017). Monitoring of fisheries systems, for example,
is not often coupled with MPA research, while pooling of efforts could benefit both
management systems (Garcia et al., 2013). Research capacities in the region also remain
weak with regard to the scientific advice needed for the sustainable management of
fishery resources and marine ecosystems (see e.g. Masumbuko er al., 2011). CECAF
and the International Commission for the Conservation of Atlantic Tunas (ICCAT)
provide advice for coastal fishery resources and Atlantic tunas and tuna-like fish
stocks on a regular/semi-regular basis, but national data collection systems and
scientific monitoring capacities have to be improved in many countries of the area
(CECAF, 2016; Chavance et al., 2007). Where adaptive fishery management has been
implemented (e.g. Morocco), the robustness of the decision-making process varies
among fisheries, depending on how much data and scientific analysis are available. This
is particularly problematic for the transboundary stocks.

The Regional Fishery Bodies (RFBs) call repeatedly for collaborative management
of regional shared stocks, but little progress has been made until now (CECAF, 2016).
A strategic action plan for the integrated management of the transboundary Canary
Current Large Marine Ecosystem (CCLME) towards 2030 was adopted by the states
of the FAO/Global Environment Facility (GEF) CCLME project (CCLME, 2016b),
but cooperative governance arrangements between the bordering countries still need
to be effectively established. A community-based management approach such as local
TURFs could likely be an advantage for diversifying local livelihoods and enhancing
social resilience, but presents little flexibility regarding species migration and migrant
fisheries (which are some of the most important features of the region), or regarding
possible climate-driven change in the species distribution and migration patterns.
Connected TURF networks (at national and supra-national level) could be a solution
to cope with both. Whilst complex, a management system, tailored at a national and/
or regional scale, combining rights-based fisheries regimes (e.g. connected TURF
networks and/or multi-species quota/ITQ systems that take into account the multi-
species context and the impact of the tenure length and rules regarding transferability,
which may affect resilience) could present many potential socio-ecological resilience
benefits. Such a system could, as stated by Ojea ez al. (2017), give rights owners more
incentive to implement climate change mitigation and adaptation strategies to maintain
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their investment and incomes rather than simply exploiting the remaining population
to maximize short-term gain. On the other hand, the importance being given to
mangrove ecosystems and mangrove social communities in West Africa to generate
and sell mangrove carbon credits to multinational companies within the framework
of reducing emissions from deforestation and forest degradation (REDD+) and blue
carbon projects, raises some issues, according to Cormier-Salem (2017). These are
the issues of administration of land rights and community-based decision-making
that are of importance to avoid land grabbing, which can impair the socio-ecological
equilibrium required to achieve resilience. Local communities are often unaware of
the REDD+ mechanism and the negotiation approach is not always participatory,
so that the charter signed with some multinational companies leads in some case to
traditional harvesters (e.g. oyster harvesters) losing the right to exploit the reforested
areas for several decades (Cormier-Salem, 2017). This underlines the importance of the
development of knowledge management skills at different levels of decision-making
regarding the issue of climate change socio-ecological resilience.

8.5 SYNTHESIS OF VULNERABILITY AND OPPORTUNITIES OF THE MAIN
FISHERIES AND DEPENDENT COMMUNITIES AND ECONOMIES

The future climate conditions will likely pose significant uncertainties for countries with
a high contribution of fisheries to income, economies, and food security, but tropical
LIFDCs and LDCs will likely be socio-economically most vulnerable to climate
change. This is not only because the impacts of climate change on infrastructure and
the main fish stocks (such as sardinella, tuna and tuna-like fish) will further jeopardize
state revenues from fishing, their food security, assets and source of income for many
fishing communities, among other consequences, but also because of the weak capacity
of these countries to absorb the cost of adapting to climate change (AfDB, 2011;
Allison et al., 2009; Rhodes, Jalloh and Diouf, 2014). Considering the position of the
labour-intensive artisanal fisheries sector in West Africa, already threatened by many
factors as well as increased climate change driven risks, the communities involved are
clearly among the most vulnerable. Literature on poverty traps suggests that the poor
are unable to mobilize the necessary resources to overcome either shocks or chronic
low-income situations. Many were attracted to fishing by the opportunities provided
in the fishing sector, but a significant majority were driven into fishing by external
circumstances (Binet, Failler and Aggosah, 2015) and now many lack alternatives and
are entrenched in a poverty trap. Poverty indices measured for small-scale fisheries in
Ghana, for instance, by Asiedu ez al. (2013) revealed high poverty with up to 80 percent
falling below the international poverty line benchmark, with accompanying high
vulnerability and marginalization indices. Increasing resilience of these communities
will require that artisanal workers who are already entrenched in the poverty trap and
those near that threshold must be targeted for assistance such as poverty reduction and
alternative livelihood opportunities. For example, some micro-credit mechanisms have
been established for local fishing communities in four MPAs in Senegal to support
alternative income creation (WWE, 2017).

Some countries of subtropical and mid-latitude regions could benefit from
geographical redistribution of stocks, which could create a supplementary opportunity
for some net export countries (e.g. Mauritania and Morocco) to further foster their
industrial capacities and exports. Tuna and tuna-like species are currently also of
economic importance for some tropical countries and SIDS of the area. A climate-
driven range shift in the distribution and abundance of these species will likely also
create “winners” and “losers” among fishing nations of the region. A climate-driven
shift in distribution of SPF stocks will require a management framework for these
resources shared within the CECAF regions and a strengthening of the RFBs’
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mandates (e.g. CECAF). Furthermore, tuna and tuna-like fishes” distribution shifts
could also require adaptive adjustments of ICCAT quotas among member states.

It is, however, important to highlight that at this state of knowledge, many
uncertainties remain, which require an urgent development of the regional scientific
capacities and a regional strategy for knowledge management. These major uncertainties
currently prevent decision-makers from considering the climate change factor.
Nevertheless, these uncertainties could be an opportunity to boost value additions in
fisheries to enhance the contribution and socio-economic impact of marine ecosystem
services. It is estimated that the services impact of the two large marine ecosystems
of the area (Guinea Current Large Marine Ecosystem [GCLME] and CCLME) is
currently 5 percent of the GCLME countries’ summed gross domestic products
(GDPs) and 11 percent of the CCLME countries” summed GDPs. The greatest share of
this impact appears to be from the fisheries sector in the GCLME and “opportunities
for tourism and recreation” in the CCLME (UNEP, 2016). Short-term priority to
increase socio-ecological resilience should be to ensure that fisheries and ecosystem
governance improve in such a way as to mitigate and prevent further degradation of
the quality of local and large marine ecosystems of the region and the services they
provide.

8.6 RESPONSES (ADAPTATION)

The National Adaptation Plans (NAPs) process is an opportunity for West Africa to
promote a mainstreaming of resilience and efficiency in the development policy. The
cost of anticipatory adaptation could likely be important for LDC economies (AfDB,
2011) but would actually result in lower long-term costs than reactive adaptation.
Without adaptation, GDP in West Africa is projected to decline by two to four
percent by 2100 (Rhodes, Jalloh and Diouf, 2014). Key recommendations for proactive
adaptation proposed, on the basis of orientations such as those of the African Union
2063 Vision (AU, 2015), the African Union Strategy on Climate Change (AU, 2014),
the United Nations Economic Commission for Africa African Blue Economy Policy
Handbook (UNECA, 2016) and the Strategic Action Programme for protecting the
CCLME (CCLME, 2016b), could be as follows in Table 8.1.
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TABLE 8.1
Key recommendations for proactive adaptation

Recommendation Level of action

Institutional and management

o The coastal states should 1) promote and support mainstreaming climate resilience,  National and
disaster risk management and risk reduction strategies in the social, economic and regional
environmental sectors related to marine and coastal resource exploitation and uses;
and 2) ensure that actions taken consider sustainability of ecosystem goods and
service provisioning as well as rights of local fishing communities, traditional users
and their tenure.

. Build or further develop institutional research capacities (competence and research ~ National
infrastructure) in marine and fisheries sciences and other scientific branches that
produce relevant and impactful knowledge, services and tools responding to
societal needs.

o Develop a framework of multi-disciplinary observations and scientific research: data  National and
collection, monitoring, capacity in regional climate modelling, ecosystems, change regional
scenarios, process, prediction, climate change detection, attribution and assessment
of all risk factors, early warning, including technology and other tools required.

o Support cooperation and synergies to 1) foster collaboration between research National and
institutions and academies; 2) create knowledge networks among researchers and regional
links to professional associations, industry bodies and government ministries; 3)
increase regional scientific networking and visibility; 4) foster regional collaboration
in fisheries management; and 5) harmonize standards, data collection, management
measures, etc.

o Improve skills to enable flexible governance and adaptive management to allow for National and
continuing adjustments and improvements, with a focus on strengthening adaptive  regional
capacity of fishing sector stakeholders and communities.

. Implement adaptive fisheries management plans for priority resources (e.g. shared National and
pelagic and demersal stocks) based on an ecosystem approach to fisheries, including regional
harmonization of management measures (e.g. technical measures, quota systems,

MPAs, TURF networks, etc.) and taking into account the climate change added risks.

. Take mitigation measures to reduce the negative impacts of human activities on National and
coastal processes, sediment dynamics and essential habitat to enhance marine regional
fisheries resources and ecosystem resilience.

Livelihoods and resilience

. Build preparatory resilience plans to secure livelihoods, income, infrastructure National and
essential for the fishing sector, and take concrete on-the-ground actions such as sub-national
hazard mapping, strengthened natural barriers (e.g. mangrove protection, sea
walls, flood protection), safety at sea, measures to make assets more resistant to
damage such as safer fisher folks’ village landing sites and location of processing
facilities, etc.

o Design and adopt strategy exit plans and/or other options to create alternative National and
socio-ecologically resilient employment opportunities directed at workers involved sub-national
in overexploited fisheries, climate vulnerable fisheries and vulnerable fishing
communities.

e  Take concrete measures to improve value chains’ efficiency and enhance locally the  National and
fish-products’ added-value: 1) scale up cold chains and sanitary practices; 2) reduce sub-national
fish product losses and waste; 3) promote climate-smart fishing and processing
technologies, involving complementary adaptation and mitigation techniques and
practices; and 4) facilitate access to insurances, micro-credits and business skills
training to small-scale stakeholders (including artisanal fishing communities).

8.7 CONCLUSIONS

Overfishing, as well as other anthropogenic impacts on coastal and marine ecosystems,
threatens the marine resources of FAO major fishing area 34. The capacity of many
of the bordering states to manage their fishing sectors sustainably is limited and more
than one third of the monitored fish stocks are currently exploited at biologically
unsustainable levels. Climate change may add further pressure, and is potentially an
additional threat to the sustainability of the fishing sector, and therefore also to its
contribution to economies of these countries and to the alleviation of poverty and food
insecurity. The capacity of fisheries-dependent populations to adapt to climate change
is very likely to be limited by weak governance, weak development of knowledge
including in relation to likely impacts of climate change, and persistent poverty in
many of the countries, which collectively may increase their vulnerability. Anticipatory
adaptation is recommended as an important means to increase socio-ecological
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resilience. Though its cost is likely to be an important factor for many countries in the
area, such an approach would be likely to result in lower long-term costs than one of
reactive adaptation to the projected climate change impacts.
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KEY MESSAGES

® Negative impacts from climate change that are already obvious in this region

include coral bleaching, increasing frequency of high intensity storms and
hurricanes, increased sea level, and sargassum influxes that are disrupting fishing
operations, fish landings and fisher livelihoods.

Because most species in the Western Central Atlantic are already at their maximum
thermal tolerance and the Gulf of Mexico and Caribbean Sea are constrained by
land barriers, there are expected to be few “winners” under future climate change
with regard to the commercially important fishery species, which are expected to
suffer population declines and reduced productivity in this region.

Smaller catches can be expected to have significant socio-economic implications
for those working in the harvest and post-harvest sectors. This will also have
implications for national governments such as reduced domestic productivity
in the fishing sector, food security and international trade and foreign currency
earnings, especially for those countries with export-oriented fisheries.

The fisheries sectors of the region’s small island developing states are the most
vulnerable to climate change.

Fisher conflicts will increase as fish resources become scarcer. Conflicts will also
arise between consumptive users and non-consumptive users within the fishery
sector and between sectors.

Fish resources in the region are typically shared by multiple nations and climate-
induced changes to their distribution may require changes to multi-lateral or
international agreements, whilst changes in genetic connectivity of stocks may
impact the effectiveness of marine reserve networks in protecting source populations.
Increasing sea surface temperatures in this region, in combination with increased
nutrient loading, have implications for the safety of fish and shellfish consumption,
given the expected increases in the occurrence of toxic algal blooms, ciguatera fish
poisoning and the increasing prevalence of various shellfish diseases.

Climate change stressors such as sea level rise and increased frequency of severe
hurricanes in the region will continue to have significant negative impacts on the
safety of fishers, fisheries infrastructure, boats and fishing equipment, and coastal
fishing communities.

Adaptation measures already being undertaken across the region include:
development of mobile apps for tracking and early warning; investment in
improved infrastructure and facilities; improving resilience of fisherfolk and
aquaculturists, and mainstreaming climate change into fishery policy and planning.
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9.1 INTRODUCTION

9.1.1 The Western Central Atlantic region

The Western Central Atlantic (WCA) represents the area covered by the FAO Western
Central Atlantic Fishery Commission (WECAFC), which includes FAO major fishing
area 31 and the northern part of FAO major fishing area 41 (Figure 9.1). This area
encompasses four distinctly different biogeographic regions considered as different
large marine ecosystems (LMEs): the northeast coast of South America (North Brazil
Shelf), Caribbean Sea, Gulf of Mexico (GOM) and the southeast shelf of the United
States of America (SE USA), as well as a large area of open ocean linked by major ocean
currents. It covers 14 644 544 km? of which 10.5 percent is continental and island shelf,
incorporates two of the world’s largest semi-enclosed seas, and is influenced by the
discharge of some of the world’s largest rivers (e.g. Amazon, Orinoco, Mississippi).
The WCA includes the exclusive economic zones (EEZs) of 28 nation states and 16
territories belonging to the Netherlands, The United Kingdom of Great Britain and
Northern Ireland, France and the United States of America, of which 29 are considered
small island developing states (SIDS) and has five official languages, making it one of the
most geopolitically complex and vulnerable regions of the world. It is also one of the
most bio-diverse areas of the world’s oceans, exhibiting a wide range of oceanographic
and hydrographic features, a great diversity of tropical, subtropical, estuarine, coastal,
shallow-shelf, deep-slope and oceanic habitats, including around eight percent of the
world’s coral reefs and six percent of the seamounts, and supports a wide diversity of
commercially important fishery species (Table 9.1).
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FIGURE 9.1

Maps of Western Central Atlantic region showing a) LME boundaries and FAO fishing areas,
b) major surface currents, and c) EEZ boundaries'. Quantitative data are given in Table 9.1
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9.1.2 Main fisheries of the region
This heterogeneous region has a high reliance on marine capture fisheries and exhibits a

wide range of fishery types from single to multispecies and from small-scale subsistence
and small-scale commercial operations to large-scale semi-industrial and industrial
fisheries to private recreational and sports-fishing charter operations (Figure 9.2;
Table 9.1). Fishery production is also highly variable across the region with the GOM
LME landing more than twice the tonnage of the Caribbean and North Brazil LMEs
and more than 10-fold that of the SE USA LME (Figure 9.2). Small-scale fisheries (SSF)
are important across the entire region and represent the most valuable sector across
all LMEs except the GOM where industrial trawl and purse seine fleets predominate
(Figure 9.2). The governance arrangements are also highly variable among fisheries and
nation states, from unmanaged free-access (typical of SSF) to highly regulated (typical
of the larger-scale fisheries, particularly in the United States of America; Table 9.1).

FIGURE 9.2
Comparison of the four LMEs found within the WCA, showing size, fishery production and
relative economic value by sector. Fishery data are for 2014 and represent reconstructed
estimates based on the FAO FishStat) database
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Data sourced from: www.seaaroundus.org.

The broad, multi-species groups of greatest importance to fisheries of the WCA are
given in Table 9.1 by LME and are considered separately in Section 9.3. These include
coastal benthic and reef-associated species of which there are over 100 commercially
important finfish species belonging to many different families such as snappers
(Lujanidae), groupers and hinds (Serranidae), grunts (Haemulidae), squirrelfishes,
(Holocentridae), parrotfishes (Scaridae), surgeonfishes (Acanthuridae), triggerfishes
(Balistidae) and wrasses (Labridae) inter alia. This group also contains the high-value
shellfishes such as queen conch (Strombus gigas), spiny lobster (Panulirus argus),
American cupped oyster (Crassostrea virginica), quahog clam (Mercenaria mercenaria),
blue crab (Callinectes sapidus) and octopuses (common, Octopus vulgaris; red, O.
maya). The coastal schooling pelagic finfish group includes many species of sardines and
pilchards (Clupeidae) (e.g. Gulf menhaden, Brevoortia patronus; Brazilian sardinella,
Sardinella brasiliensis), anchovies (Engraulidae) and jacks (Carangidae). The benthic
continental shelf shrimp and groundfish group contains the penaeid shrimps (e.g.
various pink and brown species, Farfantepenaeus spp.; white shrimps, Litopenaeus spp.;

seabob, Xyphopenaeus kroyeri), weakfishes (e.g. Cynoscion spp.; bangamary, Macrodon
ancylodon), croakers (e.g. corvina, Micropogonias furnieri) and sea catfishes (Ariidae).
Another commercially important group is the deep-slope benthic finfishes including
deepwater grouper species (e.g. misty, Epinephelus mystacinus; red, E. morio), deepwater
snappers (e.g. southern red, Lutjanus purpurens; queen, Etelis oculatus; vermilion,
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Rhomboplites aurorubens) and greater amberjack (Seriola dumerili). Also important is
the highly migratory oceanic pelagic finfish group including the common dolphinfish
(Coryphaena hippurus), wahoo (Acanthocybium solandri), mackerels (Scomberomorus
spp.), small tunas (e.g. skipjack, Katsuwomis pelamis, blackfin, Thunnus atlanticus), large
tunas (e.g. yellowfin, Thunnus albacares; bigeye, T. obesus; albacore, T. alalunga), and
billfishes such as blue marlin (Makaira nigricans), white marlin (Kajikia albidus), Atlantic

sailfish (Istiophorus albicans) and swordfish (Xiphias gladius).

9.2 IMPACTS OF CLIMATE CHANGE ON THE MARINE ENVIRONMENT

The climate change stressors on the marine environment of greatest significance to
fisheries in the WCA are increasing sea surface temperature (SST), ocean acidification
(OA), sea level rise (SLR) and increased frequency of extreme weather events (e.g.
storms, hurricanes, precipitation anomalies). The projections published in the most
recent assessment (AR5 2013 to 2014) of the Intergovernmental Panel on Climate
Change (IPCC) are considered here, together with global climate change models
downscaled to smaller regional scales where available.

9.2.1 Physical and chemical

Sea surface temperature

With respect to the WCA, air temperatures could rise between 0.5 °C to 0.9 °C by
2100 for the lowest carbon emissions scenario (representative concentration pathway —
RCP2.6) and in excess of 4 °C under RCP8.5. This will ultimately cause SSTs to rise
considerably, but the increases are likely to be variable across the region. For example,
SST increases to date have shown considerable disparity across the WCA, influenced
by major sea surface currents. The North Brazil Shelf is considered among the slow to
moderate warming LMEs of the world with a 0.38 °C increase in SST over the period
1957 to 2012, whilst the Caribbean and GOM are among the slow warming LMEs with
increases of 0.15 °C and 0.16 °C respectively, and the SE USA shelf LME has actually
cooled by 0.28 °C over the same period (Belkin, 2016). Regional downscaling of global
models indicates that the present spatial heterogeneity of SST in the Caribbean basin
will change during this century from a seasonal warm pool that expands out from the
Western Caribbean each spring/summer and retracts each fall/winter, to be replaced
by two warm pools centred over the Western and Eastern Caribbean that will merge,
blanketing the entire region (Nurse and Charlery, 2016). As a result, the small annual
range in SST, characteristic of this area, will continue to decrease from a current average
of 3.3 °C to just 2.3 °C by the end of the century, such that seasonal “warm” and
“cool”periods will become less differentiated over the coming decades.

Increasing SSTs over most of the region will mean stronger ocean temperature
stratification and reduced oxygen content in the upper layers. Concomitantly,
increasing air temperatures have promoted a poleward shift in the large-scale
atmospheric Hadley circulation that dominates the tropics and has resulted in a
northward shift of the intertropical convergence zone and weakening of the trade
winds that drive surface circulation and upwelling in this region (Taylor et al., 2012).
A shallowing of the oxygen minimum layer (representing a hypoxic habitat boundary
for high oxygen demand species) has already been observed in the tropical Atlantic
(Stramma ez al., 2012), diminished upwelling and increased stratification have been
recorded in the southern Caribbean off the Bolivarian Republic of Venezuela (Taylor
et al., 2012) and seasonal dead zones (lacking sufficient oxygen) in the northern GOM
are continuing to expand every summer (Helleman and Rabalais, 2009). In addition,
the Atlantic meridional overturning circulation (AMOC), a branch of the global
thermohaline circulation is predicted to slow down under future climate change.
This will further affect the North Brazil Current, the dominant feature of the North
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Brazil LME and responsible for bringing episodic nutrient-enriched, lower salinity,
South Atlantic water (and pelagic sargassum seaweed) into the Caribbean, because it is
strongly linked to the AMOC and to surface winds (Riihs ez al., 2015). This change in
the North Brazil Current is expected to affect the strength of the Caribbean Current,
and will result in a decrease in the strength of the Yucatan and Loop currents in the
Gulf of Mexico (Ward and Tunnell, 2017) and a weakening of the Gulf Stream. The
latter has already been implicated in the slight decrease in the SST recorded for the SE
USA shelf (Phillips and Perez-Ramirez, eds., 2017).

Ocean acidification

In the WCA, a recorded decrease in the pH of the open sea has followed the global
trend and has been accompanied by a sustained decrease in the aragonite saturation
state (Qar) (albeit seasonally and spatially variable as influenced by SST and salinity)
from an annual mean value of Qar 4.05 to 3.39 in just 11 years (1996 to 2006; Gledhill ez
al., 2008). With increases in mean atmospheric pCO, to 450 patm, the Qar values in this
region are expected to reach 3.0-3.5, whilst pCO, reaching 550 patm will reduce Qar to
<3.0, a value associated with net erosion of coral reef framework (Gledhill ez al., 2008).

Sea level rise

Over the last six decades the mean SLR of 1.8+0.1 mm/yr recorded for the wider
Caribbean region has tracked the global mean value (Palanisamy ez al., 2012). However,
the annual rate of SLR has increased significantly in this century and for the WCA
region mean sea level is projected to increase by between 0.35 to 0.65 m (depending
on which emissions scenario is followed) by the end of this century (2081 to 2100)
relative to the period 1986 to 2005 (Church er al., 2013). The multiple factors affecting
local SLR vary across the WCA (e.g. the Mississippi delta in the GOM is experiencing
relative SLR three times greater than world average) and the coastal impact of increases
in mean sea level also varies regionally with tidal range and frequency of storm surges
(SS; Losada et al., 2013). This implies that the Caribbean and GOM, both of which
experience micro-tides and increasing SS, will be most affected, whilst the North
Brazil LME with its macro-tides and lower storm frequency will be least affected.
Comparing the decades of 1950 to 1960 and 1998 to 2008, SLR has already led to a
significant increase (20 percent to 60 percent) in the frequency of sea level extremes
across the Caribbean, whilst there has been little to no change along the North Brazil
Shelf (Church et al., 2013; Losada et al., 2013).

Extreme weather events

The IPCC AR5 recognizes that unusual extreme weather events have been affecting the
WCA (especially the Caribbean, GOM and SE USA) region over the last few decades
(Magrin et al., 2014). There is also evidence that more tropical storms in the Atlantic are
developing into dangerous category four and five hurricanes (Murakami, Mizuta and
Shindo, 2012). Projections indicate that further enhanced hurricane intensity is likely in
this region under climate change with continued increases in SSTs, although the current
understanding of tropical cyclone generation and frequency is still limited.

9.2.2 Biological and ecological

Increasing SSTs, OA, SLR and extreme weather events driven by climate change
have already had significant impacts on essential coastal habitats and the wider
ocean ecosystem of the WCA, and have certainly exacerbated the impacts of chronic
anthropogenic stressors on marine communities such as overfishing and poor water
quality linked to coastal development and agriculture (e.g. Jackson ez al., eds., 2014).
In particular, coral reefs in this region have suffered large declines in live coral cover
in recent decades due to high SST-induced mass coral bleaching events and associated



192

Impacts of climate change on fisheries and aquaculture

mortality (especially in 1998, 2005 and 2010; Eakin et al., 2010). Furthermore, such
events are predicted to increase in frequency and even become annual events in this
region by the mid-twenty-first century (van Hooidonk er al., 2015). Contributing
to the degradation of coral reefs is the increasing prevalence of coral diseases linked
to increasing SSTs (Bruno and Selig, 2007), and larger more damaging storms in the
Caribbean, GOM and SE USA (such as those experienced in 2005 and 2017). As a
result there has been a significant loss of reef architectural complexity (Alvarez-Filip ez
al., 2009), a loss of coral reef species (Newman et al., 2015), changes in the dominant
species assemblages and, in some cases, a complete phase shift to algal dominated
reef communities (e.g. Hughes et al., 2007) providing significantly altered ecosystem
services. Many coral reefs in the region are already experiencing significant reductions
in carbonate production rates with 37 percent of surveyed sites showing net erosion
(see Melendez and Salisbury, 2017 and references therein).

Other tropical and subtropical essential habitats such as seagrasses, mangroves
and estuarine salt marshes are also being impacted. Within the Caribbean and Gulf
of Mexico basins in particular there have been significant declines in seagrasses (van
Tussenbroek er al, 2014; Ward and Tunnell, 2017), although much of it caused
by chronic anthropogenic stressors other than climate change, such as coastal
development and eutrophication (increased nutrient load). Likewise there have
been substantial declines in mangroves across the WCA caused largely by coastal
development (including aquaculture) and timber harvesting (Ward et al., 2016). Under
future climate change, mangroves in the WCA are expected to be most impacted in
the Caribbean (especially the SIDS with significant coastal infrastructure development
and limited coastal land for mangrove habitat to retreat inland) and GOM because of
the micro-tidal regime and increasing storm intensity in these LMEs. In the SE USA
there is some evidence that the distribution of mangrove habitat has already responded
to increasing temperatures through a northerly extension along the southeast coast
and this is expected to continue (Phillips and Perez-Ramirez, eds., 2017). Extensive
mangroves along the coast of the North Brazil LME will be least affected given the
macro-tidal regime and rarity of catastrophic storms here (Ward ez al., 2016).

Estuarine environments are being affected by changes in freshwater inflow and
SLR and those with high nutrient loads, particularly in the GOM, have been further
impacted by climate change associated increases in SST resulting in an increase in the
size and extent of summer “dead zones” (seasonal hypoxia) where oxygen levels in the
water column are too low to support most marine life (Phillips and Perez-Ramirez,
eds., 2017; Tunnell, 2017). Seasonal hypoxia is expected to become more severe with
increased rainfall and warmer water (Phillips and Perez-Ramirez, eds., 2017).

Increasing levels of eutrophication and increasing SST together also enhance
the blooming of pelagic (floating) algae, resulting in more frequent “green tides”
and toxic algal blooms (Smetacek and Zingone, 2013). Such events are becoming
more common in the WCA, and since 2011 the wider Caribbean region has been
experiencing unprecedented influxes of pelagic sargassum (Franks, Johnson and Ko,
2016). These extraordinary sargassum blooms, entering the Caribbean Sea through the
Lesser Antilles as large floating mats of algae, have resulted in mass coastal strandings
throughout the region and significant damage to critical coastal habitats such as mass
mortality of important seagrass beds and associated corals through shading, anoxia
and excessive nutrient loading (van Tussenbroek et al., 2017). Changes in biological
productivity of any of the coastal habitats will have impacts on their ecosystem services
and the trophic linkages among them, and will affect both the nearshore and the
oceanic pelagic food chain such that impacts will not be limited to these coastal areas.



Chapter 9: Western Central Atlantic marine fisheries

193

9.3 EFFECTS OF CLIMATE CHANGE ON FISHERY RESOURCES

The key climate change stressors will have numerous interrelated impacts on
commercially important fishery species in the WCA, through 1) direct effects on
their physiology and life processes (e.g. neurotransmission, respiration, growth
and development rate, reproduction, longevity); and 2) indirect effects arising from
significant impacts to essential habitats affecting nursery areas, living space, refuge and
predator-prey relationships; and from physical and biological oceanographic changes
affecting survival, dispersal and settlement of early life history stages, and migration
and distribution ranges of adults, inter alia. Together these are expected to significantly
affect the distribution, abundance, seasonality and fisheries production of the key
fishery resources in the WCA (see Oxenford and Monnereau, 2017 for a detailed
review of the literature). Although there is a relative dearth of studies on the impacts of
climate change specifically on fishery species in the WCA (Oxenford and Monnereau,
2017), implications can be drawn from the literature covering similar species from
outside the region and projections for climate change stressors within the WCA. Here
we consider implications for the main fishery species groups important to the WCA
(shown by LME in Table 9.1).

9.3.1 Coastal benthic and reef-associated species

The impact of climate change on this group (reef fishes, molluscs, spiny lobsters and
crabs) although highly species-diverse, is almost undoubtedly the most serious of the
commercially important fishery groups across the WCA. Their particular vulnerability
arises from the fact that: 1) most species are highly reliant on critical coastal habitats
(coral reefs, mangroves, estuaries) that are themselves already significantly degraded,
not only from climate change stressors, but also from other anthropogenic activities
(e.g. coastal development, sewage and agricultural runoff, over-harvesting); 2) they
have biphasic life histories involving a pelagic early life stage and a requirement to
settle in specific benthic nursery habitat for development into juvenile through to
adult stages; and 3) many of these stocks in the WCA are already compromised by
overfishing, significantly reducing their genetic biodiversity, productivity and hence
resilience to further environmental changes.

Of particular concern are those species with an obligatory relationship to coral
reefs, one of the most sensitive of all marine ecosystems to climate change and other
anthropogenic stressors. Research to date has identified significant negative impacts on
tropical reef fishes, conchs and spiny lobsters not only from loss of nursery and adult
habitats, but also from increasing SST and OA (see Oxenford and Monnereau, 2017
for review).

Reproduction in reef fishes examined to date shows a high sensitivity to SST, with
reduced pairing, lower fecundity and smaller eggs and larvae being produced, or even
a complete cessation of spawning at climate change-relevant increases of 1.5°C to 3 °C
(Pratchett, Wilson and Munday, 2015). Temperature is an important spawning cue,
not only for reef fishes (e.g. Erisman and Asch, 2015) but for many other species in
this group including conch (Aldana Aranda et al., 2014) and spiny lobster (Phillips and
Perez-Ramirez, eds., 2017). There is also evidence that pelagic larval duration (PLD)
of many species will be shortened by small increases in temperature. As such, changes
to SST will have far-reaching effects on the reproductive success of this commercially
important group by affecting spawning behaviour (timing and/or location), the
quality and quantity of reproductive output (eggs/larvae) and the PLD which will
affect the dispersal, survival and settlement success of larvae as a result of potential
mismatches with other environmental factors that ensure adequate food and return of
post-larvae to suitable settlement habitat. Spiny lobsters with their uniquely long PLD
(6 to 12 months) are particularly vulnerable (Phillips and Perez-Ramirez, eds., 2017).
Unlike those of temperate and polar species, growth rates in adult tropical reef fishes
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have also been shown to slow down with marginal increases in SST (Munday et al.,
2008). Increasing SST has also been implicated in disease outbreaks in commercially
important species in this group in the WCA, such as oysters in the GOM (Phillips
and Perez-Ramirez, eds., 2017; Tunnell, 2017). Furthermore, the Panulirus argus
Virus 1 (PaV1) which is usually lethal to juvenile Caribbean spiny lobsters is likely
dispersed via pelagic larval stages, demonstrating how any climate-induced changes in
the hydrology of the Caribbean Sea could significantly affect the spread of the disease
(Kough et al., 2015).

As OA increases, affecting the concentration of ions (especially HY) in seawater,
calcifying organisms will find it increasingly difficult to build calcareous skeletons and
shells, although the impact on the region’s important shellfish species (queen conch,
spiny lobster, cupped oysters, quahog clams, penaeid shrimps) to near-future ocean
pH levels is largely unknown. OA has also been shown to result in impairment of a
diverse suite of sensory and behavioural abilities in reef fishes, especially the early life
history stages which affect the ability to escape predation, habitat selection and timing
of settlement to coral reef habitats (Devine, Munday and Jones, 2012).

Increased storminess, changes in precipitation and SLR in the WCA have already
impacted other important species in this group. For example, many important oyster
reefs in the GOM have been smothered by sediments as a result of hurricanes in
recent years (Phillips and Perez-Ramirez, eds., 2017; Tunnell, 2017). Blue crabs,
heavily reliant on healthy estuaries for reproduction, recruitment and survival, are
particularly vulnerable to changing patterns of salinity linked to SLR and/or changes
in precipitation patterns (Tunnell, 2017).

Reduced population sizes and productivity are expected across this multi-species
group under near-future climate change, with significant impacts on production of
SSFs across the region, particularly in the SIDS of the Caribbean LME where reef-
associated species are often exclusively targeted (Table 9.1).

9.3.2 Coastal schooling pelagic species
Most of the coastal pelagic species (e.g. menhaden, sardinella, anchovies) are highly
reliant on critical estuarine habitats (mangroves/saltmarshes) which, like coral reefs,
are particularly sensitive to climate change, in particular SLR and storminess, and
other anthropogenic stressors. Under increasing SSTs, coastal pelagic fishes, especially
menhaden in the GOM, will be increasingly affected by the enlarging seasonal areas of
hypoxia, resulting in direct mortality or sub-lethal effects such as reduced growth and
impaired reproduction (Langseth et al., 2014). Small schooling pelagics also typically
have short life spans, meaning that response time of populations to climate change
will be rapid. For example, menhaden population abundance in the GOM is highly
sensitive to interannual changes in SST and salinity, which have resulted in significant
impacts on fishery production in this region. Off the coast of the Bolivarian Republic
of Venezuela, climate-induced reductions in seasonal coastal upwelling have been
associated with a change in phytoplankton productivity and a coincident 87 percent
drop in catches of planktivorous sardines at Margarita Island (Taylor ez al., 2012).
Localized (subregional) reductions and increased interannual variability in
productivity of these coastal pelagic species are expected under near-future climate
change across the WCA, significantly affecting fisheries production in GOM and
North Brazil Shelf LMEs with large industrial fisheries for these species (Table 9.1).

9.3.3 Continental shelf shrimp and groundfish species

The penaeid shrimp and groundfish (e.g. weakfishes, croakers, sea catfish) species in
this group mostly rely on estuarine nursery areas, and offshore deeper soft bottom
areas as adults. The early life stages will therefore be particularly vulnerable to further
degradation of estuarine habitats expected under climate change and continuing
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eutrophication (e.g. changes to salinity, increased hypoxia), although, the adult habitats
will likely be less impacted by climate change and adults could probably move to
deeper offshore soft-bottom habitats. This group also has biphasic life cycles and will
therefore share the same potential threats posed to early life stages as all of the other
fishery groups (i.e. shorter PLDs and changing currents impacting successful dispersal
and delivery of new recruits to suitable estuarine settlement habitats and nursery
grow-out areas for population replenishment) and the early life stages will also be
vulnerable to the myriad of potential effects of elevated SST and OA, with the latter
likely to impact shrimps in particular. Penaeid shrimps in the northern GOM where
the development of seasonal hypoxic areas is particularly severe and increasing under
climate change are expected to suffer significant impacts, since the adults will be unable
to pass through the hypoxic zones to spawn in open water (Tunnell, 2017).

Declining productivity of shrimp and groundfish populations are expected in
the WCA over the near- to medium-term with significant reductions in fisheries
production in the North Brazil Shelf, continental countries of the Caribbean, and the
GOM where these species are targeted by industrial fleets and SSFs (Table 9.1).

9.3.4 Deep slope species

The impacts of climate change on this group (e.g. snappers, groupers) in the WCA have
received little to no specific attention, but, considering their biological characteristics
(biphasic life history; use of shallow reefs and associated habitats as nursery areas; use
of reef spawning aggregation sites) and current exploitation status, the impacts are
likely to be similar to, or perhaps slightly less severe than, the coastal reef-associated
species group. The fact that the species in this group tend to be longer lived than
their shallower relatives, means however, that the impacts of climate change on stock
biomass and abundance will likely be delayed, but any recovery will also take longer.
Likely declines over the near- to medium-term will particularly affect the fisheries
production of the GOM and North Brazil LMEs where these species are particularly
important (Table 9.1).

9.3.5 Oceanic pelagic species

This group of highly migratory large pelagic species (billfishes, large tunas) and smaller
more regionally migrating species (dolphinfish, wahoo, mackerels, small tunas) have
also received little attention in this region, but will likely be less impacted by climate
change, at least in the short-term, than the other four groups. This is largely because
of their high mobility, lack of a biphasic life history, less vulnerable reproductive
behaviour, and the fact that the open ocean is less impacted by other anthropogenic
stressors than coastal habitats. Furthermore, the regionally migrating species are also
generally not overexploited and therefore more resilient to future change.

Nonetheless, for many species, increases in SST will mean changes to their
productivity and distribution as they move northwards and out of the WCA area to
more favourable temperatures. For some species, such as bluefin tuna, this could mean
abandoning their spawning area in the GOM (Mubhling et al., 2011).

As such, reductions in productivity of the oceanic pelagic species are expected
over the medium- to long-term, affecting fisheries production across the WCA, but
especially in the Caribbean and SE USA LMEs where ocean pelagic species are among
the top species landed and also support significant recreational fleets (Table 9.1).

9.4 SOCIAL AND ECONOMIC IMPLICATIONS OF CLIMATE CHANGE

Despite some progress made in advancing climate change science in the WCA in recent
years, there are very few impact studies focused on social and economic implications
for the fisheries sector. Furthermore, there have been no quantitative studies specifically
related to impacts on changes in fisheries production, fish size or fish distribution for
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the region or the direct socio-economic consequences thereof. Here we consider food
security, livelthoods, economic and fisheries management implications of climate
change for the fisheries sector of the WCA. This is based on the observed and expected
changes in fishery resources within this region (see Section 9.3), the heterogeneous
nature of the region’s fisheries (see Section 9.1) and the additional observed and
expected direct impacts of climate change on the harvest and post-harvest sectors.

9.4.1 Food security

The fisheries sector of the WCA is important to food security with an annual harvest
in excess of an estimated 2.3 million tonnes (2014 data, see Table 9.1). Fisheries are
especially important to food security within the Caribbean and the North Brazil LME
where: fish consumption (per capita supply) is well above the world average in many
of the SIDS (Table 9.1); fish represents more than 20 percent of the animal protein
consumed in Guyana and French Guiana (FAO, 2016a); subsistence fishing is still
important; and SSF contribute more than 55 percent of total landings by weight and
60 percent by value (Figure 9.2). Personal income derived from the fisheries sector is
also important in this region, in providing financial access to food.

Climate change is expected to negatively affect food security in the WCA by
reducing species’ productivity and availability and hence reducing fishery catch per
unit effort (CPUE) and ultimately total landings in all of the main fishery species, but
especially the reef-associated species group which supports mostly SSF. The coastal
pelagic species will also be impacted in the short-term, but will have fewer implications
for food security at the regional level given that most landings in this species group
across the WCA are by industrial fleets and used for non-consumptive products (e.g.
fish meal, fish oil). The impacts on food security are expected to be greatest in low-
income fishing communities where subsistence fishing is still important (or where
at least some of the commercial catch is always retained by the crew for personal
consumption); where fish are generally consumed locally, or sold and used for income;
and where populations are often already vulnerable and food insecure.

More intense and frequent extreme weather events are also expected to have
negative impacts on food availability, accessibility, stability and utilization. The poor
will face the greatest risk of food insecurity as a result of loss of assets (e.g. fishing
boats, engines and gear) and lack of adequate insurance coverage. Increasing SST's and
extreme weather events such as hurricanes are expected to increase the geographic
extent and occurrence of ciguatoxic reef fish (Tester ez al., 2010). As such, food security
in the region is expected to be affected by increases in ciguatera fish poisoning in
humans, which will affect trade in reef fishes and the health of local communities, since
consumption of ciguatoxic fish can lead to gastrointestinal distress, severe neurological
and cardiovascular symptoms that can persist for months or even years and, in rare
cases, can result in death (Tester et al., 2010).

Fisheries for high value species (e.g. snappers, groupers, shrimps, conchs, spiny
lobsters, large tunas) in the North Brazil LME and the Caribbean (e.g. Guyana,
Suriname, the Bahamas, Belize, Grenada, Jamaica) are often export-oriented and
generate significant foreign earnings. As fisheries face increasing pressures from climate
change impacts as well as other challenges, coupled with human population increases,
it will become more critical for countries to consider their policy options regarding the
relative advantages of trading fish internationally versus having fish available for the
domestic food market.

9.4.2 Livelihoods

The fisheries sector of the WCA generates landings valued in excess of USD 6.1 billion
annually (2014 data, see Table 9.1) and helps support the socio-economic viability
of coastal communities across the entire region by providing direct employment,
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livelihood and benefits to thousands of people across 42 countries. Expected reductions
in the productivity of the region’s fishery resources (especially in the reef-associated
group), increased interannual variation in availability (especially in the coastal pelagics
group), and changes to their distribution (to cooler water) as a result of climate change
(Section 9.3) means that fishers in the WCA are expected to face declining catches,
lower CPUE, lower fishery-related income and increased levels of conflict. This would
especially affect the large number of small-scale coastal fishers targeting benthic, reef-
associated species in the region, as they would be forced to fish longer and may need
to travel further and/or fish deeper, change their target to offshore pelagic species or
find alternative employment outside the fishery sector to maintain their income. The
implications include: reduced fisher safety (e.g. travelling further offshore, diving
longer and deeper); the need to invest in training and new gear (e.g. mechanized reels,
fish aggregating devices) and new and/or larger boats and engines; and increased levels
of income uncertainty. This could in turn lead to more demands on government social
security and unemployment benefits.

Climate change stressors such as SLR and increased severity of hurricanes in this
region will continue to have significant negative impacts on: fisheries infrastructure (safe
harbours, jetties, coastal markets, landing sites); gear (boats, fishing equipment); and
coastal fishing communities (housing, facilities), especially in the micro-tidal, storm-
prone Caribbean and GOM LMEs. For example, in 2017 alone, two of the strongest
hurricanes ever recorded caused extensive damage to the fisheries sectors of several
Eastern Caribbean SIDS? (Horsford, 2017). This will translate into significant economic
losses especially for SSFs since most small-scale fishing enterprises, particularly in the
Caribbean, are privately owned and currently have no access to affordable insurance.
This was revealed by Tietze (forthcoming) who reported that 97 percent of fishers in
the 11 Caribbean countries studied have no insurance for their boats or other assets,
indicating high economic risk for a significant number of fishers in this region under
future climate change. Fishers could very well be left without a safety net or access to
financial resources to cope with an increasingly difficult economic situation. In other
areas, such as the GOM and SE USA, where storms and hurricanes have severely
disrupted or destroyed the infrastructure necessary to support fishing in the recent past,
insurance is more readily available in the harvest and post-harvest sectors. However,
although fishers in these areas are generally insured, the recovery is often a slow process,
having to settle insurance claims before the repair and restart of fishing operations.

The ability of fisherfolk to cope with climate change depends on a variety of factors
including the existing cultural and policy context, as well as socio-economic factors
such as social cohesion, household composition, gender, age, and the availability and
distribution of assets and economic alternatives. In the Caribbean area whilst men
typically dominate the harvest sector, women play a critical role in the post-harvest
sector in fish processing and trade and also in ancillary activities, such as financing
(McConney, Nicholls and Simmons, 2013). As such, in this area as well as the North
Brazil LME, women will be the most disadvantaged by the negative impacts of climate
change in the post-harvest sector.

9.4.3 Economic

As fish resources in the WCA become less available and the CPUE decreases (resulting
in lower profits), and more high intensity storms occur in the coming decades (resulting
in higher risks), investments in the fisheries sector will become less attractive in this
region (Monnereau and Oxenford, 2017). Climate change has the potential to impact
the fisheries sector at the national level in the WCA through various pathways, for

2 10 Oct 2017. FAO assesses the impact of Hurricanes Irma and Maria on agriculture sector in Antigua and
Barbuda, Dominica and St. Kitts and Nevis. http://www.fao.org/americas/noticias/ver/en/c/1043252/
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example, by alterations in revenues for governments as a result of changes in total fish
production volumes available for the local and export markets; changes in the ability of
nations to achieve food security; and the necessity to make changes to fisheries policies
and legislation. The impacts of these on economic development can be expected to
differ by country, especially given the diversity of countries in this region (from
some of the world’s richest to poorest). For example, changes in availability of high-
value species that support export-oriented fisheries will impact export trade volumes
and national economies (especially in the SIDS). High value species that are not
exported are generally sold directly to high-end markets such as hotels and restaurants
supporting the local tourism industry. With the expected decline in availability of
these resources, the tourism sector will have to look for alternatives, possibly driving
up market prices of species consumed by the local population. Alternatively, more
fish will have to be imported to satisfy tourist demand, in a region that is already
importing most of the fish consumed. For example, the Caribbean region is currently
a net importer of fish with an astounding USD 8.5 billion deficit between exports and
imports of fish products to the region (FAO, 2016b). Decreases in foreign exchange
for countries because of declining exports of high value fish species could thus have
implications for a country’s food import bill, an important issue especially for many
SIDS with little available land for local food production. Processing plants relying on
local fish resources will be affected by decreasing sales unless they invest in developing
more value-added products, which will in turn have implications for local employment
opportunities, particularly for women.

9.4.4 Fishery management

Fish resources in this region are typically transboundary and shared among multiple
nations over short distances (especially in the North Brazil and Caribbean LMEs).
Climate-induced changes to their distribution and abundance could therefore impact
fisher access under current management arrangements, and may require changes
to multi-lateral or international agreements and quotas. For example, changes in
distribution of tunas and tuna-like species as a result of rising SSTs and changes to
ocean circulation patterns, could lead to a need for renegotiating ICCAT quotas among
member states (Mahon, 2002). On a smaller regional scale, change in the abundance and/
or distribution of flyingfish (Hirundichthys affinis), a key fish species in the Eastern
Caribbean, which may be occurring as a result of the climate change related influxes
of sargassum to the area (Franks, Johnson and Ko, 2016), could affect the relevance of
limit and target reference points agreed to in the recently adopted Eastern Caribbean
sub-regional Flyingfish Management Plan. Likewise, the recent influxes of sargassum
have raised concern about the large numbers of small juvenile dolphinfish that are
now being caught by pelagic fleets in the Lesser Antilles, which has highlighted the
need to agree upon and impose a minimum legal size for dolphinfish in this subregion
(Monnereau and Oxenford, 2017).

Reduced availability of fishery resources will increase fisher competition resulting
in increased levels of conflict and the likelihood of increased illegal, unreported and
unregulated fishing, requiring management interventions and improved surveillance
and cooperation between nations. There is also likely to be an increasing level of
tension between different stakeholder groups using marine space and resources for
different purposes. For example, climate change could exacerbate existing conflicts
between extractive and non-extractive user groups requiring policy decisions on how
resources are to be shared among groups and on new regulations to control access.

The effectiveness of management regulations such as closed areas and seasons,
gear limitations, and minimum sizes may be affected by climate change impacts.
For example, closed areas (fishery reserves, marine protected areas) may currently
be protecting spawning stock biomass of important commercial species, or critical
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locations such as nursery grounds, fish spawning aggregation sites (SPAGS), regions
that feature high species diversity or high rates of endemism, and areas that contain
a variety of habitat types in close proximity to one another. However, under climate
change, the locations and/or ecological health of these critical areas are likely to shift,
highlighting the importance of integrating climate change projections with management
measures. For example, the location of protected multispecies SPAGS located along the
Mesoamerican barrier reef and other islands in the Caribbean might need to be revised
(Erisman and Asch, 2015). Likewise, the timing of closed seasons implemented to
protect the main spawning period for many other species throughout the WCA (e.g.
conch, lobsters, groupers, snappers) are likely ultimately to need changing to match
expected changes in their phenologies. Expected climate-induced changes in genetic
connectivity of stocks, particularly the reef-associated group, could also impact the
effectiveness of current marine reserve networks across the WCA in protecting source
populations. This will need addressing to ensure their continued value in conservation
of spawning stock biomass of commercially valuable species.

Climate change is expected to increasingly exacerbate the ongoing decline of fish
resources in the region, caused largely by overfishing and degradation of the marine
environment. With close to 60 percent of commercially important stocks already
collapsed or overfished in the Caribbean, North Brazil and SE USA LMEs (Table 9.1),
there is clearly a need for more effective and flexible fisheries management and fisheries
policies in the region, that take climate change impacts into consideration.

9.5 VULNERABILITY AND OPPORTUNITIES FOR THE MAIN FISHERIES

The impact of climate change in the WCA is expected to be considerable because of
its high level of exposure to climate change variables, the high economic dependence
on the fisheries sector, and the low adaptive capacity of many of the countries in the
region (Monnereau et al., 2017). This is especially true for the Caribbean SIDS because
of their specific characteristics such as small size, susceptibility to natural disasters,
vulnerability to external shocks, concentration of population and infrastructure in the
coastal zone, high dependence on limited resources including marine resources; fragile
environments, and excessive dependence on international trade (Nurse er al., 2014;
Monnereau et al., 2017). Monnereau et al. (2017) in their recent assessment of climate
change vulnerability of the fisheries sector at the national level across 173 countries
(based on 35 indicators including exposure, sensitivity and adaptive capacity) revealed
that the fisheries sector in SIDS, especially within the Caribbean, and the North Brazil
shelf area, is extremely vulnerable to climate change (Figure 9.3).

FIGURE 9.3
Vulnerability assessment of the fisheries sector to climate change for the Western Central
Atlantic based on 35 indicators. Each country is delimited by its EEZ boundary.
Colours represent relative vulnerability ranked across 173 countries
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Data sourced from: Monnereau et al. (2017).
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9.6 RESPONSES AND ADAPTATION OPTIONS

Responses and adaptation actions to moderate the actual and potential impacts of
climate change, and to take advantage of new opportunities will need to be tailored
to national contexts. With regard to the fishery sector, countries in this region are
generally focusing on adaptation through reducing risks from climate change and
natural hazards, and improving resilience of fisherfolk and aquaculturists (see detailed
assessment of the wider Caribbean region by McConney et al., 2015). Here we
present some examples of national and local level adaptation measures that have been
recommended or are already taking place in the region.

At the national level, adaptation activities within the framework of the international
climate change regime (the United Nations Framework Convention on Climate
Change (UNFCCC) and the Paris Agreement) are set out in countries’ five-year
Nationally Determined Contributions (NDCs). Within the WCA 24 independent
nations have submitted NDCs of which 14 (mostly the Caribbean SIDS) specifically
mention the fisheries sector, but mostly only in the context of highlighting its
vulnerability to climate change. Only two of these countries make specific reference
to fisheries in terms of mitigation, although ten countries list some aspect of fisheries
within their stated adaptation plans. Proposed actions include: general improvements
in fishery habitats (through implementation of marine protected areas, rehabilitation of
mangroves, seagrasses and coral reefs; improved environmental impact assessments; and
integrated coastal zone management); paying greater attention to the role of fisheries
in food security; implementing updated fishery legislation; and considering alternative
livelihood opportunities. Only in a few cases are concrete and specific measures
listed such as provision of affordable insurance schemes for fishers (in Dominica,
and Antigua and Barbuda). In several NDCs the need for additional (international)
financing is highlighted, as well as the need for technical support, including capacity
building and technology transfer in order to carry out the mitigation and adaptation
measures. Further, there is no specific mention of the fisheries sector in the nationally
appropriate mitigation actions prepared and submitted to the UNFCCC by six of the
developing nations within the WCA, nor in the very few national adaptation plans.

Factors that can influence the success of adaptation include raising awareness
of climate change impacts on the fisheries sector and coastal communities, as
well as awareness on possible adaptation measures for the fisheries sector. Better
communication and information sharing on these issues can, and in some cases already
has, fostered innovative solutions and development opportunities within the sector.
Other factors affecting success include capacity building activities through training and
education which empower local stakeholders and facilitate collective self-governing
action (e.g. by fisherfolk organizations). Mainstreaming climate change adaptation
(CCA) and disaster risk management (DRM) into new or improved fisheries legislation,
policies and plans is also important (McConney et al., 2015).

A select number of adaptation measures which are already taking place or currently
being developed in the region are summarized here. These activities include anticipatory
and reactive measures as well as private and public initiatives, and are grouped here
under three broad categories.

9.6.1 Innovation and capacity building

® Development of innovative context-appropriate mobile applications designed to
improve early warning and safety of small-scale fishers with regard to approaching
storms and hurricanes inter alia, as well as improving responses to crisis (e.g.

training in methods of recording of damage and losses post-disaster).
e An example of this is the award-winning, open source “mFisheries” suite of
applications, developed by The University of the West Indies in collaboration
with the local fisher community, specifically for smartphone use by SSF in
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Trinidad and Tobago®. This suite has now been tailored for Eastern Caribbean
fishers under the climate change adaptation in the Eastern Caribbean Fisheries
sector (CC4FISH) project, and Fisheries Early Warning and Emergency
Response (FEWER) modules have recently been developed under the Pilot
Programme for Climate Resilience (PPCR) project.
® Improvement in adaptive capacity and resilience of the fishery sector to climate
change through improved safety, improved earnings and savings, and better access
to assets insurance and social security.

e There are many examples of successful hands-on training courses being
provided to SSF across the WCA by various international and regional
non-governmental organizations (e.g. FAO-WECAFC, CRFM), Caribbean
Natural Resources Institute, Gulf and Caribbean Fisheries Institute, Caribbean
Network of Fisherfolk Organisations). These have included sponsored courses
in: improved safety-at-sea; design of safer fishing vessels; use of tracking
devices; improved fish handling; value-added processing; and developing
business skills (see McConney et al., 2015; Monnereau and Oxenford, 2017).

9.6.2 Improving physical environment
* Investments in safer harbours and boat hauling sites as well as other climate-smart
fisheries infrastructure to protect fisheries assets and prevent disruption in the
fisheries market chain.

e Examples of investments in purpose-built safer harbours for SSF in the region
include the Bridgetown Fisheries Complex in Barbados, Grand Riviera fishing
harbour in Martinique, Marigot Fisheries Complex in Dominica, and Basseterre
fishing harbour in Saint Kitts all of which have substantive harbour walls and
haul-out facilities. However, in all cases the facilities are not adequate for the
entire fishery fleet. For example, limited access to sufficient safe harbour space
and hauling sites was a key factor resulting in USD 2.9 million in damages and
losses to the fisheries sector (mostly boats and engines) in Dominica with the
recent passage of Hurricane Maria in 2017 (Government of Dominica, 2018).

* Mitigation of local-level, human-induced stressors that are degrading critical
fishery habitats, and rehabilitation of damaged coastal ecosystems (e.g. coral
reefs, seagrasses, mangroves and saltmarshes) to improve their resilience to future
climate change and maintain their natural ecosystem services.

e There are many small and large initiatives across the region that are relevant
to these challenges. For example the Caribbean and North Brazil Shelf
Large Marine Ecosystems (CLME+) 10-year strategic action plan politically
endorsed in 2017 by 25 countries and six overseas territories across the
Caribbean Sea and North Brazil LMEs outlines many actions to address the
three key threats identified for these LMEs (unsustainable fishing, habitat
degradation and pollution) and their root causes, along with climate change*.

® Another example is the Caribbean Challenge Initiative (CCI), a long-term,
public-private partnership presently covering nine Caribbean countries, which
has at its core, two time-bound “20 by 20” goals to: 1) effectively conserve and
manage at least 20 percent of the marine and coastal environment by 2020, and
2) achieve by 2020 fully functioning sustainable finance mechanisms to provide
long-term and reliable funding for the CCI in each participating country>.

3 http://www.cirp.org.tt/mfisheries
* https://www.clmeproject.org
> http://www.caribbeanchallengeinitiative.org
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9.6.3 Mainstreaming climate change
® Mainstreaming climate change through incorporation into fisheries and coastal
development policies, plans and legislation to improve the effectiveness of
reducing climate change impacts on the fishery sector.

e There are a number of regional examples of on-going efforts in this regard,
such as the comprehensive 2013 to 2021 CRFM-FAO strategy and action plan
for Climate change adaptation and disaster risk management in fisheries and
aquaculture in the CARICOM and wider Caribbean region (McConney et
al., 2015). Under the 2017 to 2020 FAO CCA4FISH project seven countries are
receiving support to put mainstreaming of climate change in fisheries policies,
plans and legislation into practice. This is intended to strengthen regional and
national cooperation and develop capacity to address climate change impacts
and disasters in the fisheries and aquaculture sector (particularly on SSF and
small-scale aquaculture). This also includes development of a protocol to
integrate CCA and DRM into the Caribbean Community Common Fisheries
Policy, and ensure integration at all points in the fish chain (McConney et al.,
2015).

® In the United States of America (covering much of the GOM and SE USA
shelf LMEs) the NOAA Fisheries Climate Science Strategy was developed
in 2015 to help reduce impacts and increase the resilience of the valuable
living marine resources, the people, businesses and communities that depend
on them, through increased production, delivery and use of climate-related
information using a nationally consistent blue-print (Link, Griffis and Busch,
eds., 2015).
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1.

3.

KEY MESSAGES

Projections of climate change for the region are uncertain in comparison to other
regions, particularly regions in higher latitudes.

Ecosystem impacts:

In the extratropical extremes, off Baja California and Ecuador, the major
process determining the ocean dynamics is coastal upwelling, for which strong
debate exists on how it may respond to climate change.

Major threats for the Gulf of California appear to be ocean acidification,
hypoxia and harmful algal blooms.

In the Pacific Central American Coastal large marine ecosystem (LME), high
sensitivity to climate change is related to coastal ecosystems’ degradation.
Overall, impacts are expected from poleward species shifts and local extinctions,
expansion of the globally largest oxygen minimum zone, and coral reef
communities suffering from ocean acidification.

Impacts on fisheries:

For small pelagics, interannual changes and multi-decadal trends will likely
continue to be the dominant drivers of this fishery during this century.

Squid fisheries can be expected to be episodic and opportunistic, with high
variability in abundance and availability, which limits the possibility of
building long-term sustainable industries based on this group.

Although highly uncertain, latitudinal distribution shifts in tuna may affect
industrial and coastal fisheries.

Impacts in shrimp fisheries may be positive because of better recruitment.
Even when small-scale multi-specific fisheries can rapidly adapt to available
resources, many of the species on which they depend are highly vulnerable
because of critical habitat degradation (coral reefs, mangroves, and saltmarshes).

Adaptation options for the fisheries sector include improving research, management,
planning and policy frameworks (including related technical, administrative,
organizational adaptive capacities, and communication). For example:

Modelling-based projections should incorporate historical patterns of fisheries
and climate variability, and better data.
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e The fishing industry may partially cope with climate change by developing
sustainable new fisheries, particularly aimed at deep- and mid-water unexploited
tish and crustaceans.

e Other actions that would help reduce risk in fisheries would be the full
implementation of the FAO code of conduct for responsible fisheries, the
Voluntary guidelines for securing sustainable small-scale fisheries, and the
establishment of information systems aiming to provide early warning of
market price volatility.

e Aquaculture as an adaptation option for the region’s economy and food
security depends on technology development that allows for change between
farmed species, the adequate use of genetically improved and robust organisms,
and adoption of energy and carbon efficient practices.

FIGURE 10.1
The Northeast Tropical Pacific region and the LMEs falling within it
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10.1 INTRODUCTION

10.1.1 The Northeast Tropical Pacific

A total of nine nations share the Northeast Tropical Pacific (NETP) region: Ecuador,
Colombia, Panama, Costa Rica, Nicaragua, Honduras, El Salvador, Guatemala and
Mexico (see Figure 10.1). While this includes fewer nations than some other regions
included in this volume, observed and projected climate trends and their impacts
are diverse, partly because of the different potential responses of the main regional
oceanographic processes to climate change but also because of the substantial
differences in ecological and fisheries-derived characteristics. Based on the analysis
of the variability in sea surface temperature, chlorophyll concentration, primary
productivity, and fisheries-derived ecological indices, Muller-Karger er al. (2017)
found strong dissimilarities between the LMEs along the Eastern Pacific (California
Current, Gulf of California, Pacific Central American Coastal, and Humboldt), not
only in the physical setting, but also in species composition of fisheries landings and
the human-related ecological pressures. An implication of this heterogeneity is that
information should be disaggregated for, at least, the major subregions to better inform
managers and stakeholders about potential impacts, vulnerabilities, and opportunities
for mitigation and adaptation.

Multi-annual predictive skills in climate models largely depend on the model capacity
to capture accurately the internal (local to regional) features and the external forcing
(boundary conditions). For some regions of the world, such as the North Atlantic
and the Southern Ocean, forecasts of multi-annual temperature trends have already
proved useful for decision-making, even promising at the decadal scale (Tommasi ez al.,
2017). For the Eastern Pacific, forecasting is intrinsically more limited because of the
dominant atmospheric forcing and the timescales at which many of the ocean processes
occur. The region is strongly affected by the El Nifio-Southern Oscillation (ENSO; for
which interannual predictability is very low), but also by extratropical activity from the
North Pacific and Atlantic Oceans, and local-to-regional dynamics. In addition, ocean
monitoring and large-scale studies are scarce and mostly based on satellite imagery
analyses. One major implication is that climate change projections for the NETP are
largely uncertain.

10.1.2 Fisheries of the region

The marine fisheries in the NETP include a high diversity of species, fleets and fishing
gears; as a consequence of which, societal impacts are also diverse. Small pelagics
caught include sardine (Sardinops sagax), tropical oil sardines (Opisthonema libertate,
O. bulleri, O. medirastre, Scomber japonicus, Etrumeus teres, Cetengraulis mysticetus,
Oligoplites saltus, O. refulgens, O. saurus), anchovy (Engraulis mordax), etc. Most of
the production takes place in the upwelling areas of Ecuador and the west coast of
Baja California, and inside the Gulf of California, and is caught by industrial fleets,
but coastal fisheries resources are also targeted by artisanal fishers. The historical
annual maximum production, just for sardine in the Gulf of California, was over
500 000 tonnes in 2008, and over 1.2 million tonnes in Ecuador in the mid-1980s.
Jumbo squid (Dosidicus gigas) and octopus (Octopus vulgaris, O. hubbsorum, Octopus
spp-) production exceed 41 000 tonnes per year, over 80 percent of this being jumbo
squid. The fishery for this species occurs in oceanic waters, and vessels are adapted
from the industrial fleet (for example shrimp trawlers), but an opportunistic coastal
fleet also has a prominent and sometimes massive participation that follows pulses in
abundance of the resource. Shrimp (predominantly Farfantepenaeus spp., Litopenaeus
spp-, Solenocera spp., Sicyonia spp., but also Xiphopenaeus spp., Trachypenaeus spp.,
Heterocarpus spp.) is important in seven countries; with a combined average annual
catch close to 60 000 tonnes, with most of the production (over 80 percent) coming
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from the Gulf of California and Gulf of Tehuantepec, both in Mexico. Shrimp fisheries
are usually sequential and multi-specific, and take place on the continental shelf near
the coast, where industrial and small-scale fleets coexist.

Tuna fisheries (over ten different species) are important for all the countries in the
NETP. In recent years, the average yearly production in the region has been around
140 000 tonnes. The largest catches are obtained by industrial fleets operating in
oceanic waters, using both seines and longlines, but there are also continuous small-
scale operations along the coastlines of the different countries. In general, it is estimated
that resource exploitation remains at levels close to the maximum sustainable yield.
Sharks; mostly families Carcharinidae (Carcharinus falciformis, C. limbatus, Prionace
glaunca, among others) and Sphyrnidae (Sphyrna mokarran, S. tiburo, S. lewini), and
rays represented by the orders Squantiniformes (Squatina califérnica), Squaliformes
(Echinorbinus cookie), Hexanchiformes (Hexanchus griseus) and Pristiphoriformes
(Pristis perottet) (34 000 tonnes), lobster, mainly spiny lobsters (Panulirus interruptus,
P. gracilis, P. inflatus, P. penicillatus, P. argus); but also other species of Scillaridae
(2 744 tonnes), and miscellaneous coastal pelagic fish (52 000 tonnes), are reported
as relevant resources in six countries. Other resources such as snappers, mainly
genus Lutjanus spp. (11 500 tonnes) and various crabs (Cancer spp., Callinectes
spp-) (9 000 tonnes) are relevant in five countries; while molluscs such as gastropods
(several genera and species including Haliotis spp., Strombus spp.) (12 000 tonnes),
and bivalves (several families and species, including Crassostrea virginica, Mercenaria
mercenaria, Mya arenaria, Mytilus edulis; Chione spp.) (9 000 tonnes), and several
species of Sciaenids (10 000 tonnes), are relevant in four countries. Other resources
considered important in three or less countries are groupers (family Serranidae, mostly
Epinephelus spp.) (6 500 tonnes), king crab (Paralithodes spp.) (5 900 tonnes), sea
cucumbers (Strongylocentrotus spp.) and other echinoderms (3 700 tonnes), flatfish
(several species of the families Paralichthyidae, Pleuronectidae, Bothidae, Achiridae,
Soleidae and Cynoglossidae) (3 400 tonnes). Catches of the rest of the fisheries are
highly multi-specific and carried out by artisanal, small-scale fleets, with different
degrees of technological sophistication. In some countries, billfish (Xiphins gladius,
Istiophorus platypterus, Makayra indica, M. nigricans, Kajikia albida, Tetrapturus
pflugeri) (2 300 tonnes) are of great importance for sport fishing, and in some cases also
for commercial longline fleets.

In essence, all the above fisheries are subject to some type of control, which varies
according to the type of resource but are mostly traditional strategies such as temporal
or spatial closures, limited access and quotas. Fishing reserves have recently started
to be incorporated. Some resources are considered over-exploited; however, most of
the conventional resources in this region are considered fully exploited (FAO, 2016a).
In general, all fisheries retain large (e.g. shrimp trawl) or small (e.g. squid) degrees of
bycatch. In some cases, these bycatches include threatened species (e.g. sea turtles).
Regulations around this issue depend on the target and bycatch species, and the
existing scientific knowledge. In some cases, such as tuna purse seiners, gillnets, and
shrimp trawls, regulations have succeeded in reducing mortality of threatened species;
while for cases such as the fishery for Totoaba (a species of corvina —family Sciaenidae-
endemic to the upper Gulf of California), greater efforts are still needed.

The fishers are organized in three general models: individuals, cooperatives and
private companies, the latter generally associated with industrial development.
Governance in the fisheries sector in the Latin American countries is institutionally
organized within the central government. Ministries are responsible for decision-
making, and in some cases are supported by a different governmental institution
providing technical and scientific knowledge to support the decisions, and defining
instruments for regulation and control. These entities are also responsible for
implementing control and surveillance actions. In some countries, such as Costa Rica,
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Ecuador and Mexico, non-governmental conservationist entities interact intensively
with the production sector and with government entities, and in some systems assume
a bridging role between government and producers. Internationally, the creation of the
Central America Fisheries and Aquaculture Organization (OSPESCA) stands out, and
established, through the Fisheries and Aquaculture Integration Policy in the Central
American Isthmus, a regional framework for fisheries development planning. Highly
migratory species, particularly tuna, are evaluated and managed by the Inter-American

Tropical Tuna Commission (IATTC).

10.2 OBSERVED AND PROJECTED IMPACTS OF CLIMATE CHANGE ON THE
MARINE ENVIRONMENT

The region includes the extratropical Eastern Boundary Currents: the California
Current System (CCS) in the north and the Humboldt Current system in the south,
both mostly dominated by wind driven coastal upwelling; the Gulf of California, an
enclosed sea hosting a large portion of the total Mexican fisheries production (both in
volume and value) and the region from the southern part of the Gulf of California to
Colombia (the Pacific Central American Coastal LME), where a warm and relatively
low productivity coastal system coexists with a highly seasonal group of ocean
enrichment systems off the Gulf of Tehuantepec (Mexico), Papagayo (Costa Rica),
Panama, and the Costa Rica Dome.

Temperature trends are diverse through the NETP, with the strongest warming
occurring off Central America (Lluch-Cota ez al., 2013), where several components
of the biological communities are already exposed to suboptimal conditions. Hypoxia
represents a major issue, as the oxygen minimum layer, lying between the pycnocline
and intermediate waters, is remarkable in this region for its size and degree of hypoxia
(Fiedler and Lavin, 2017). Ocean acidification may also represent a reason for concern,
as projections reveal this is one of the regions more rapidly reaching aragonite
limitation for coral reef development under future scenarios. Other indirect effects,
such as reshaping of ecosystems and food webs may also prove important.

In the extratropical extremes, off Baja California and Ecuador, the major process
determining the ocean dynamics, including surface temperature, oxygen, pH, and
primary productivity, is coastal upwelling. Despite being of major scientific interest
today, there is still strong debate on how this process might respond to climate change.
At the global scale, ocean stratification has increased as a result of the gain of heat in
the surface layer, resulting in more wind energy being required to bring deep waters to
the surface through upwelling. However, some evidence indicates that wind strength
is increasing, at least in some of the major coastal upwelling systems, as a result of
the differences in warming rates between land and ocean (Bakun, 1990). Whether
wind stress can offset the increased stratification is of paramount importance when
projecting climate change impacts in these highly productive systems.

Increased upwelling is expected to enhance primary productivity, and therefore the
food that is available to fish. However, the export of organic material from the surface
to deeper layers may increase microbial activity and oxygen depletion. Once this water
returns to the surface through upwelling, benthic and pelagic coastal communities could
be exposed to acidified and deoxygenated water, which would affect marine biota and
the ecosystem structure of the upper ocean. Shelf hypoxia conditions have been well
documented for some upwelling systems, including the CCS, and even blamed as the
potential mechanism shaping the dynamics of the small pelagic species (Bertrand er al.,
2011). Another scenario could be that increased primary productivity could sequester
carbon and export it to other regions through direct advection and through the
movement of pelagic fauna. On the other hand, decreasing upwelling activity would
directly limit the productivity of important fisheries, such as small pelagics.
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Within the Gulf of California, a positive but slow, long-term warming trend has
been reported for the twentieth century. However, when looking only at the last 50
to 60 years, during which time the global surface air temperature series shows the
fastest increase, no significant warming trend can be detected and, in fact, the slope
is negative (Lluch-Cota et al., 2010). Further, paleo-reconstructions have shown that
wintertime temperatures have been similar during the last 170 years. In addition,
annual temperature amplitude is highly variable between years, with changes occurring
everywhere in the Gulf except for the region around the Midriff Islands. Statistical
relationships between these variations in annual amplitude and climate signals have
proved to be significant only in ENSO-related processes. Ocean circulation models
at the scale of the Gulf, forced with downscaled Intergovernmental Panel on Climate
Change (IPCC) scenarios, have resulted in very small differences between future and
present conditions, and much smaller than those observed during interannual (ENSO-
like) events. Therefore, it can be argued that with the currently existing observations
and models, no reliable long-term projection of climate change can be proposed for the
Gulf of California, and temperature trends do not show evident threads for the Gulf
ecosystem so far.

No reports on acidification of the Gulf of California region exist; however, potential
impacts of such a trend, if there is one, could be highly relevant as the region is
located at the boundary of aragonite saturation levels, and most of the reefs have been
classified as existing within marginal environmental conditions. Therefore, for all the
ocean acidification projections based on IPCC scenarios, the Gulf of California is
found outside of the suitable habitat. Another reason for concern in this subregion is
oxygen. Despite there being very little data, observations of hypoxic or nearly anoxic
environments in very shallow water in the southern gulf (less than 100 m depth), and
observations of the oxygen minimum zone off the coast of Sinaloa being totally devoid
of benthic macrofauna, suggest this may become a critical issue under climate change
conditions. Further, massive mortalities of marine organisms inside the Gulf have been
associated with harmful algal blooms, and evidence exists from at least one long-term
observation effort that the number of toxic species and the frequency and duration of
events are increasing.

The major issues in the Pacific Central American Coastal (PCAC) region are closely
related to degradation of coastal ecosystems arising from habitat use for aquaculture,
tourism, urbanization, pollution, run-off from urban and agricultural lands, and
deficient fisheries management. These factors have already increased the sensitivity
of the region to climate change related stressors. Biological communities are highly
diverse, most fisheries are multi-specific and data deficient, and long-term observations
and modelling capabilities are no better than those described previously but, because of
its properties, some issues can readily be considered reasons for concern.

The PCAC region exhibits large interannual variability in surface temperature,
winds, and thermocline structure. Decadal scale variability is less easily detected, but is
evident in some variables, especially those related to the offshore winds at Tehuantepec,
Papagayo, and Panama. Long-term climate change can also be detected; over the last
century, sea surface temperature has increased by close to 1 °C, and warming is expected
to continue, increasing by around 2 °C for a doubling of atmospheric CO, (Fiedler and
Lavin, 2017); according to the A2 scenario of the IPCC, this two-fold increase could be
reached by the year 2080 (Portner et al., 2014). Model projections suggest a shallower
but steeper thermocline in the future and, with the increase in stratification, nutrient
enrichment of surface waters and phytoplankton production are expected to decrease.
Climate change is expected to drive indirect changes in biological communities as a
result of poleward shifts in species’ distributions and local extinctions, mostly linked
to temperature changes. Observations and models are consistent in these trends, more
noticeably in the Western Tropical Pacific, but still worrisome for the PCAC.
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Surface waters above the pycnocline tend to be nearly saturated with dissolved
oxygen. However, off the PCAC, oxygen levels between the pycnocline and
intermediate waters are very low, shaping one of the largest and more intense oxygen
minimum zones in the world’s oceans. Observations indicate that these zones have
expanded vertically during the past 50 years, and climate models generally predict
further expansion (Fiedler and Lavin, 2017). Great concern exists on the potential
impacts for coastal ecosystems.

Another major threat in the subregion is ocean acidification. Today, the lowest
surface pH values in the world are now found in the Eastern Tropical Pacific (Fiedler
and Lavin, 2017). Further climate change and ocean acidification are expected to impact
the reefs in the subregion negatively, as they are already at the environmental limits for
reef development.

10.3 EFFECTS OF CLIMATE CHANGE ON STOCKS SUSTAINING THE MAIN
FISHERIES
Large-scale models projecting the impacts of climate change in catch potential, mostly
based on temperature, oxygen limitation and primary productivity, and neglecting
possible synergistic effects of ocean acidification and fishing effort, have shown a
reduction of the catch potential in most of the tropical oceans (Portner et al., 2014; see
also Chapter 4); however, the magnitude of the reduction is less in the NETP than in
most of the tropics.

Small pelagic fishes (i.e. sardines and anchovies) captured mostly in upwelling
regions off Baja California, Ecuador, and the Gulf of California, are known to react
quickly to changes in the ocean climate, showing particularly notorious fluctuations
at multi-decadal scales. Regarding temperature, future climate change scenarios
have been used to predict a drop of 35 percent in catches of sardines and an increase
of anchovy, or increased sardine abundance because of warmer conditions in the
California Current. However, ecological change affecting small pelagic species
may also include changes in productivity and composition of lower trophic levels,
distributional changes of marine organisms, and changes in circulation and their
effects on recruitment processes. Further, particularly for the fish populations off the
southern NETP, oxygen limitation has been proposed to strongly influence the pelagic
ecosystem shape, which is particularly relevant given that the distribution of oxygen
in the ocean is changing with uncertain consequences. Other type of models that
incorporate historical variability of the environment and catches, indicate that regional
climate scenarios would modify slightly the fishery catches and seem unlikely to cause
foreseeable breakdowns of natural cycles. These results therefore suggest that as long as
no dramatic inflection point is reached in climate, interannual changes of both species
and multi-decadal trends will likely continue to be the dominant drivers of this fishery
during the current century (Lluch-Belda er al., 2013).

The squid fishery is relatively new in Mexico and only starting in Ecuador, and
therefore there is limited knowledge on its long-term dynamics. Evidence indicates that
jumbo squid can dramatically and extremely rapidly change its latitude distributions.
At the same time, it is very plastic in terms of diet, respiration, vertical distribution
(even through the oxygen minimum zone), and reproduction, which makes it a
highly resilient group to changing environment. However, this same ability to change
distribution and habits makes the fishery highly unpredictable. The expected impacts
of climate change could therefore be the episodic development of opportunistic
fisheries, with reduced possibilities to build around long-term sustainable industries.

For tuna and tuna-like fisheries, impacts of climate change have been proposed
to be similar to those observed during some of the El Nifio events, although this is
highly uncertain. Divergent responses of yellowfin tuna catches at different locations
show that the principal impact of ENSO on tunas is on their regional redistribution.
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The warming of surface waters and the decline in primary productivity could result
in a redistribution of tuna resources to higher latitudes or areas where the ocean
productivity has been less or not affected. This could result in changing migration
patterns, forming more dispersed and less numerous schools, which would negatively
affect fishing operation costs and yields.

Impacts on shrimp fisheries are also uncertain. In general, warmer waters and
increased rainfall during warm events (i.e. El Nifio) favour the reproduction and
recruitment of shrimp populations, and fisheries are favoured. There could also be
some degree of poleward expansion into more productive systems. The ways in which
fisheries operate would change, such as bycatch reduction, sharing catches between
industrial and artisanal fleets, among others, but these have not been analysed.

Small-scale, coastal multi-specific fisheries could be seen as highly resilient, because
they can rapidly adapt to changing target species, market preferences, and location
of new fishing banks. Furthermore, redistribution of fishing camps may be faster
and easier than relocation of large-scale industrial fisheries infrastructure. However,
these small-scale fisheries are highly sensitive because many of the most important
species are more or less dependent on coral reefs, mangroves, and seagrasses, which are
vulnerable and in some cases already threatened ecosystems. Also, non-industrialized
fishers are more closely dependent on short-term income, their capacity to influence
markets is more limited than well-organized, large-scale industries, and management
and enforcement are more complex.

10.4 IMPLICATIONS FOR FOOD SECURITY, LIVELIHOODS AND ECONOMIC
DEVELOPMENT

At the local to regional levels, an important segment of the societies from the nine
countries is highly dependent on fisheries. Industrial fisheries represent, for some
regions, a major economic activity and impacts of climate change could affect these
industries. However, by far the largest number of people dependent on fish is located in
the small-scale fisheries, which is also a more sensitive sector because of higher poverty
levels, and reduced access to alternative economic activities.

Poverty undermines the resilience of social-ecological systems such as fisheries. A
combination of climate-related stresses and widespread over-exploitation of fisheries
reduces the scope for adaptation and increases risks of stock collapse (Allison, Beveridge
and van Brakel, 2009). It is clear that fishing pressure has already imposed significant
problems on several coastal multi-specific fisheries across the NETP countries, mostly
because management faces serious limitations in terms of technical information and
permanent, reliable monitoring programmes. In addition, the management strategies are
much less developed than those for industrial fisheries, and the lack of communication,
enforcement, and potential for participation in co-management schemes make the
adoption of such strategies by small-scale fishers virtually impossible.

Adaptive institutions and new management strategies would increase the
capacity of ecosystems and people to accommodate future changes and conditions.
Strengthening adaptive governance and reducing vulnerability are both mutually
reinforcing and synergistic with building capacity to adapt to climate change.
Adoption of better management practices, including increasing technical and scientific
capacity, communication and participatory strategies, and strengthening institutional
arrangements, are the best adaptation options for small-scale fisheries under a changing
climate. These and other adaptation options are discussed further in Section 10.6 below.

10.5 VULNERABILITY AND OPPORTUNITIES FOR THE MAIN FISHERIES AND
THOSE DEPENDENT ON THEM

The region includes the Pacific coast of Ecuador, Colombia, Panama, Costa Rica,

Nicaragua, Honduras, El Salvador, Guatemala, and Mexico, covering 35° in latitude,
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three large marine ecosystems, and tropical and subtropical climatic regions. Most
important industrial fisheries target small pelagics, mostly sardines and anchovies,
jumbo squid, tuna, and shrimp. Small-scale fisheries occur along the entire coast, partly
based on the same resources exploited by industrial fleets, plus a high diversity of fish,
molluscs and crustaceans.

Large-scale models projecting the impacts of climate change in catch potential have
shown a reduction of the catch potential in most of the tropical oceans, with a relatively
smaller reduction in the NETP (Cheung er al., 2009; Portner et al., 2014; Chapter 4).
However, this is one of the world ocean regions where climate and oceanographic
models are more limited, and therefore climate change projections are highly uncertain.
Also, the diversity of species and fisheries makes it impossible to make a single, general
assumption on the potential effects of climate change on regional fisheries. Modelling-
based projections should incorporate historical patterns of fisheries and climate
variability, and better data.

Major environmental reasons for concern are 1) temperature trends, particularly off
Central America; 2) deoxygenation, as the region already lies within the largest area of
the world ocean with severe hypoxia; and 3) ocean acidification, as projections reveal
this is one of the regions more rapidly reaching aragonite limitation for coral reef
development under future scenarios. Potential impacts on major fisheries are: for small
pelagic fishes, interannual changes and multi-decadal trends which will likely continue
to be the dominant drivers of this fishery during the remainder of this century. Squid
fisheries can be expected to be episodic and opportunistic fisheries, with reduced
possibilities to develop long-term sustainable industries. Although highly uncertain,
latitudinal distribution shifts in tuna may affect industrial and coastal fisheries, and
impacts on shrimp fisheries may be positive thanks to better recruitment.

Although small-scale fisheries may appear to be relatively resilient because they
can rapidly adapt to changing target species, market preferences, and location of new
fishing banks, major consequences for livelithoods can be expected because many
of the targeted species depend on threatened ecosystems (coral reefs, mangroves,
and seagrasses), and fishers are more closely dependent on short-term income, their
capacity to influence markets is more limited than that of well organized, large-scale
industries, and management enforcement is more complex.

10.6 RESPONSES AND ADAPTATION OPTIONS

Fisheries governance and regulations (i.e. harvest control rules and incentives driving
fisher behaviour) partly determine the socio-ecological resilience of the sector to
climate change impacts. However, there is yet no recipe for a regulatory regime that
can clearly increase fisheries resilience (Ojea et al., 2017). For the small-scale fisheries,
adaptation options include improving technical, administrative and organizational
aspects of fisheries management and the social education of the fishers. This should
promote development of organizational mechanisms such as integrating value chains
and training for diversifying fishing activities (Flores-Nava, 2010).

To some extent, industrial fisheries have already been dealing with changes in
resource availability because of having to cope with natural climate variability. The
adoption of policy initiatives and management measures for reducing vulnerability in
the fishing sector could benefit from the lessons and strategies learned by fisheries that
have successfully managed change by incorporating environmental stress factors into
their strategies.

Global circulation models are the only tool that is available today for estimating the
effects of climate change on fisheries, so their deficiencies when representing regional
processes (e.g. upwelling), reduce the possibility of generating plausible future scenarios
of the environment and its influence on fish production. This is particularly critical in
this region. Incorporation of historical patterns of fisheries and climate variability, and
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more intense data collection, including systems for ocean monitoring, could increase
significantly the accuracy of climate and ecological models (Lluch-Cota ez al., 2017).

In order to sustain economic and social benefits to the fishing industry facing climate
change impacts, one option may be the sustainable development of new fisheries based
on currently under-exploited resources. This seems feasible in the region because
of the existence of known deep and mid-water unexploited populations of fish and
crustaceans, such as hake and giant king crab.

In terms of adaptation, the full implementation of the FAO code of conduct for
responsible fisheries (FAO, 2016b) and the Voluntary guidelines for securing sustainable
small-scale fisheries (FAO, 2018), may prove to be the best strategy. Precautionary
approaches are recommended, particularly measures to reduce levels of fishing
mortalities, especially in populations currently at maximum exploitation rates and
over-exploited. Moreover, the industrial and coastal fisheries sector is likely to face
the challenge of moving from one fishing site to another as well as changing target
species. To carry them out successfully, these challenges imply the development
of better organizational skills in order not to exceed extraction efforts beyond the
stock’s replacement capabilities in a changing environment. In addition, national
and multilateral agreements enabling the mobility of fleets should be promoted,
considering also the legal change of target species, as required, and governmental
support for purchasing more efficient equipment.

Another recommendation refers to the establishment of information systems aimed
at providing early warnings of volatility in market prices. Market warnings would
allow rapid adoption of strategies that may include creating specific funds, extending
insurances coverage, incorporating probabilistic analysis to risk management, and
considering uncertainty during the planning of the sector’s activities.

One major option to mitigate the adverse impacts of climate change on marine fisheries
is aquaculture, the fastest growing food production sector and with the potential to
contribute significantly to the region’s economy and food security. Apart from Ecuador
and Northwest Mexico, which host important shrimp farming enterprises, marine
aquaculture based on different species still has great development potential in the NETP.
However, for aquaculture to become an effective climate change adaptation option, two
major challenges should be addressed. One is that reared species, for which technology
development may take several years, may face suboptimal physiological conditions under
future climate (especially temperature). Secondly, that increasing the use of waterbodies
and coastal areas for culture, together with the direct impacts of climate change, may
increase the outbreaks of known and new pathogens or parasites. Therefore, the ability
to change between farmed species, and the adequate use of genetically improved and
robust organisms, should become a major technological priority. Further, to represent a
sustainable option for food production, aquaculture will also face the challenge of rapidly
becoming a more energy and carbon efficient practice (Sae-Lim ez al., 2017) and less
reliant on capture fisheries for feed.
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KEY MESSAGES

e Throughout the region, the complexity and high natural variability of marine

ecosystems on all scales, aggravated by major declines in some marine resources
from over-exploitation, make it very difficult to detect climate change signals
against a high noise background.

The environmental changes over the past few decades for which there is most
evidence are increased sea surface temperature in all regions; increased sea level in
most regions; a remotely-driven southward (poleward) shift in the position of the
Angola/Benguela Front and a poleward shift of the St. Helena Anticyclone; and a
recent decrease off Namibia and longer-term increase off the South African south
coast in upwelling-favourable winds.

Hydrobiological changes in the region include a roughly ten-fold increase in
copepod abundance in the Benguela upwelling ecosystem since the 1960s and
a corresponding change in copepod size structure, both considered a result
of changes in predation pressure from pelagic fish. Declines in coral reef and
mangrove forest cover off Mozambique and the United Republic of Tanzania have
been primarily or partly attributed to climate change.

The best-documented changes in marine resources in the past few decades have
been a southward shift in coastal fish species important to Angola’s small-scale
fishery, the eastward shift of commercially-exploited small pelagic fish and west
coast rock lobster in South Africa, and the poleward (south) shift of several
marine and estuarine subtropical species on the east coast of South Africa to an
expanding warm—cool transition zone on the south coast.

The fisheries rated as most vulnerable to climate change in Angola and Namibia
were the artisanal and demersal trawl fisheries, respectively, while in South Africa
they were small-scale line- and net-fisheries and that for small pelagic fish. No
comparable vulnerability assessments have yet been carried out for the marine
fisheries in Mozambique and the United Republic of Tanzania, but it seems likely
that the large number of artisanal fishers along the coasts of these two countries
are the most vulnerable.

Institutional climate change adaptation measures include creating early warning
systems for flooding and storms (Angola); promoting integrated fisheries and
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coastal zone management for the protection of marine resources, strengthening
of joint management of shared fish stocks (Namibia), expanding and tailoring
research and monitoring to inform and assist adaptation initiatives; and involving
artisanal and small-scale fishers in local resource co-management initiatives (South

Africa, Mozambique and the United Republic of Tanzania).

11.1  INTRODUCTION

This chapter covers the continental shelves of the Southeast Atlantic and South-
West Indian Oceans. The region can be very broadly sub-divided into the following
oceanographic regimes (Figure 11.1):

e A subtropical zone north of the Angola/Benguela Front, which is essentially a
transition zone between the wind-driven Benguela Current upwelling system to
the south and the Equatorial Atlantic, from where the seasonal cycle is remotely
driven.

e The Benguela upwelling system, which lies roughly between 14 °S and 37 °S and
extends in a broad sense to include the western Agulhas Bank, and is divided into
northern and southern systems by strong perennial upwelling in the region of
Liideritz, at approximately 26 °S.

e The central and eastern Agulhas Bank on the South African south coast, which has
characteristics of both an upwelling and a warm temperate shallow shelf system,
and is increasingly influenced by the strong southward flow and meanders of the
Agulhas Current as the shelf narrows to the east.

* A subtropical zone along the east coast, which becomes increasingly tropical
towards the north. This zone is strongly influenced by the Agulhas Current south
of the Mozambique Channel and the Somali Current to the north of it, both of
which are driven by wind patterns in the Western Indian Ocean.

The region as a whole supports commercial fisheries for demersal, midwater and
small pelagic species (mainly off the west coast and the South African south coast), rock
lobster (Jasus lalandii), prawns and other crustacea, and (off the South African south
coast), chokka squid (Loligo reynandiz). In addition, in all but Namibia and the extreme
south of Angola, there are extensive small-scale and artisanal near-shore fisheries for
a wide range of species caught by a variety of small gear operated from small boats or
from the shore. These fisheries are extremely valuable in terms of the number of people
involved and affected, and the importance of the catch for food security.

For convenience, this chapter is sub-divided into three areas (Figure 11.1), viz:

1. The west coast, incorporating the coasts of Angola, Namibia and the west coast of
South Africa including the western Agulhas Bank to Cape Agulhas (20 °E).

2. The South African south coast, stretching from Cape Agulhas to about East
London, encompassing the central and eastern Agulhas Bank.

3. The east coast, incorporating the coasts of the Eastern Cape and KwaZulu-Natal in
South Africa, and the coasts of Mozambique and the United Republic of Tanzania.
These areas are dealt with separately as far as possible, recognizing that there are

substantial regions of overlap in some fisheries.
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FIGURE 11.1
Map of the Southeast Atlantic and Southwest Indian Ocean fisheries regions
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Countries and places mentioned in the text (cities/towns are indicated by a grey dot with PE being Port Elizabeth, EL being East London,
and EC and KZN indicating the approximate locations of the Eastern Cape and KwaZulu-Natal coasts of South Africa, respectively);
important oceanographic features with major currents indicated by grey arrows (A/B Front being the Angola/Benguela Front, SHB being
St. Helena Bay, WAB, CAB and EAB being the western, central and eastern Agulhas Banks, respectively, TB being the Tugela Bank and
SB being the Sofala Bank); the approximate extent of the continental shelf as shown by the 200 m depth contour (dashed line); and the
division of this region into the three areas (west coast, south coast and east coast) discussed in this chapter.

There are significant national differences in the extent to which climate change
has been recognized as a threat to the region’s marine environment and fisheries. Of
particular relevance are an initial broad vulnerability assessment of the fisheries of the
Benguela Current Large Marine Ecosystem (BCLME; including Angola, Namibia
and South Africa) in 2011 (De Young et al., 2012) and subsequent development of
regionally-appropriate vulnerability frameworks with a specific focus on social and
economic vulnerability for use in adaptation planning for Benguela fisheries (FAO,
2013). An overview of possible adaptation options and identification of key research
gaps in understanding the vulnerability of the South African marine fisheries sector
to climate change was conducted as part of that country’s Long-Term Adaptation
Scenarios programme (DEA, 2013) and, subsequently, a Draft Climate Change Sector
Plan for Agriculture, Forestry and Fisheries has been developed (Government Gazette,
Republic of South Africa, 2015). Vulnerability analyses and the identification of
adaptation measures to improve resilience of marine fisheries and fishing communities
to the impacts of disasters and climate change in the Southwestern Indian Ocean have
recently also been initiated (FAO, 2014, 2016).
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11.2  WEST COAST

11.2.1 Fisheries of the region

Fisheries of the west coast area are dominated by industrial and semi-industrial sectors
with large catches requiring large processing facilities; annual landings of important
fisheries resources combined, including small pelagic fish, midwater fish, demersal fish
and crustacean species for this area are of the order of 1 million tonnes (Figure 11.2).
Additionally, extensive artisanal and/or small-scale fisheries that take much smaller
catches but are important for coastal communities are found in Angola and South
Africa, but not Namibia. Country-specific descriptions of important fisheries of the
west coast area are provided below.

Angolan fisheries

In Angola there is an important industrial trawl fishery over the whole shelf to the
north of the country for a wide range of demersal species such as large-eye dentex
(Dentex macrophthalmus) and other sea breams as well as Benguela hake (Merluccius
polli), with an average annual catch (1990 to 2015) of these species of just below
17 000 tonnes (Figure 11.2A). Deep water shrimps (Parapenaeus longirostris and
Aristeus varidens) are also taken by this fishery but annual catches are less than
1 000 tonnes (Figure 11.2D). There are also important industrial and semi-industrial
fisheries for small pelagic fish such as sardinellas (Sardinella aurita and S. madarensis)
and, in the extreme south, sardine (Sardinops sagax), with annual catches of these
species averaging 60 000 tonnes but showing an increasing trend in recent years
(Figure 11.2B). Similarly, for Cunene and Cape horse mackerel (Trachurus trecae and
Trachurus trachurus capensis, respectively), with average annual catches of the two
species (primarily 7. trecae) around 45 000 tonnes and also showing an increase in
recent years (Figure 11.2C). Added to these is an extensive artisanal fishery along the
entire coast beyond the arid southern region targeting a wide range of species, which
is an extremely important source of employment and food for coastal communities.
Small-scale fishing accounts for around 20 percent of annual catches whilst semi-
industrial and industrial fishing accounts for the remaining 80 percent.

Namibian fisheries

Off Namibia, there is a major demersal trawl fishery for Cape hakes (Merluccius
capensis and M. paradoxus), monkfish (Lophius spp.) and various bycatch species, with
annual catches of the two hake species averaging 133 000 tonnes over the period 1990
to 2015 and remaining relatively stable from the mid-1990s (Figure 11.2A). There is
also a substantial fishery, the country’s largest in terms of landed mass, for adult Cape
horse mackerel, with annual catches of this species averaging 287 000 tonnes (albeit
with some large variation; Figure 11.2C), which are caught mainly by large midwater
trawlers and processed at sea. There are also much smaller fisheries for small pelagic
fish, primarily sardine, with recent catches (average annual catch of 52 000 tonnes;
Figure 11.2B) substantially reduced compared to historical catches of this species,
as well as for rock lobster, small quantities of which (around 200 tonnes per annum;
Figure 11.2D) are caught inshore off southern Namibia and processed in Liideritz
almost entirely for export.

South African fisheries

South Africa has an important offshore demersal trawl fishery that is dominated by the
two Cape hakes and fishes primarily from the shelf-edge but also across the entire shelf
from the Namibian border to Cape Agulhas. Deepwater hake (M. paradoxus) comprise
the bulk of demersal trawl catches off the west coast, with average annual landings of

the two hake species being 133 000 tonnes from 1990 to 2015 (Figure 11.2A).
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The fish are processed at sea or ashore with a large proportion of the catch exported
as fresh fish or frozen products to Europe. The income from hake is roughly equal
to the total gross income from all other fishery sectors in South Africa combined.
The South African purse-seine fishery for small pelagic fish targets sardine, anchovy
(Engraulis encrasicolus) and round herring (Etrumeus whiteheadi) and is the largest
in terms of volume in South Africa (Figure 11.2C) and second only to the demersal
trawl fishery in commercial value. Anchovy and round herring are only caught off the
west coast, together with occasional small bycatch of primarily juvenile sardine and
horse mackerel, and are reduced to fish meal and oil in large factories in the St. Helena
Bay region. Whereas most of the sardine catch is taken off the west coast some are
also caught off the south coast (see below), with this species either canned for human
consumption or pet food, or frozen as bait. Combined annual catches of sardine,
anchovy and round herring off the west coast average 354 000 tonnes over the period
1990 to 2015 (Figure 11.2B), with the bulk of this being anchovy.

Rock lobster is the target of another important fishery on the west coast, where it is
an important source of employment for over 4 200 people, who fish with baited hoop
nets and traps, laid from small boats close inshore. Annual catches over the period 1990
to 2015 averaged 2 200 tonnes, markedly higher than landings of important crustaceans
off Angola or Namibia (Figure 11.2D) but substantially reduced compared to historical
peak landings of approximately 10 000 tonnes taken in the mid-twentieth century.

There is also an important and extensive small-scale fishery for line- and net-
caught fish along most of the west coast, especially south of the sparsely-populated
Namaqualand coast in the north. This fishery consists of a commercial boat-based
fishery, a small-scale, beach-based line- and net-fishery, and a recreational fishery,
which includes all forms of angling from shore or boats and by divers. These fisheries
are mostly labour-intensive, low technology activities, which exploit a large number of
species in estuaries and near-shore waters. Important species include snoek (Thyrsites
atun) and yellowtail (Seriola lalandi; both targeted by the commercial line-fishery with
annual catches of these two species of the order of 7 000 tonnes over the past decade),
mullet Liza richardsonii; targeted by the net-fishery with annual catches of around
2 500 tonnes), and a variety of seabreams and scianids (targeted by the recreational
fishery). Around 200 small vessels are presently active in the commercial line-fishery
off the west coast, and roughly 4 000 more in the recreational sector throughout
South Africa. The number of small-scale fishers in South Africa, a significant number
of whom operate from the west coast as here defined, has been recently estimated at
around 10 000 (C. Smith, DAFF, personal communication).
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FIGURE 11.2
Catches of important fisheries species in the west coast region
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Including annual landings of (A) demersal fish (primarily bigeye dentex but including other seabreams and Benguela hake in Angola,
and only Cape hakes in Namibia and South Africa; (B) small pelagic fish (sardinellas in Angola, sardine in Namibia, and anchovy, sardine,
and west coast round herring in South Africa); (C) midwater fish (Cunene horse mackerel in Angola and Cape horse mackerel in all three
countries); and (D) crustacean (deep water shrimps in Angola, and rock lobster in Namibia and South Africa) species taken off the west
coast (i.e. to the west of Cape Agulhas), 1990 to 2015 (data from www.fao.org). In all plots Angola is represented by white histograms,
Namibia by grey histograms and South Africa by black histograms. Note that the y-axis of each plot is differently-scaled.

11.2.2 Observed and projected impacts of climate change on the
environment

According to satellite imagery, sea surface temperature (SST) off Angola has been
increasing over the past three decades, with average rates between 0.23 °C (Jarre et
al., 2015) and 0.8 °C (Potts et al., 2014) per decade depending on which satellite data-
source is used (Figure 11.3). This is above the global average and southern Angola
in particular is recognized as one of 24 ocean warming hotspots (Hobday and Pecl,
2014). This warming is interspersed with warm and cool periods which have generally
become more pronounced in the south; especially the cool events (Jarre et al., 2015).
These cool events appear to be caused by internal waves of tropical origin rather
than an increase of upwelling-favourable winds in the region. There is evidence from
satellite imagery of increased phytoplankton production off southern Angola in some
years since 2002 (Jarre et al., 2015), but this observation should be treated with caution
because of the limitations of satellite imagery as a measure of chlorophyll concentration
in southern Angolan waters. Current zooplankton collections off Angola are not
consistent enough to provide a coherent time series of trends in zooplankton biomass
and community structure, particularly for the subtropical system. A more definite
climatic threat is considered to be damage to coastal infrastructure as a result of sea
level rise (estimated at about 0.6 mm per year during the 1990s (Hardman-Mountford
et al., 2003) aggravated by rising SST, and increased flooding from higher rainfall in
the interior.
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FIGURE 11.3
Linear trend of 1° x 1° resolution Reynolds SST in °C per decade from 1982 to 2012
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Source: Reproduced from Blamey et al., 2015, with permission.

High resolution computer simulations of the South Atlantic coupled with multiple
oceanic and atmospheric re-analyses have provided clear evidence of a southward
shift in the position and intensification in the strength of the Angola/Benguela
Front since 1980, related to a southward shift in the position of the South Atlantic
subtropical anticyclone (Vizy, Cook and Sun, 2018). Periodic, southward intrusions
of warm, saline, nutrient-poor and low oxygen water onto the Namibian shelf and
associated with marked southward movement of the Angola/Benguela Front, known
as Benguela Nifios, have occurred roughly once a decade, most notably in 1994/95
when the intrusion was particularly extensive and protracted, and most recently
in 2010/11 (Rouault et al, 2017). These have a marked impact on the environment
and fishery resources of the northern and central Namibian coast and species not
acclimated to these abnormal conditions may die off or migrate. Both pelagic and
demersal fish species showed mortalities and/or southward or offshore displacements
associated with the 1994/95 event (Gammelsrod et al., 1998; Hamukuaya, O’Toole and
Woodhead, 1998).

In the past three decades, SST off the coast of northern Namibia has increased
in all months of the year by between 0.2 °C and 0.5 °C per decade depending on
season, but south of about Walvis Bay there has been no general change in SST over
this period (Hutchings er al, 2009; Jarre er al., 2015; [Figure 11.3]). Whilst wind
patterns off Liideritz (the centre of the strongest upwelling in the Benguela system)
display interannual and decadal-scale variability there appears to have been a general
decline in upwelling-favourable winds there between 1990 and 2005 (Hutchings et al.,
2009). Lamont ez al. (2018) reported a significant quadratic trend in total cumulative
upwelling (TCU) for the northern Benguela that corroborated previous reports of a
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recent decline in upwelling in that region, with TCU between 2009 and 2014 less than
half the long-term mean.

There have been large seasonal and interannual variations in dissolved oxygen in
Namibian shelf waters in the last few decades, but no clear trends are evident, either in
the advection of low-oxygen water from the Angola dome area, or in the frequency of
localized low-oxygen events caused by the decay of organic matter (Jarre et al., 2015).
There is also no unequivocal evidence of major long-term changes in phytoplankton
production in Namibian waters, despite the apparent long-term decrease in upwelling-
favourable winds and the increase in SST over the northern part of the system. In
contrast, there is evidence of a major increase in copepod production and of significant
changes in zooplankton community structure since the 1970s (Verheye and Kreiner,
2009). Whereas this had been attributed to increased primary production combined
with a reduction in predation following the depletion of pelagic fish stocks, the change
in community structure from large to small copepod species may also be associated
with ocean warming observed in this region (Jarre et al., 2015). However, the dramatic
declines in the abundance of pelagic fish in the 1970s caused by excessive fishing
pressure appear to have changed the food web from one dominated by “wasp-waist”
pelagic fish such as sardine and anchovy, to a less efficient regime in which jellyfish,
and pelagic gobies (Sufflogobius bibarbatus), have assumed far greater importance in
the ecosystem, substantially altering trophic pathways (Roux et al., 2013).

Satellite imagery has shown that over the past four decades the southern Benguela
has cooled from April to August by 0.3 °C to 0.5 °C per decade (Rouault, Pohl and
Penven, 2010) suggesting stronger unseasonal upwelling-favourable winds and a
poleward shift of the St. Helena Anticyclone. More recent analyses that corrected
for a warm bias in previous satellite-derived data have suggested that this cooling is
less (0.2 °C per decade) and more restricted than previously thought (Blamey er al.,
2015; [Figure 11.3]). Analyses of wind data have indicated that despite inter-decadal
variability there has been a tendency toward increased upwelling in the southern
Benguela over the past three decades, although the trend is not significant (Lamont
et al., 2018). Corresponding ocean colour imagery has revealed large interannual and
inter-seasonal variability in surface chlorophyll concentrations during this period,
but there is no clear trend suggestive of a long-term change in primary production in
the area (Jarre et al., 2015). In contrast, zooplankton collections off St. Helena Bay
since the 1950s show an approximately ten-fold increase in copepod abundance, and
a pronounced trend towards smaller sizes (Hutchings et al., 2012), as was found in
the northern Benguela. However, this appears to have been primarily a result of a
reduction in predation by small pelagic fish after the start of the fishery, rather than
driven by long-term environmental change. Sampling of copepods off the western
Agulhas Bank between 1988 and 2016 has shown a gradual decline in copepod biomass
there since 1996 and a long-term decline in the biomass of Calanus agulbensis, the
dominant large copepod on the Agulhas Bank. As on the west coast these changes are
thought to be largely driven by changes in predation pressure by pelagic fish, although
they are probably also influenced by environmental variability (DEA, 2016).

11.2.3 Effects of climate change on stocks sustaining the main fisheries

Angolan resources

There is little evidence at present of major responses of Angola’s most important marine
resources to changes in their environment in recent decades that are strong enough to
be used to detect or predict their responses to climate change. While there have been
changes in Sardinella anrita and S. madarensis migration patterns, and pronounced
changes in the seasonality and size of catches (Ostrowski, da Silva and Bazik-Sangolay,
2009), no long-term changes in their distribution or stock structure have been
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documented (Jarre et al., 2015). There has been an increase in the latitudinal range
of demersal assemblages, with an overall southward tendency and an expansion into
deeper water, but no link has been found between these shifts and changes in bottom
temperature, indicating that other environmental factors, such as changes in oxygen
concentration on the bottom, and the effects of fishing need to be considered (Yemane
et al., 2014). There was also a major shift in the structure of the demersal community
and in the biomass of a few species in the mid-2000s, but no obvious environmental
or anthropogenic changes at the time that could have driven this apparent regime shift
were identified (Kirkman ez al., 2015). However, Potts et al. (2014) documented a rapid
distribution shift southwards from Angola extending into Namibia by the coastal
scienid Argyrosomus coronus, a species that is heavily targeted by the artisanal and
subsistence (and developing recreational) fisheries off Angola (Potts et al., 2009). That
distributional shift was attributed to the rapid warming of Angolan coastal waters, and
the changed distribution of A. coronus appears to have resulted in hybridization of
this species with a congener, A. inodorus, which is distributed from central to northern
Namibia.

Namibian resources

The major changes in Namibia’s most important commercial resources in the 1970s
and 1980s — i.e. hake, small pelagic fish (sardine and later anchovy) and rock lobster,
were clearly primarily caused by overfishing rather than the environment (Boyer and
Hampton, 2001; Roux et al., 2013). Since then, the environment has played a far larger
role, particularly the major Benguela Nifio event in 1994/95, which inter alia, severely
reduced hake recruitment and probably also halted a modest recovery in the sardine
population. Although less conclusive, there is evidence to suggest that the further
substantial decline in the rock lobster resource which occurred in the late-1980s/early-
1990s was also environmentally induced, in this case by intrusions of low-oxygen water
into the fishing grounds (Gammelsrod et al., 1998). The situation at present is that hake
have expanded their distribution over a wider depth range, the very reduced sardine
population (which is substantially different in structure than prior to the collapse)
is now confined largely to areas north of Walvis Bay, while anchovy have all but
disappeared from Namibian waters (Boyer and Hampton, 2001). Rock lobster catches
appear to have more or less stabilized at a very low level since 1990. The distribution of
Cape horse mackerel has shifted southwards, accompanied by changes in overall stock
structure and a return to the areas where spawning occurred in the 1970s. Since catches
of all these species have been conservatively managed since Namibian independence in
1990, whatever changes in abundance and distribution have occurred since then have
most likely been environmentally driven, although changes in population size itself
could also have played a role in some instances (Boyer and Hampton, 2001).

It is clear that despite the increases in understanding of the effects of the environment
on the Namibian marine ecosystem in recent years, changes in abundance and
distribution arising from environmental changes cannot be predicted with sufficient
confidence for use in management for any of the above resources. A possible exception
is the greater appreciation of the origin and significance to marine life of Benguela Nifio
events, which may now be predictable to some extent a few months in advance, and
be taken into account in management, at least qualitatively. Additionally, continued
poleward movement of the Angola/Benguela Front as reported by Vizy, Cook and Sun
(2018) may result in a contraction of the suitable habitat of commercially important
species in northern Namibia.

South African resources
The west coast fisheries considered here are those regarded as most important in terms
of value, employment and/or food security. These are the commercial fisheries for
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demersal fish, small pelagic fish and west coast rock lobster, and the small-scale line-
and net-fisheries for a wide range of species.

Relatively little is known about the effects of environmental factors and behavioural
responses on the size of the hake resource, but their longevity, wide geographical
range, extensive diurnal vertical migrations, very diverse diet and ability to tolerate
relatively low oxygen levels, all suggest that they should be resistant to all but extreme,
prolonged environmental perturbations. There is, however, no evidence that major
perturbations such as this have in fact been occurring over the hake fishing grounds in
South Africa, or that there have been significant changes in abundance or distribution
of the species in recent years.

In contrast, there has been a well-documented eastward shift in the distribution of
adult anchovy (Roy et al., 2007) and sardine (Coetzee et al., 2008) since the mid- to
late-1990s. Anchovy spawners showed an abrupt shift from being located primarily
(i.e. more than 50 percent of total biomass) to the west of Cape Agulhas during the
1980s and early 1990s, to being predominantly east of Cape Agulhas in 1996 and
virtually every year thereafter. That shift was related to an abrupt cooling of coastal
waters east of Cape Agulhas, thought to arise from increased wind-induced coastal
upwelling there and which resulted in an increased cross-shelf temperature gradient
in that region (Roy et al., 2007). The shift had little impact on the fishery since the
bulk of the anchovy catch consists of juvenile fish caught off the west coast, and the
shift does not appear to have adversely impacted recruitment. The eastward shift
in sardine distribution was more gradual, with more than 70 percent of surveyed
biomass being west of Cape Agulhas during the 1980s and early 1990s but falling to
less than 25 percent in the mid-2000s (Coetzee et al., 2008). The changed distribution
of sardine negatively impacted the fishery, with a progressive eastward shift in the
centre of gravity of sardine catches (Fairweather et al., 2006) having an adverse effect
on profitability since most of the landing points and processing plants are situated on
the west coast. Although the centre of gravity of sardine catches has shifted westwards
since 2006 it has remained east of Cape Agulhas and south of Cape Town since 2005,
whereas it was west of Cape Agulhas and north of Cape Town before then (Augustyn
et al., 2018). The changed sardine distribution is also significantly correlated with the
cross-shelf temperature gradient east of Cape Agulhas, suggesting an environmental
linkage (Augustyn et al., 2018). However, that relationship is much weaker than for
anchovy and the changed distribution is believed to be because of, to some extent,
higher fishing pressure on sardine west of Cape Agulhas (Coetzee et al., 2008), which
are hypothesized to comprise a different stock to sardine east of Cape Agulhas (van der
Lingen et al., 2015). Significant southward and eastward shifts in the annual centre of
gravity of round herring catches over the period 1987 to 2012 have also been observed
(DAFF, 2014), with catches being furthest to the southeast in 2005 to 2007 but moving
westward in recent years, but this shift is substantially smaller than observed for either
anchovy or sardine.

There was a well-documented reduction in rock lobster growth rate between the
late-1980s and late-1990s (Pollock, Cockroft and Goosen, 1997) accompanied by an
increased frequency of fatal “walk-outs” (mass strandings) in the Elands Bay region
as a result of episodes of anoxia associated with the decay of harmful algal blooms
(Cockcroft, 2001), and, in the 1990s, an eastward shift in distribution co-incident
with the eastward shift in the distribution of small pelagic fish (Cockcroft, van Zyl
and Hutchings, 2008). All appear to have been environmentally driven, although the
mechanisms are not well understood. The eastward migration of rock lobster has
already had a severe impact on the fishery and communities on the west coast, with
further negative impacts expected if this trend continues. It has also severely affected
the near-shore ecosystem on the western Agulhas Bank, for example by the depletion
of abalone (Haliotis midae) through competition for urchins (their chief prey; Blamey,
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Branch and Reaugh-Flower, 2010). Fortunately, since the turn of the century the
eastward migration of rock lobster appears to have halted, growth rates have increased
slightly, and the incidence of walk-outs from harmful algal blooms has returned to pre-
1980’s levels (Augustyn et al., 2018).

Ortega-Cisneros er al. (2018) used an ecosystem model and climate projections
to evaluate the effects of fishing, warming, and horizontal and vertical mixing on the
southern Benguela (west and south coasts of South Africa) ecosystem. They found
that warming had the greatest effect, almost always negative, on the biomass of almost
all species including some important fishery resources. Cape hakes showed biomass
reductions of the order of 10 percent to 20 percent by 2050 compared to control
simulations, but anchovy showed the strongest response to predicted warming of the
southern Benguela, with a reduction in biomass of around 50 percent and being more
negatively impacted off the west than the south coast. A similar result was reported
by Raybaud et al. (2017) who used an ecological niche model for European (= Cape)
anchovy and a suite of ocean-atmosphere global circulation models driven by IPCC
scenarios to evaluate climate change effects on the distribution of this species. Those
projections indicated substantial distributional change and a consistent reduction in the
probability of occurrence south of 48 °N, with a 40 percent to 50 percent reduction
predicted for anchovy off Southern Africa.

11.2.4 Vulnerability and opportunities for the main fisheries and those
dependent on them

Angolan fisheries

Angola’s national economy was rated as the most vulnerable of 132 countries to
climate-induced impacts on fisheries (Allison er al. 2009), with vulnerability assessed
using measures of exposure to the physical effect of climate change, sensitivity of the
ecosystem or economic importance of the fisheries sector, and the level of adaptive
capacity to offset these impacts. Fishing is one of the main economic activities in
Angola and the country’s National Adaptation Programme of Action (NAPA; MoE,
2011) found agriculture and fisheries to be the country’s most vulnerable sectors.
Whereas the NAPA recognized a lack of data in this regard it identified studying the
vulnerability of the fisheries sector to climate change and changes in water currents as
one of its main adaptation priorities (FAO, 2013) that was likely to have significant
benefits, particularly in terms of rural livelihoods (MoE, 2011).

In the 2011 preliminary vulnerability assessment (De Young et al., 2012), the two
Angolan fisheries rated as most vulnerable to climate were the artisanal fishery and the
semi-industrial fishery for small pelagic fish; the former because of its sensitivity to
local environmental perturbations, socio-economic importance and limited ability to
adapt, and the latter because of its apparent sensitivity to larger-scale environmental
perturbations, high value in terms of employment and food security, and its relatively
low adaptive capacity because of the moderate scale of semi-industrial fishing enterprises
in Angola. Despite their greater commercial value, the demersal and industrial pelagic
fisheries were rated as somewhat less vulnerable, primarily because of their larger
vessels and greater access to capital to introduce adaptive measures. Note that the
initial assessment of the vulnerability of Angolan fisheries was very preliminary, and
was based on general principles rather than in-depth analyses of the threats to each
fishery and of possible adaptation measures, which is yet to be done. FAO (2015a) used
participatory and inclusive community-level rapid vulnerability assessments to gather
information on local socio-ecological vulnerabilities in relation to environmental
and climate change for three fishing communities in Angola, primarily line-fishers
fishing from small vessels close to the coast but some also using seine- and gill-nets.
Communities reported socio-economic stressors such as a lack of financial resources
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and no access to credit as most important, followed by declining fish catches attributed
to industrial vessels fishing in the artisanal zone, and a lack of government support
and infrastructure (e.g. refrigeration facilities) at landing sites. Fishers’ perceptions of
a changing environment (e.g. increasing sea temperatures and changes in fish species
composition) corroborated the scientific findings described above. A related, more
definite climatic threat is damage to coastal infrastructure because of sea level rise
(estimated at about 0.6 mm per year at present) aggravated by rising SST, and increased
flooding from higher rainfall in the interior. The artisanal fishers are clearly the most
vulnerable to these effects.

Namibian fisheries

The Namibian fishery rated as the most vulnerable to climate change in the 2011
assessment (De Young er al., 2012) was the demersal trawl fishery, predominantly for
hake. This was because of its high economic value, large number of employees and
sensitivity to extreme environmental events such as the protracted Benguela Nifio
which occurred in 1994/95. The vulnerability of the small pelagic fishery was also
rated as high because of the high sensitivity of the resource to environmental variations
(evidenced, for example, by large interannual variability in biomass estimates), the
relatively large number of people directly and indirectly involved in the industry, and
its poor ability to adapt, primarily because the industry is constrained by low profit
margins and does not have other resources to turn to. Likewise, the vulnerability of the
rock lobster fishery was also rated high, being driven by the relatively large number of
people in Lideritz dependent on the fishery, and its poor adaptive capacity because of
the small-scale nature of the fishery and the lack of alternative resources to turn to or
other sources of employment in the area. In contrast, the horse mackerel fishery was
rated as one of the least vulnerable to climate change because of the wide distribution
of the resource, its modest socio-economic importance (despite the size of the catch),
and the ability of the fleet to adapt to changes in abundance and distribution through
the long-range mobility and endurance of the vessels. Rapid vulnerability assessments
of two Namibian fishing communities, one of which consists of the collection of
mussel shells along the coastline by women for making traditional jewellery and the
other of shore-based line-fishers, indicated a lack of financing and adequate equipment,
increased costs (e.g. for bait) and low achieved prices, poor organization, and declining
(mussel shells) or a reduction in size (line-fishers) of harvested resources as major
stressors (FAQO, 2015a). Shell-collectors reported that shells are now more brittle than
previously, which compromises product quality, and line-fishers reported changing
weather patterns and changing seasonal distributions of some fish species.

South African fisheries

The South African marine fishery rated by the 2015 workshop (Augustyn er al., 2018;
Hampton et al., 2017) as being most vulnerable to climate change was the small-scale
fishery for line- and net-fish, a significant proportion of which are caught on the west
coast as here defined. This is because of the fishery’s sensitivity to both large-scale and
small-scale changes in the environment, the large number of people involved, and the
fact that, with the exception of the recreational sector, individuals and communities
in this fishery are generally poor, relatively unskilled and socially disadvantaged,
resulting in a very limited capacity to adapt to adverse changes (Hampton ez al., 2017).
Furthermore, they are often severely restricted by legislative and logistical constraints
on the species and areas available to them, and since they operate from small boats
or from the shore, they are more affected by deteriorating weather conditions than
fishers in the larger-scale commercial fisheries. Rapid vulnerability assessments of two
communities indicated that climate change and variability, seasonal changes in fish
availability, unemployment and poaching, and a lack of government support were the
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main stressors perceived (FAO, 2015a). Changing seasons, and stronger southeasterly
winds in summer and changes in west coast rock lobster distribution were also reported.

The fishery for small pelagic fish on the west coast and western Agulhas Bank was
rated as the second-most vulnerable to climate change because of the sensitivity of the
resource to environmental perturbations, its commercial value and the large number
of people employed in the fishery. The vulnerability to climate change of the fishery
for west coast rock lobster was rated as moderately high because of the evident major
response to environmental change in the recent past, the relatively high value of the
fishery in terms of income and employment, and the comparatively poor ability of
fishers to adapt because of the small-scale nature of most of their operations and the
scarcity of alternative employment opportunities in the remote areas where many of
them operate. Alleviating factors are the fact that it has been shown through laboratory
experiments (Knapp et al., 2016) that juvenile and adult rock lobster are well adapted
to the highly dynamic upwelling system which they inhabit, and that recovery from all
but the most extreme walk-out events in the past has been relatively rapid. It has also
been recognized that the eastward shift in distribution has had some benefits to the
fishery, and that because of coastal topography, future walk-outs are unlikely to spread
beyond the Elands Bay area, where they currently occur.

In contrast to the above fisheries, the demersal trawl fishery as a whole was rated
as one of the least vulnerable to climate change at present, despite its high value and
relatively large labour force, because of the apparent tolerance of hake to changes in the
environment, and the fact that the major part of the fishery is heavily industrialized,
with the financial and technical resources to adapt to changes in resource abundance
and distribution.

11.2.5 Responses and adaptation options

Angola, Namibia and South Africa are member states of the Benguela Current
Commission (BCC) and have signed the Benguela Current Convention, the objective
of which is to “promote a coordinated regional approach to the long-term conservation,
protection, rehabilitation, enhancement and sustainable use of the BCLME to provide
economic, environmental and social benefits” (BCC, 2013). Most recently, the BCC
has partnered with the FAO in a project that aims to build resilience and reduce the
vulnerability to climate change of marine fisheries and mariculture sectors within the
BCLME through strengthening adaptive capacity and implementing participatory
strategies. This is to be achieved, inter alia, by integrating fisheries climate change
considerations into fisheries policies and planning, piloting improved climate-resilient
fisheries practices, and capacity building and the promotion of climate-resilient
fisheries practices.

Angola

Angola’s NAPA (MoE, 2011) submitted to the United Nations Framework Convention
on Climate Change (UNFCCQC) lists several priority actions pertinent to fisheries,
including the need to study vulnerability of this sector to climate change and changing
water currents, and to create early warning systems for flooding and storms (FAO,
2013). Activities in the former include establishing models to investigate climate
change impacts in the northern Benguela Current ecosystem and coastal fisheries, and
developing climate monitoring infrastructure in the latter. However the coordination
of climate change adaptation plans and measures in the Angolan marine fisheries sector
is still at an early stage.

Adaptation strategies identified in FAO’s (2015a) study that were broadly common
across all communities investigated included the upgrading of fishing vessels and gear
to improve fisher safety, increasing organization at a local level through cooperatives,
improving post-harvest infrastructure and marketing, implementing training and
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capacity building programmes to enhance skills development, developing additional
income-generating opportunities such as aquaculture, instituting legal protection
for small-scale fishers, and developing community-level participation monitoring
and participatory research with government and other institutions. FAO (2015a)
emphasize that building adaptive capacity to climate change in small-scale fishing
communities is best achieved by enhancing the general resilience of those communities,
and recommend developing and strengthening local organizations, rebuilding fisheries
through local co-management plans and community-monitoring programmes,
developing complementary livelihoods in partnership with local non-governmental
organizations and government agencies, and addressing broad socio-economic rights
of fisher communities. For Angolan fishing communities specifically, adaptation
strategies included limiting the number of industrial vessels, developing early warning
systems for extreme weather conditions, improving fisheries compliance, and shifting
fishing effort to new locations FAO (2015a).

Namibia

Namibia’s national climate change policy promotes integrated fisheries management,
integrated coastal zone management for the protection of marine resources, and the
strengthening of joint management of shared fish stocks as actions to address climate
change impacts on the fisheries sector (FAO, 2013; MET, 2010). Adaptation plans for
Namibia’s marine fishing sector are also at an early stage at present. Special attention
may well be given to the small pelagic and rock lobster fisheries, both of which have
poor ability to adapt, the former because the industry is constrained by low profit
margins and does not have other resources to turn to, and the latter because of the
small-scale nature of the fishery and the lack of alternative resources to turn to or other
sources of employment in the area. In addition to the common possible adaptation
measures for coastal communities on the west coast listed above for Angola, Namibian
shell-harvesters are now using additional materials such as freshwater mussel and
ostrich shells for jewellery production, travelling further to harvest shells, and
developing local (e.g. tourist) and international markets, whilst line-fishers identified
accessing new resources and new fishing areas as possible adaptation options (FAO,
2015a).

South Africa

A number of adaptation measures have been proposed for the highly vulnerable small-
scale line- and net-fishery in South Africa as a whole, such as improving detection and
capturing ability, targeting new species and making better use of catches (e.g. through
developing refrigeration infrastructure at landing sites to improve fish quality), moving
to larger, safer vessels and better protecting small boat harbours, improving predictions
of distributional changes through development of better bioclimatic models, and
providing fishers with better access to weather predictions and other information
important to them (Augustyn et al., 2018). There have also been a number of socio-
economic initiatives which could facilitate adaptation significantly, the most far-
reaching of which, particularly for the small-scale fisheries for line-fish, rock lobster
and other resources, is the government’s new Policy for the Small Scale Fisheries Sector
in South Africa (Government Gazette, Republic of South Africa, 2012), scheduled for
full implementation by 2018. This policy acknowledges the threats posed by climate
change and contains many elements to improve governance and cooperation between
communities and government, and strengthen interaction and cooperation within
the communities themselves. As such it could be an effective vehicle for informing
them of incipient climate change effects and harnessing their assistance in monitoring
climate change effects on the ground, and helping them to adapt to it. Common
possible adaptation measures for coastal communities in general are as listed above for
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Angola, but South African small-scale fishers also identified declaring exclusive small-
scale fisheries zones, changing fishing areas to follow the fish, exploring new fishing
areas, and improving marketing as adaptation options (FAO, 2015a). In addition, a
novel information and communications technology approach aimed at developing
social justice and poverty-alleviation in small-scale fishing communities has recently
been pioneered in South Africa through a suite of inter-connected mobile phone
applications (known as ABALOBI'). Designed for small-scale fisheries governance and
following the small-scale fisheries policy and FAO guidelines for securing sustainable
small-scale fisheries (FAO, 2015b), the applications enable small-scale fishers to be
incorporated into information and resource networks, including fishery monitoring
and maritime safety, local development and market opportunities, and will promote
traceable seafood production by small-scale fishers.

Suggested ways of adapting to the threats of climate change by the small pelagic
fishery include making better use of present resources through product beneficiation
(e.g. processing anchovy and round herring for human consumption), developing
fisheries for alternative resources such as mesopelagic fish species (an experimental
fishery for mesopelagics has been underway since 2011), using larger vessels that are
better able to withstand adverse sea conditions and alternative fishing methods (e.g.
midwater trawling), and allowing for greater variability in resource abundance and
availability in management measures (Augustyn et al., 2018). It has been recognized that
the high capital cost of converting to new fishing and processing methods and building
new vessels and factories, etc. will be a major constraint, which rights-holders will be
reluctant to embark on unless they have secure long-term fishing rights. Consideration
of the applicant’s ability and willingness to make such investments when allocating
long-term rights would be in itself an adaptation measure. The predicted reduction in
anchovy biomass as a consequence of ocean warming could have substantial negative
socio-economic effects, given the importance of this species to the small pelagic fishery
as well as its ecological importance as forage for other commercially exploited species.
Strategic fisheries management should plan for these potential changes, including
further developing models to provide plausible and robust outcomes to climate change
for key fisheries species, considering the combined effects of climate drivers and fishing
in fisheries management plans, and implementing management plans that attempt to
maintain the resilience of key species and the ecosystem (Ortega-Cisneros et al., 2018).

No specific adaptation measures for the west coast rock lobster fishery have
yet been suggested but an aggressive stock-rebuilding strategy and combating the
illegal harvesting of this resource is required to promote recovery of the rock lobster
population (Augustyn ez al., 2018). In addition, a number of adaptation measures
suggested for the small-scale line-fishery are likely to be applicable, including moving
to larger and more seaworthy vessels and improving small boat harbours. It can
also be expected that better understanding of changes in distribution in response to
environmental change through further research and improved monitoring will be
beneficial in adapting to these changes.

11.3 SOUTH COAST

11.3.1 Fisheries of the region

Several of the species caught in the industrial-scale fisheries off the west coast of South
Africa are also targeted off the country’s south coast, including Cape hakes, Cape horse
mackerel, and sardine. The hake resource on the south coast is exploited by offshore
and inshore trawlers, long-liners and (close inshore) hand-liners, with shallow water
hake dominating the catch and annual catches of 50 000 tonnes reported over the

! http://abalobi.info/



234

Impacts of climate change on fisheries and aquaculture

period 1990 to 2015 (Figure 11.4). Horse mackerel are targeted by midwater trawlers in
this area, with annual average landings of this species around 19 000 tonnes, more than
double those taken off the west coast. Sardine have only been caught in this area since
the late-1980s and whilst annual landings of more than 100 000 tonnes of this species
were recorded in the mid-2000s they have declined substantially since (Figure 11.4).

The small-scale line-fishery (already discussed in the context of the west coast)
is another important fishery on the South African south coast with around 80 small
vessels active; important species in this region include the kob (Argyrosomus spp.),
geelbek (Atractoscion aequidens), carpenter (Argyrozona argyrozona) and several
seabreams (e.g. Chrysoblephus spp.), and average annual catches are of the order
of 2 000 tonnes. A dramatic increase in fishing effort and improvements in fishing
technology during the 1980s and 1990s resulted in over-exploitation of and massive
declines in populations of many line-fish species targeted by the commercial and
recreational fisheries, with one species (dusky kob, Argyrosomus japonicus) falling to
below two percent of pristine levels (DAFF, 2016). Whereas substantial reduction in
fishing effort implemented in both sectors in the early-2000s has enabled the partial
recovery of some line-fish species, other important species have not recovered and
may need more drastic measures to facilitate re-building. There is also a jig fishery for
chokka squid, which is caught when aggregating to spawn in summer in inshore areas
between approximately 24 °E and Port Elizabeth, with annual catches ranging between
3 000 and 14 000 tonnes (Figure 11.4).

FIGURE 11.4
Catches of important fisheries species in the south coast region, including annual landings of
Cape hakes, Cape horse mackerel, sardine, and chokka squid, 1990 to 2015
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Source: Data from www.fao.org.

11.3.2 Observed and projected impacts of climate change on the environment
Satellite imagery has shown that since the 1980s the inshore region of the south coast
has cooled between April and August by around 0.4 °C per decade (Rouault, Pohl
and Penven, 2010), most likely as a result of increased upwelling there. As for the west
coast, however, correcting for a warm bias in previous satellite-derived data indicates
that this region has not cooled substantially (Blamey er al., 2015; [Figure 11.3]). In
contrast, and consistently, despite which satellite data were used, the Agulhas Current
has warmed in all months of the year by up to 0.6 °C per decade as a result of increased
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wind stress curl in the South Indian Ocean, increasing the thermal gradient across the
shelf (Rouault, Pohl and Penven, 2010; Blamey et al., 2015; [Figure 11.3]). Hobday and
Pecl (2014) examined 50 years of historical global SST data and identified the South
African south coast as one of 24 global marine hotspots where the ocean is warming
faster than elsewhere. Subsequent simulations have suggested that this hotspot will
experience further changes in circulation patterns, a 3 °C increase in SST, decreased
pH, a shallowing of the upper mixed layer and declining primary production (Popova
et al., 2016).

Analyses of wind data have shown a significant increase in upwelling-favourable
winds on the Agulhas Bank over the period 1979 to 2014, particularly after 2007
(Lamont er al., 2018), and sea level rise in this region is of the order of 1.5 mm per
year (Mather, Garland and Stretch, 2009). There have also been substantial changes
in river inflow, as a result of changes in rainfall over the interior (Augustyn er al.,
2018), which have significantly affected estuarine and near-shore environments there.
As observed off the South African west coast, there has been a long-term decline in
copepod abundance off the south coast over the period 1988 to 2011, accompanied by
an increase in the relative proportion of small calanoid copepods (DEA, 2016).

11.3.3 Effects of climate change on stocks sustaining the main fisheries

The incidence of harmful algal blooms on the South African south coast may be
increasing as a consequence of climate change, with several unprecedented blooms
occurring there over the past decade. The spatial extent of these HABs coincided with
near-shore aggregations and wash-ups of sardine, and sardine within the bloom area
were in markedly poorer condition than sardine elsewhere, but the blooms did not
appear to have a deleterious impact on either anchovy or round herring (van der Lingen
et al., 2016). This reduction in sardine condition is likely to have negative implications
for spawning success and subsequent recruitment given that clupeoid reproductive
output is to some extent dependent on stored energy. Additionally, sardine catches off
the south coast in general and off Port Elizabeth in particular have declined markedly
since the first of these extensive HABs was observed off the south coast in 2011
(DAFF, 2016).

The distribution of some 30 estuarine and marine subtropical line-fish species on
the east coast has expanded into the warm-cool transition zone on the south coast
(Augustyn et al., 2018) which suggests a common environmental cause, and such
changes are predicted to continue (James, Whitfield and Harrison, 2016). Some of these
species are of importance to the small-scale fishery, e.g. spotted grunter Pomadasys
commersonni which has established a permanent breeding population on the south
coast where it only occurred seasonally and did not spawn there previously (Augustyn
et al., 2018). Water temperature is a major driver of these distributional shifts but
changes in circulation patterns and production on the shelf, and reduced run-off from
rivers, with which catch rates of many line-fish species on the east coast have been
found to be correlated (see below) are also likely causes. Rainfall on the south coast is
projected to decrease under climate change (Engelbrecht, McGregor and Engelbrecht,
2009), which may limit production and food availability in estuarine and the near-shore
zones (Potts, Gotz and James, 2015). Increasing sea levels are anticipated to influence
coastal fish species through the loss of intertidal areas which act as important nursery
areas for both resident and migratory species, with likely negative impacts on their
recruitment (Potts, Gotz and James, 2015).

In the chokka squid fishery, there have been large interannual variations in catch
despite strict management measures, which suggests that the resource is highly sensitive
to environmental drivers. Hypotheses include increases in turbidity adversely affecting
spawning behaviour, direct effects of temperature on the growth of all life history
stages, and indirect effects such as the effect of temperature changes further offshore on
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the production of copepods, which are the main prey of para-larvae (Augustyn et al.,
2018). Surprisingly, the simulations by Ortega-Cisneros et al. (2018) referred to above
indicated that cephalopod biomass would increase under predicted warming, but the
low model skill in simulating the biomass of this group in preliminary analyses likely
led to an overestimate of its resilience. Those simulations indicated a reduction in horse
mackerel biomass of around 30 percent by 2050 arising from the impact of warming.

11.3.4 Vulnerability and opportunities for the main fisheries and those
dependent on them

The factors which make the small-scale line-fishery on the west coast the most
vulnerable of the fisheries there apply equally, if not more so, to this fishery on the
south coast. In particular, increasing winds will likely have a serious negative impact
on fishing operations, given that many line-fishers use small, displacement hull
vessels, which are launched from a slipway and hence are particularly dependent on
atmospheric conditions for fishing, and wind strength is a highly significant predictor
of the proportion of boats that attempt to fish (Augustyn et al., 2018). Aggravating
factors are the greater volume (and therefore greater variability) in river inflow in
this region, and the more pronounced changes in temperature because of the more
direct influence of the Agulhas Current on the south coast ecosystem. A south coast
fishing community for which a rapid vulnerability assessment was conducted listed
overfishing, poor adherence to regulations and price control by fish buyers as the
most important stressors, and noted changes in wind patterns (FAO, 2015a). Access
to finance was seen as the most critical need for small-scale line-fishers, who also
identified the need for participatory management and research, in addition to the other
adaptation options listed in the sections on the west coast above.

The vulnerability to climate change of the inshore chokka squid fishery has been
rated as moderately high (Hampton et al., 2017). This is because of its apparent
sensitivity to environmental effects, the comparatively high value of the catch, and
its socio-economic importance to coastal communities. The vulnerability is alleviated
somewhat by the fact that stock dynamics have been studied since the 1990s, and the
industry is relatively well capitalized, organized and managed, all of which should
make the fishery more adaptable in the long-term than most in South Africa. Factors
contributing to the vulnerability of the small pelagic fishery off the west coast also
apply in the main to the sardine fishery off the south coast.

11.3.5 Responses and adaptation
The climate change adaptations that have been suggested for the small-scale line-
fishery on the west coast should in general apply equally well to that on the south
coast, perhaps with a greater emphasis on measures to improve safety because of the
greater threat of increasing frequency and severity of storms on this coast, and this
applies both to fishing vessels and harbours. As on the west coast, the government’s
incipient implementation of the small-scale fisheries policy could facilitate and provide
powerful incentives for cooperative climate change adaptation initiatives in this fishery.
Adaptation measures that have been considered (and in some cases initiated) in
the inshore jig fishery for chokka squid are to improve vessel safety and sea-going
ability; strengthen harbour defences (with benefits also for the small-scale line-fishery)
and improve disaster responses against an anticipated increase in storms; encourage
diversification, and to introduce insurance schemes and cooperatives to cushion fishers
against a severe downturn in catches (Augustyn ez al, 2018). Note, however, that
despite its apparent ability to adapt in the long-term, the industry currently has very
limited ability to adapt to short-term fluctuations in catch, evidenced for example, by
the extreme hardship suffered by fishers and their dependents in 2013, when catches
dropped unexpectedly to less than half those of the previous year (Augustyn et al., 2018).
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Adaptation options for the sardine fishery include targeting anchovy using alternative
fishing methods such as midwater trawling off the south coast, where they occur in
abundance but are not presently caught, and processing it for human consumption.

11.4 EAST COAST
11.4.1 Fisheries of the region

South African fisheries

The most important fisheries here are the shore and small-boat based fisheries for a
wide range of line-fish along the Eastern Cape and Kwazulu-Natal coasts. Many of
these species are the same as those caught inshore on the south coast, especially along
the Eastern Cape coast, and landings of the commercial and recreational boat-based
fisheries off the South African east coast are around 1 200 tonnes per annum (Augustyn
et al., 2018). Shallow-water prawns (principally Fenneropenaeus indicus) and deep-
water prawns (Haliporoides triarthus and others) are targeted where the shelf widens
into the Tugela Bank north of Durban. Catches of deep-water species have fluctuated
between 50 and 200 tonnes per annum with a slight increasing trend over the past 25
years. In contrast, catches by the shallow-water fishery have been persistently low for
the past decade (DAFF, 2016). Sardine that undertake an annual winter migration from
the south coast into KwaZulu-Natal waters during winter (the so-called “sardine run”)
are harvested by a small, seasonal beach-seine fishery, annual catches of which have not
exceeded 700 tonnes (van der Lingen, Coetzee and Hutchings, 2010). The sardine run
also supports a recreational fishing and eco-tourism industry whose value in terms of
revenue far exceeds that of the small catch from beach-seining (Hutchings et al., 2010).
Combined landings of South African fisheries in this region are typically less than
3 000 tonnes per annum (S. Lamberth, DAFF, personal communication).

Mozambican and Tanzanian fisheries

By far the most important fisheries in Mozambique and the United Republic of
Tanzania in terms of landings, employment and food security are the artisanal fisheries
along the entire coastline for an extremely diverse range of small species including
sardinellas (e.g. Sardinella gibbosa), anchovies (e.g. Thryssa wvitrirostris), lethrinids
(emperor fish Lethrinus spp.) and other fishes that are taken from the beach, estuaries
and coastal wetlands, or are caught close inshore, mostly from row or sail boats (Bultel
et al., 2015; Doherty et al., 2015). In Mozambique, increasing numbers of people are
turning to small-scale fishing in response to decreasing agricultural productivity arising
from recent droughts (Benkenstein, 2013). In both countries there are also relatively
small semi-industrial and industrial fisheries from larger vessels, which fish for larger
fish and penaeid prawns (e.g. Fenneropenaues indicus) in deeper water (e.g. the Sofala
Bank off Mozambique) and that were initiated in the 1960s.

Reconstruction of marine catches off both Mozambique and the United Republic of
Tanzania has been undertaken to account for substantial under-reporting of artisanal
catches in both countries and the inclusion of discards by Mozambique’s industrial
fishery, and reconstructed catches were 6.2 and 1.7 times greater than reported to the
FAO for Mozambique and the United Republic of Tanzania, respectively, over the
period 1950 to 2005 (Jacquet et al., 2010).
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FIGURE 11.5
Annual landings of marine fishes and crustaceans (principally shrimps)
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(A) Mozambique and (B) the United Republic of Tanzania from the east coast region, 1990 to 2015, showing annual total country
landings as reported to the FAO (histograms; data from www.fao.org) and reconstructed catches (dashed lines) as reported by Doherty
et al. (2015) for Mozambique and Bultel et al. (2015) for the United Republic of Tanzania.

Mozambique’s estimated annual marine fishery catches (reconstructed) declined
from 200 000 tonnes to around 130 000 tonnes between 1990 and 2010, but FAO-
reported catches are now more representative of reconstructed catches and have
increased to 180 000 tonnes during the past five years (Figure 11.5A). The United
Republic of Tanzania’s annual marine fishery catches (reconstructed) have shown a
slight increase from mostly below 100 000 tonnes during the 1990s to mostly above
100 000 tonnes in the subsequent decade but there is still a substantial difference (of the
order of 45 000 tonnes) between estimated reconstructed catches and those reported to
the FAO (Figure 11.5B).

11.4.2 Observed and projected impacts of climate change on the environment
There is satellite evidence that since the 1980s, shelf waters along the South African
east coast have warmed throughout the year by between 0.2 °C and 0.5 °C per decade
on average, particularly off the Eastern Cape coastline (Lloyd et al., 2012; Rouault,
Penven and Pohl, 2009; Rouault, Pohl and Penven, 2010; [Figure 11.3]). The Agulhas
Current has become warmer in recent decades, attributed to increased trade winds
and a poleward shift in the westerly wind belt in the South Indian Ocean (Rouault,
Penven and Pohl, 2009), and there has also been an intensification of mesoscale
variability resulting in substantial changes in meanders of the Agulhas Current on
its shoreward side (Backeberg, Penven and Rouault, 2012). A recent increase in the
frequency and intensity of tropical cyclones originating in the South Indian Ocean
has also been reported (Mavume et al., 2009). These, in conjunction with marked
changes in rainfall in the interior in recent years, have markedly affected river flow
along the KwaZulu-Natal coast in particular (Lamberth, Drapeau and Branch, 2009).
Ship-based monitoring programmes off the South African east coast have not to date
been comprehensive enough to enable the detection or prediction of long-term trends
in variables such as oxygen concentration, phyto- and zooplankton production and
ocean acidity in this region.

Similar changes in the marine environment have been observed off Mozambique
and the United Republic of Tanzania. Sea surface temperatures along the African east

coast have risen over the past 60 years with warming most intense off Mozambique
and the United Republic of Tanzania (Lough, 2012). Whereas Mather, Garland and
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Stretch (2009) reported that sea level in this region has risen at a rate of almost 3 mm
per year between 1967 and 2006, Han ez al. (2010) identified a distinct spatial pattern
in Indian Ocean sea levels since the 1960s, with the south tropical Indian Ocean off the
United Republic of Tanzania (but not off Mozambique) showing a substantial decrease
in sea level whereas this had increased elsewhere. These trends, together with increases
in tropical cyclones, storm surges and flooding that are aggravated by increasingly
unpredictable heavy rainfall over the land, will likely impact coastal habitats, resources
and infrastructure markedly, impacting the livelihoods of the many fishers along the
coast and their dependents. Particular threats in these countries are coral bleaching
(McClanahan et al., 2007) and a general decrease in coral cover and changing coral
communities (McClanahan et al., 2014), as well as the effect of sea level rise, increased
sedimentation and other impacts such as overharvesting and clearing for agricultural
use or coastal development on mangrove forests, which extend over large sections of
the coast and coverage of which has declined by 20 percent to 30 percent over the past
few decades (Lugendo, 2015).

11.4.3 Effects of climate change on stocks sustaining the main fisheries

South African fisheries

The previously noted poleward movement of some 30 estuarine and marine species
on the east coast, apparently in response to increases in temperature, changes in
circulation patterns and in particular decreases in river inflow, has resulted in severely
reduced catches of some of the exploited line-fish species there (Augustyn et al., 2018).
Predicted changes in precipitation and freshwater abstraction suggest that catches are
likely to continue declining. Similarly, ocean warming off Kwazulu-Natal has resulted
in a change in the species composition of reef fish, with the relative proportion of
temperate species decreasing and that of tropical species increasing (Lloyd ez al.,
2012). There has also been a decline in the abundance of other co-habiting lightly-
or unexploited species, suggesting a common environmental driver. In addition to
temperature-induced changes in distribution, impacts on fish physiology are also
anticipated, with growth rates and reproductive scope likely to decline once critical
temperature thresholds are reached (Potts, G6tz and James, 2015). The reduced
river inflow, arising from reductions in rainfall, aggravated by an increase in water
abstraction and other agricultural practices, has caused river mouth closures and a
reduction in the deposition of sediment in the near-shore zone, affecting species that
utilise estuaries as breeding and nursery areas (Augustyn et al., 2015), or those that
rely on nutrients from sediments for growth, such as the shallow-water prawns, which
have now become scarce in inshore waters, almost collapsing the trawl fishery there.
In addition, there appears to have been a recent reduction in the occurrence and/or
magnitude of the sardine run in the past decade (van der Lingen, 2015). This could well
be primarily a result of the increase in water temperatures on the east coast shelf and
an associated weakening in the circulation processes that favour the migration, but may
also be because of increased fishing pressure on sardine on the south coast.

Mozambican and Tanzanian fisheries
Artisanal catches in Mozambique have declined significantly in the past decade or
so (Doherty et al., 2015) and critical fisheries resources there are considered over-
exploited (Blythe, Murray and Flaherty, 2014). These declines have been attributed
both to human factors such as overfishing and destructive fishing practices such as
dynamiting (Blythe, Murray and Flaherty, 2014; Yusuf et al, 2015), and to climate
disturbances (McClanahan and Muthiga, 2017).

The destruction or degradation of fish spawning and nursery grounds and feeding
areas is considered to be the main impact of climate change on Tanzanian fisheries (DoE,
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2012), with coral reef bleaching and a reduction in mangrove cover obvious examples.
Coral reefs are complex ecosystems with a high faunal diversity and are important to
both fisheries and tourism in East Africa, and climate change is considered the greatest
threat to coral reefs, principally from rising SST and ocean acidification (Obura, 2015).
Coral bleaching has led to substantial damage to coral reefs and changes in these
habitats are one of the factors most likely to impact resident fishes in this region (Potts,
Gotz and James, 2015). However coral reefs appear to have the capacity to adapt to
changing temperatures more quickly than previously thought (Baker et al., 2004), and
Hughes er al. (2003) suggested that coral reefs will change their species composition
rather than disappear, with likely changes in the associated fish fauna towards more
generalist species (Jones er al., 2004). McClanahan and Muthiga (2017) reported that
the environmental and biodiversity portfolio characteristics necessary to promote
coral species adaptation and persistence during rapid climate change exist in northern
Mozambique. However, low fisheries compliance and widespread migratory fishing
that reduced fish diversity and biomass on the reefs resulted in negative impacts on
coral reef community life-history characteristics, emphasizing the need for increased
management restrictions and compliance in order to sustain these climate-adaptive
centers.

Similarly, mangrove forests are preferred nursery habitats for many species,
including several fishes and the commercially important shrimp species, and the
continued decline of mangrove cover will likely reduce recruitment of these species
with deleterious effects on both the small-scale and the semi-industrial prawn fisheries.
Other negative effects of mangrove forest loss include decreased estuarine biodiversity
and shoreline protection from extreme weather events (Lugendo, 2015), and increased
sedimentation and erosion, which have negative impacts on seaweed farming conducted
in adjacent, shallow intertidal areas (Quinn er al., 2017). As off the South African
east coast, changing rainfall patterns will impact estuarine and near-shore areas in
Mozambique and the United Republic of Tanzania, with low rainfall resulting in the
closure of estuaries, which also serve as important breeding grounds for shrimps and
small pelagic fishes that support small-scale fisheries (Benkenstein, 2013).

11.4.4 Vulnerability and opportunities for the main fisheries and those
dependent on them

South African fisheries

The evidently strong response to environmental forcing of fish targeted by the line-
and net-fisheries along the South African east coast, together with the socio-economic
importance of these fisheries, and (with the exception of the recreational sector), the
very low adaptive ability for a variety of social reasons, were major considerations in
the small-scale line-fishery as a whole being rated as the marine fishery most vulnerable
to climate change in South Africa (Hampton er al., 2017).

Mozambican and Tanzanian fisheries

The national economies of Mozambique were ranked as the eighth and the United
Republic of Tanzania the 31st most vulnerable to climate-change driven impacts on
fisheries by Allison et al. (2009). However, unlike in the agriculture sectors in these
countries, which have received much more attention because of their greater contribution
to the GDP in both, there have not yet been any comprehensive vulnerability
assessments for the marine fisheries sectors of these countries. Mozambique’s National
Climate Change Adaptation and Mitigation Strategy (MICOA, 2012) identifies fishing
as particularly vulnerable to climate change, primarily as a consequence of rising
seawater temperatures and changes in the distribution and availability of fish stocks.
Similarly, the United Republic of Tanzania’s NAPA (DoE, 2007) considered the coastal



Chapter 11: Southeast Atlantic and Southwest Indian Ocean marine fisheries

241

and marine resources of that country to be highly vulnerable to climate change because
of their substantial role in economic and social development, primarily because of
increases in seawater temperature and sea levels which would negatively impact coastal
resources and infrastructure. Cinner e al. (2012) reported that the United Republic
of Tanzania’s coral reef fisheries were the second-most vulnerable to climate change
impacts (coral bleaching) of five Western Indian Ocean countries (Kenya, Madagascar,
Mauritius, Seychelles and the United Republic of Tanzania), primarily because of high
sensitivity of these ecosystems coupled with low adaptive capacity. Anderson and
Samoilys (2016) attempted to assess the vulnerability to climate change of the Tanzanian
fishery for small pelagic fish, and reported that inadequate fisheries data represents a
serious challenge to understanding the sensitivity of this resource to climate change,
which limits the tracking of (and subsequent adaptation to) climate change impacts, and
insufficient social data make it difficult to assess the fishers’ adaptive potential. From
the large number of people involved, their generally poor circumstances, their heavy
and increasing dependence on fishing for their subsistence, and their vulnerability to
damage to coastal infrastructure, there can be little doubt that the artisanal fishers in
both countries are those most vulnerable to climate change. Those most exposed in
terms of their geographical location are likely to be most threatened.

11.4.5 Responses and adaptation

South Africa

The adaptation measures that have been suggested for the South African small-scale
line-fisheries in general, are applicable to the east coast as well, particularly those aimed
at improving safety and operability in response to the threat of increasingly severe
weather perturbations from the South Indian Ocean. Because of the changing species
base caused by environmentally-driven emigration and immigration of certain species,
measures to target alternative species and/or make better use of catches through
infrastructure development, would also seem to be of particular importance. It is hoped
that, as on the west and south coasts, improved coordination and communication
between fishers, and between small-scale fishing communities and government,
espoused by the South African small-scale fisheries policy, will be effective in increasing
awareness of climate change among these fishers, and in assisting them to adapt to it.

Mozambique and the United Republic of Tanzania

Neither Mozambique nor the United Republic of Tanzania have yet developed specific
national plans for increasing the resilience of their marine fisheries to climate change.
However, both countries have recognized the need to do so and have made some
progress towards doing so (see below). Both countries have opted to concentrate on
raising awareness of climate change among small-scale fishing communities, and are
moving towards rights-based local resource management and participatory fisheries
management as primary adaptation measures. Some of the adaptation initiatives for
small-scale fisheries elsewhere in the region (particularly in the artisanal fishery in
Angola, which faces similar challenges in many respects) could well apply to the East
African artisanal fisheries as well. Both Mozambique and the United Republic of
Tanzania are participants in the Southwest Indian Ocean Fisheries Governance and
Shared Growth Programme (known as the SWIOFish programme?) of the World
Bank/Global Environmental Facility, which aims to enhance regional collaboration in
fisheries research and management, improve governance of priority fisheries including

2 http://projects.worldbank.org/P132123/south-west-indian-ocean-fisheries-governance-shared-
growth?lang=en
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developing fisheries resilience to climate change, and increasing economic benefits
from priority fisheries.

Mozambique’s National Climate Change Adaptation and Mitigation Strategy
(MICOA, 2012) identified increasing water temperatures, sea level rise and increasing
tropical cyclones as the major climate change impacts on its fisheries sector. Increasing
the resilience of the fisheries sector to these impacts is to be achieved by promoting
aquaculture as a response to decreasing fish stocks and increasing demand; regenerating
mangroves and implementing protective measures for sea grass, corals, and other
important areas for fish spawning and feeding; improving information quality to
and skills of small-scale fisheries; and reinforcing control and management measures
for fisheries to facilitate stock renewal and maintenance. Coastal zones, fisheries and
tourism combined comprise one of the ten thematic areas to be addressed by the
Centre for the Management of Climate Change Knowledge through the collection and
dissemination of relevant knowledge, conducting vulnerability studies, contributing to
the formulation and monitoring of climate change policies and strategies, and meeting
research needs (MICOA, 2012).

Mozambique has adopted a participatory fisheries management approach by
establishing a country-wide, community-level organizational system that brings
together fisheries community councils and government extension workers to cooperate
on a variety of issues, including climate change impacts on fisheries, and which link
into the national governance system (FAO, 2014). Important actions to strengthen
resilience in fisheries include the development of flexible, climate-adaptive fisheries
policies able to react quickly to changing environmental conditions, investigating
the socio-economic impacts of climate change, and harmonizing climate change and
disaster management response policies between capture fisheries and aquaculture
(FAO, 2014). The development of early warning systems for extreme weather
(cyclones) using simple technology (flag/traffic light system and/or cellphones) is
presently being piloted by Mozambique’s Ministries of Fisheries and of Meteorology.

Coastal communities in Mozambique have adapted to declining catches in different
ways and depending on their investment levels (Blythe, Murray and Flaherty,
2014); specialized fishers with a relatively high investment in fishing gear adapt by
intensifying their fishing efforts whereas poorer fishers with less investment adapt
by livelihood diversification into non-fishery sectors. In both groups adaptation is
facilitated by fishers’ groups, occupational pride and family networks, and inhibited
by limited assets, competition over declining resources and poverty. Adaptation is
thus a heterogeneous process influenced by multiple factors, hence understanding the
complexity of fishers’ responses to changes is critical for fostering adaptive capacity in
coastal communities (Blythe, Murray and Flaherty, 2014).

Strategic objectives for fisheries outlined in the United Republic of Tanzania’s
national climate change strategy (DoE, 2012) include increasing the protection and
conservation of aquatic ecosystems (e.g. mangroves), exploring alternative and/or
diversified livelihoods for fishing communities, and promoting environmentally friendly
adaptive technologies in fish catching, processing and storage. These will be achieved
by improved monitoring of fisheries habitats and species, enhancing the protection
of aquatic systems, facilitating the development and/or enhancement of integrated
data management systems within the fisheries sector, and supporting alternative
livelihood initiatives for fishing communities including the promotion of aquaculture.
Measures to protect mangrove forests through the establishment of conservation areas
and replanting in deforested areas have been included in an integrated coastal area
management programme developed for Zanzibar. Whereas protected areas do seem to
reduce exploitation pressure on mangroves, the effectiveness of the integrated coastal
area management programme to conserve mangroves in the face of apparent increasing
exploitation remains unclear (Quinn ez al., 2017).
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The majority of communities in coastal areas in the United Republic of Tanzania
depend on fishing as a dominant economic activity (Sigalla, 2014) with some also
utilizing mangroves for firewood and timber, as well as being engaged in farming. In
some communities, declining catches, destructive fishing practices and illegal mangrove
cutting have been addressed through participatory management between communities
and local District Councils, as in Mozambique. These included the delineation of
collaborative management areas and the development of specific management plans
for each, including area closures, monitoring and enforcement, and have resulted in
significant declines in dynamite fishing and the recovery of coastal resources (Verheij,
Makoloweka and Kalombo, 2004). Other communities have responded to their
increased awareness of mangrove forest loss by introducing protection and rotational
harvesting schemes (Quinn et al., 2017). Despite some success, however, Mwaipopo et
al. (2011) point out that coastal community-based organizations in the United Republic
of Tanzania operate in a dynamic environment with changing social, economic and
political contexts that impact on their activities, and that a lack (in most cases) of a
legal mandate for such organizations severely constrains their capacity to engage in
sustainable natural resource use practices. In other communities, declining fish catches
were primarily seen as an effect of increased fishing effort and not an impact of climate
change, and adaptation and coping strategies were focused on farming operations and
alternative livelihoods that did not include fishing (Mbwambo er al., 2012).

A similar pattern of adaptation strategies to those observed in Mozambique coastal
communities (Blythe, Murray and Flaherty, 2014) was reported by Cinner et al. (2011)
for Tanzanian communities; fishers that would employ amplifying responses (such as
increasing fishing effort) in the face of declining catches had greater economic wealth,
whereas those that would adopt dampening responses (such as reducing fishing effort)
tended to have alternative livelihood options. The characteristic that fishers having
higher levels of infrastructure development and economic vitality are less ready to exit
a declining fishery compared to those with alternative livelithood options and lower
catch value appears to be a general phenomenon in Western Indian Ocean fishing
communities (Daw et al., 2012).
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KEY MESSAGES

® The economies of many countries and small island developing states (SIDS)
around and in the Western Indian Ocean (WIO) are strongly dependent on large-
scale commercial industrial tuna fisheries and small-scale coastal fisheries.

e Climate change has already had observable impacts on fisheries throughout the
WIO. Mounting evidence indicates that climate change is causing tuna species to
shift spatial distributions and range, and is expected to have knock-on effects on
coral reef fisheries in the WIO.

® Warmer habitats with declining productivity, increased human pressure on less
resilient coastal ecosystems, and major changes in distribution of large pelagic
species will induce strong social and economic impacts in the WIO.

* Asaresponse to changing spatial distribution, the mobile industrial fleets targeting
tuna and billfish would relocate outside the WIO. For locally operated domestic
fleets in the WIO, innovation in fishing techniques and gears will be a requirement
to adapt and mitigate the impact of evolving habitat.

® Whenever catch or effort allocation systems are in place for migrating species,
they should be adjusted periodically to account for the spatial patterns of target
species.

* Monitoring, information dissemination and awareness of vulnerabilities to
climate change in the WIO are currently weak and should be strengthened
through community-level vulnerability assessments, integrated monitoring
programmes that are effective and feasible with existing capacities, complemented
by implementation of an ecosystem approach to fisheries (EAF).

e Existing adaptive measures that could benefit the sector in the WIO include
1) developing and implementing fishery-specific adaptive management plans,
2) implementation, or strengthening, of effective systems of marine protected
areas (MPAs), 3) implementation of an EAF, the FAO Code of Conduct for
Responsible Fisheries and Voluntary guidelines on small-scale fisheries and 4) a
sustainable, inclusive blue economy approach.

® Partnerships at the local, regional and international levels will be key to achieving
capacity development for effective management of marine and coastal fisheries,
and building adaptive capacity and resilience to climate change in the WIO region.
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