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1. Introduction
A joint CAgM-JCOMM Task Team on Weather, Climate and Fisheries was formed in
2013. Its purpose is to, amongst other goals, pursue the understanding of the
impacts of climate change on fisheries and marine aquaculture, and to identify risk
assessment or management evaluation tools that incorporate climate variability in
order to improve the ecosystem-approach to management of fisheries. The full terms
of reference for the task team are provided in Annex 1 and the Task Team
membership is provided in Annex 2.
The first meeting of the task team was held in New Caledonia in conjunction with the
second Climate Impacts on Top Predators (CLIOTOP) Symposium on 16 February
2013, with a second meeting held in conjunction with the third CLIOTOP Symposium
in San Sebastían, Spain on 19 September 2015.
The work plan developed for the task team and endorsed by JCOMM Session IV and
CAgM XVI included the preparation of a synthesis report and policy brief on the
comparative impact and relevant importance of climate information on the status of
fisheries stocks with focus on climate variability, building on the Intergovernmental
Panel on Climate Change (IPCC) Assessment Report 5, Working Group II, both
regional and fisheries chapters. This Task Team Report provides an overview of
impact of climate on fisheries and the tools that are important for the evaluation of an
ecosystems-approach to management of fisheries. Meteorological and ocean climate
indices that support this management are discussed, along with a policy brief on the
climate, oceanic and fisheries information under the Global Framework for Climate
Services. This report reflects the work of this Joint Task Team as of April 2018.
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2. Climate variability impacts and relevant importance in contributing to

estimation of the status of selected fisheries stocks
2.1 Southern Ocean
Southern Annular Mode
The Southern Annular Mode (SAM) is the most important source of variability in the
atmospheric circulation of the mid to high latitudes of the Southern Hemisphere
operating on timescales longer than ~50 days (Kidston et al 2009). It is characterized
by a zonally symmetric atmospheric circulation pattern with pressure anomalies of
opposite sign in mid and high latitudes (Hartmann and Lo 1998; Kidson 1999;
Thompson and Wallace 2000; Thompson et al 2000; Baldwin 2001). The strength of
the westerly winds of the Southern Ocean is enhanced in the positive phase of the
SAM and weakened during the negative phase. The two phases influence
atmospheric circulation patterns and within marine systems, influence sea surface
temperatures (SSTs) and sea ice cover (Schofield et al 2010).
There is observational evidence that the SAM has become more positive in recent
decades (Visbeck 2009) largely in response to the development of the ozone hole
primarily, and increasing greenhouse gases and natural factors (Fogt et al. 2009).
This has enhanced westerly winds over the subpolar Southern Ocean with the band
of maximum wind stress shifting southwards (Thompson and Wallace 2000;
Trenberth et al 2007).
The influence of SAM on biological communities within the Southern Ocean has
been the focus of a number of studies. South of the Antarctic Polar Front (APF)
surface chlorophyll concentration anomalies have been observed to be positively
correlated with SAM, while those north of the APF observed to be negatively
correlated (Lovenduski and Gruber 2005). These differences have been postulated
to be driven by increased iron supply south of the APF and light limitation north of
the APF. Relationships with higher trophic levels are less clear. Murphy et al (2007)
noted that climatically driven SST anomalies in the South Atlantic sector of the
Southern Ocean generated through SAM and the El Niño Southern Oscillation
(ENSO) influenced the recruitment and dispersal of Antarctic krill (Euphausia
superba), a keystone species within the Antarctic marine ecosystem and the focus of
the largest fishery operating in the Southern Ocean since the 1970s. In the region
around South Georgia in the southern Atlantic Ocean, however both ENSO and SAM
were observed to have no significant relationships with average krill density (Fielding
et al. 2014).
2.2 Indian Ocean
Indian Ocean Dipole
Large-scale climate fluctuations in the Indian Ocean, known as the Indian Ocean
Dipole (IOD) are driven by patterns of inter-annual variability in sea-surface and
subsurface temperatures that result in changes in accompanying wind and
precipitation anomalies (Saji et al. 1999). The IOD is in a positive phase when an
2

anomalous upwelling occurs along the Sumatra-Java coast, enhancing cooling of
SSTs in the eastern Indian Ocean. This cooling couples with a westward wind
anomaly along the equator, resulting in a deepening of the thermocline and warmer
SSTs in the western Indian Ocean. As a result of warmer SSTs and a deeper
thermocline in the west, surface primary productivity decreases in the west and
increases in the east in association with upwelling and a shallower thermocline
(Marsac 2008). During negative phases the reverse occurs.
Shifts in the distribution of catches and catch rates of yellowfin tuna by the purse
seine fleet in the Indian Ocean have been associated with positive IOD events
(Marsac and LeBlanc 2000; Menard et al. 2007; Marsac 2008; Lan et al. 2013).
Catch per unit effort (CPUE) has been observed to be negatively correlated to the
IOD with a periodicity centred around 4 years. During positive IOD events, catch
rates have been observed to decline in the western Indian Ocean in association with
higher SSTs, a deepening of the thermocline and a reduction in surface net primary
productivity (NPP). At the same time, concentrations of surface schools increased to
the east in association with an anomalous shallow thermocline. During negative IOD
events, lower SSTs and higher NPP were associated with increasing CPUE,
particularly in the Arabian Sea and seas surrounding Madagascar, and catches
expanded into central regions of the western Indian Ocean (Marsac and LeBlanc
2000; Marsac 2008; Lan et al. 2013).
2.3 Atlantic Ocean
Impacts of climate variability on North Atlantic ecosystems and fisheries are well
documented e.g.(Stenseth 2004), however the processes governing the changes in
ocean physics and in biological systems on scales from interannual to multidecadal
variability are still being explored in order to provide a credible basis for projections
of future change and advice on adaptation. Two indices used to represent regional
patterns of climate behaviour are the Atlantic Multidecadal Oscillation (AMO) and the
North Atlantic Oscillation (NAO), both of which influence fish stocks and fisheries at
different time scales.
Atlantic Multidecadal Oscillation
The AMO is characterized by basin wide changes in Atlantic SST that persist for one
to several decades (Fig. 1). The AMO has a partially understood relationship to the
Atlantic Meridional Overturning Circulation (AMOC) and a profound influence on
many aspects of global climate. It modulates rainfall intensity in the Sahel and India
and influences Atlantic hurricane activity. Marine and terrestrial ecosystem impacts
of the AMO were described in the late 1930's and include shifts in species
distributions and variability in primary productivity across the North Atlantic and
adjacent continents (Brander 2003). Significant predictive skill for the AMO, with a
lead of 2–9 years, may be possible when AMOC processes are included in the
prediction (Trenary and DelSole 2016). One of these processes is a tripole stream
function centred around 20°N and apparently forced by the NAO, providing a linkage
between the two indices and also with the subpolar gyre (SPG) (Hátún et al. 2009)
across their very different time-scales.
3

Figure 1 - Detrended time series for North Atlantic SST from NOAA ERSST.v3b.
A recently established time series of SST (not shown) from annually resolved
coralline algal data from the northwest Atlantic Ocean extends the AMO back
six centuries (Moore et al. 2017).
Recent investigations of the influence of the AMO on marine ecosystems of the
North Atlantic have found that the AMO has a strong influence on phytoplankton
biomass, zooplankton abundance and a number of fisheries stocks including
Norwegian Atlantic herring (Clupea harengus) and sardine (Sardina pilchardus) in
the English Channel (Edwards et al. 2013). The warming of the North Atlantic from
the mid-1920s caused the distribution of cod to extend nearly 1000km northwards
along the west coast of Greenland, giving rise to a major fishery (Jensen 1939).
Spawning of Arcto-Norwegian Nordic cod has co-varied with AMO over the past 100
years (Tasker 2008).

North Atlantic Oscillation
The NAO is a dominant pattern of near surface atmospheric circulation variability
over the North Atlantic, accounting for one third of the total variance in monthly mean
sea level pressure (MSLP) across the North Atlantic (Hurrell et al. 2003; Hurrell and
Deser 2010). Atmospheric variables influenced by the NAO exert strong forcing on
ocean temperatures and salinity, vertical mixing, circulation patterns and sea ice
extent, with the greatest influence exerted on the ocean during the boreal winter.
Marine, terrestrial and freshwater ecosystems are all affected by the NAO (reviewed
in Hurrell et al. 2003).The significant effect of the NAO on recruitment of North
Atlantic cod provides an example of its influence at short (interannual) time scales,
but the processes linking changes in the physical environment to plankton production
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and thence to feeding and survival of planktonic cod life-stages are still uncertain
(Stige et al. 2006).
The NAO is the dominant high frequency (~7-25 years) atmospheric mode over the
North Atlantic, accounting for one third of the total variance in monthly mean sea
level pressure (MSLP) across the North Atlantic (Hurrell 1995; Ottersen and Visbeck
2003). Atmospheric variables influenced by the NAO exert strong forcing on ocean
temperatures and salinity, vertical mixing, circulation patterns and sea ice extent,
with the greatest influence exerted on the ocean during the boreal winter. The
physical responses of the ocean to the NAO varies spatially across the North Atlantic
with winter SSTs and wind strength in the North Sea correlated with the NAO, while
linkages with SSTs and wind on the western coast of Spain are less clear (Ottersen
et al. 2001).
The influence of the NAO on marine ecosystems in the North Atlantic has been the
subject of numerous studies since the late 1980s (reviewed in Drinkwater et al.
2003). Relationships between the NAO have been observed throughout trophic
levels from primary production (e.g. Edwards et al. 2001) through to top predator
populations, including species that are the focus of commercial fisheries such as
Atlantic cod (Gadus morhua; e.g. Brander 1994; 2007) and bluefin (Thunnus
thynnus) and albacore tuna (T. alalunga; e.g. Borja and Santiago 2001).
2.4 Pacific Ocean
The Pacific Ocean is also dominated by climate modes operating at varying
frequencies and spatial domains, with the ENSO phenomenon the principle source
of inter-annual global climate variability (Troup 1965; Trenberth 1991; McPhaden et
al 2006; Trenberth et al 2007). In the North Pacific, the North Pacific Gyre
Oscillation (NPGO) and the Pacific Decadal Oscillation (PDO) are the two dominant
sources of decadal variability and recent research has identified linkages between
ENSO, the NPGO and the PDO (DiLorenzo et al. 2013). The inter-annual variability
of ENSO and the strength of its climate teleconnections are modulated on decadal
timescales by a long-lived pattern of Pacific climate variability known as the Pacific
Decadal Oscillation (PDO) and the related Interdecadal Pacific Oscillation (IPO)
(Mantua et al 1997; Zhang et al 1997; Power et al 1999; Lough et al 2011). Most
research investigating on the impacts of climate variability on Pacific ecosystems
and fisheries have primarily focused on those associated with ENSO, with fewer
studies focused on the Pacific Decadal Oscillation (PDO), largely because long time
series of marine ecosystems allowing investigation of PDO/IPO effects are sparse.
El Niño-Southern Oscillation (ENSO)
The ENSO fluctuates between two phases, known as El Niño and La Niña. During
El Niño events, the easterly trade winds weaken along the equator. This results in
overall warming and in particular, an eastward displacement of warm water
associated with the Western Warm Pool (Picaut et al. 1996; Ganachaud et al. 2011).
The thermocline deepens on the central and eastern Pacific while shallowing in the
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western Pacific, upwelling and productivity in the Pacific Equatorial Divergence
(PEQD) decreases and a large part of the equatorial Pacific experiences unusually
warm SSTs. Teleconnections between the Pacific and Indian Oceans also result in
warmer SSTs across a large part of the Indian Ocean. La Niña events are typically
opposite to those of El Niño events, with stronger equatorial trade winds occurring
and a westward displacement of the Western Warm Pool to the extreme west of the
equatorial Pacific. The thermocline deepens in the western Pacific, upwelling and
productivity in the Pacific Equatorial Divergence (PEQD) increases and large parts
of the Pacific experience cooler SSTs (Picaut et al. 1996; Ganachaud et al. 2011).
Periodic changes in the population size and distributions of anchovies (Engraulis
ringens) and sardine (Strangomera bentincki) populations in the waters of the
eastern South Pacific Ocean and linkages with ENSO have been well documented
(e.g. Bertrand et al. 2004; Cubillos et al. 2007; Ayón et al. 2011). Many species
targeted by coastal and oceanic fisheries throughout the Pacific also demonstrate
fluctuations in regional abundances linked to ENSO phase. For example, the
Chilean scallop fishery demonstrates a boom and bust cycle of several orders of
magnitude with the boom part of the cycle associated with high recruitment during El
Niño warming events (Wolff 1987). Spatial shifts in skipjack tuna have been linked to
large zonal displacements of the western Pacific warm pool that occur during ENSO
events (Fig 2; Lehodey et al. 1997). Off the west coast of North America, latitudinal
shifts in species distribution have also been observed with tropical species caught in
California and farther north during El Niño (Lea 2000; Murawski 1993).
Pacific Decadal Oscillation (PDO)/Interdecadal Pacific Oscillation (IPO)
The PDO is the North Pacific manifestation of a Pacific basin-wide pattern
encompassed by the IPO and is described by an “El Niño-like” pattern of Pacific
SST anomalies that persist in either a warm or cool phase for several decades
(Deser et al 2004; Burgman et al 2008). The longer term climate oscillations
associated with the IPO/PDO has been associated with a number of fisheries,
largely through inducing major changes in marine ecosystems causing restructuring
of the ecosystems (also referred to as regime shifts). Major changes in northeast
Pacific marine ecosystems associated with phase changes in the PDO; have been
associated with large decadal fluctuations in Alaskan salmon, Washington-OregonCalifornia coho salmon and Columbia River salmon abundance (Fig 3; Mantua et al
1997). Large scale re-structuring of eastern Pacific ecosystems have been
associated with the long term dynamics of Humbolt Current anchovy and sardine
populations (Alheit and Bakun 2010).
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Figure 2. a. Skipjack tuna catch (metric tonnes) a in the first half of 1989 (La
Niña period), and b. In the first half of 1992 (El Niño period). After Lehodey et
al. (1997)
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Figure 3. Selected Pacific salmon catch records with PDO signatures. For Alaska
catch, black (gray) bars denote values that are greater (less) than the long-term
median. The shading convention is reversed for Washington-Oregon-California
coho and Columbia River spring chinook catch. Dotted vertical lines are drawn in
each panel to mark the PDO polarity reversal times in 1925, 1947 and 1977. The
PDO index is also plotted. After Mantua et al (1997).
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3. Impacts of climate change on fisheries
Climate change is imposing an increasing and ongoing set of pressures on marine
ecosystems. Changes to marine ecosystems are already being detected and
ongoing changes projected by global physical models, earth system models and/or
downscaled bio-physical regional ocean models include increasing temperatures
(Stock et al. 2011, Hoegh-Guldberg et al. 2014, Hermann et al. 2016), reductions in
salinity in some enclosed seas and coastal areas, altered currents and vertical
mixing, loss of sea ice in polar regions (Wang and Overland 2015), increased
acidification and deoxygenation (Stramma et al. 2011, Doney et al. 2012) and rises
in sea level (IPPC 2007, 2014).
Fish and shellfish will be exposed to a complex mix of changing abiotic (e.g.
temperature, salinity, oxygen, acidification) and biotic (shifting distribution, species
composition, and abundance of predators and prey) conditions making it challenging
to project responses. These physical and chemical changes (see Fig. 4) are
expected to result in shifts in the timing, species composition, and magnitude of
seasonal phytoplankton production with flow-on impacts through the food chain
(Gattuso et al. 2015). These changes in the distribution, abundance and timing of
prey production for fish will affect the physiology, phenology, and behaviour of
marine fish and shellfish, and any of these effects may drive population level
changes in distribution and abundance (Hollowed et al. 2013).
In addition, the expected changes to the oceans during the 21st century are likely to
alter the distribution and abundance of fish, due to the direct effects of altered ocean
conditions on spawning location, frequency and success, and larval development, of
many species (Pecl et al. 2017, Quero et al. 1998; Murphy et al. 2007; Stenseth et
al. 2004; Brander 2007; Perry et al. 2005). Changes in ocean currents are also
expected to affect larval dispersal of marine species (Lehodey et al. 2006; Mueter et
al. 2007; Ridgway 2007; Wu et al. 2012). Taken together, these effects can be
expected to alter fish population dynamics and consequently, the sustainable
harvests available from the ocean’s biological communities (Cochrane et al. 2009,
Brander 2010, Denman et al. 2011, Doney et al. 2012, Sundby et al. 2016)
Fish comprise approximately 20 per cent of the animal protein in the diets of over 2.8
billion people (FAO, 2016). The contribution of fish to dietary animal protein can
reach 50 per cent in the world’s poorest regions, and up to 90 per cent in small
island developing states. Aquaculture production now rivals wild capture fisheries
worldwide (FAO, 2014) and has become a major industry for many coastal
communities globally. Not surprisingly some of the most important development
goals for countries and territories that rely on fisheries and aquaculture for economic
development, revenue, food security and livelihoods involve the sustainable
management of their fisheries in light of environmental, economic and social
uncertainties (Evans et al. 2015). The responses of fish and shellfish populations to
changes in the marine environment have implications for decision making processes
associated with resource management.
Although there is evidence that natural climate variability and climate change has
affected fisheries production and species distribution at regional and local scales,
there is no clear evidence that climate change has had an impact on total global
9

Figure 4. Climate variables and other processes which affect marine biological
systems. From Lindegren and Brander (2018).
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production to date (Brander et al. 2018). Marine capture fisheries differ in important
ways from agriculture when it comes to detecting and attributing changes to specific
factors such as climate and predicting consequences of future change. Unlike
agriculture, marine fish are harvested from natural ecosystems, with no control of
inputs or of predators, pests and diseases.
The relationship between climate factors (principally temperature to date) and the
distribution and rates of increase of different species of fish can be investigated and
modelled (Pörtner et al. 2014; Payne et al. 2015). When ten‐year means of primary
production and fisheries yields were compared from a “present period” and a “near
future period” (nominally 2005 and 2050) across 67 national Exclusive Economic
Zones (EEZs), increases in net primary production and fishery yields of 14% and
3.4% respectively were observed. Just as there is currently regional variability in
ocean productivity there is likely to be regional variations in productivity into the
future. Mixed responses of fisheries to climate change have been observed in
projections of pelagic fisheries stocks in the Pacific with declines in biomass
projected in the EEZs of countries associated with the Western Warm Pool and
increases in biomass in the EEZs of countries further to the south-east (Bell et al.
2013; Brander et al. 2018).
Given that responses of individual marine species to climate change will vary by
species and region, resulting in a broad spectrum of potential shifts in geographic
ranges, vertical distributions, phenologies, recruitment, growth, and survival. The
WMO task team could assist in this effort by documenting the varying regional
responses of fisheries to climate change.
Regional impacts are documented in Table 1. Change in the distributions of fish
species have been documented from a number of sites in the Northeast Atlantic
(Tasker 2008; Pinsky et al. 2013) and the western Pacific (Last et al. 2011).
Increased temperatures have been associated with poleward shifts in the distribution
of fish (Table 1).
Changes in the species composition of marine capture fisheries catches have been
associated with changes in ocean temperatures (Cheung et al. 2013), with the
relative contribution to catches by warmer water species decreasing at lower
latitudes and increasing at higher latitudes. Similar changes have also been
projected using a highly‐resolved coupled physical biological model used to estimate
primary production in coastal and shelf seas and drive size‐based ecosystem models
leading to fisheries yields (Barange et al. 2014).

11

Table 1. Papers on regional impacts of climate change (Lindegren and Brander, 2018).

54. Haug T, AschanM, Hoel AH, Johansen T, Sundet JH. Introduction: marine harvesting in the Arctic. ICES J Mar Sci.
2014;71:1932–3.
55. Moerlein KJ, Carothers C. Total environment of change: impacts of climate change and social transitions on subsistence
fisheries in Northwest Alaska. Ecol Soc. 2012;17.
56. Norman-López A et al. Linking physiological, population and socio-economic assessments of climate-change impacts on
fisheries. Fish Res. 2013;148:18–26.
57. •• Spillman CM, Hobday AJ. Dynamical seasonal ocean forecasts to aid salmon farm management in a climate hotspot.
Clim Risk Manag. 2014;1:25–38. Working together with fishing enterprises to develop forecast of local conditions that will help
them adapt to climate.
58. •• Van Putten IE, Metcalf S, Frusher S, Marshall N, Tull M. Fishing for the impacts of climate change in the marine sector: a
case. Int J Clim Chang Strateg Manag. 2014;6. Understanding how local communities and enterprises can adapt to climate with
examples from Australian fisheries.
59. Hodgkinson JH, Hobday AJ, Pinkard EA. Climate adaptation in Australia’s resource-extraction industries: ready or not? Reg
Environ Chang. 2014;14:1663–78.
60. Lindegren M et al. Early detection of ecosystem regime shifts: a multiple method evaluation for management application.
PLoS One. 2012;7:e38410.
61. Mackenzie BR et al. Impact of climate change on fish population dynamics in the Baltic Sea: a dynamical downscaling
investigation. Ambio. 2012;41:626–36.
62. Kjesbu OS et al. Synergies between climate and management for Atlantic cod fisheries at high latitudes. Proc Natl Acad Sci
U S A. 2014;111:3478–83.
63. LindegrenM, Checkley DM, Quinn T. Temperature dependence of Pacific sardine (Sardinops sagax) recruitment in the
California Current ecosystem revisited and revised. Can J Fish Aquat Sci. 2013;70:245–52.
64. •• LindegrenM, Checkley DM, Rouyer T,MacCall AD, Stenseth NC. Climate, fishing, and fluctuations of sardine and
anchovy in the California Current. Proc Natl Acad Sci U S A. 2013;110:13672–7. Density dependence and climate account for
sardine-anchovy fluctuations since 1661.
65. Sydeman WJ, Santora JA, Thompson SA, Marinovic B, Di Lorenzo E. Increasing variance in North Pacific climate relates to
unprecedented ecosystem variability off California. Glob Chang Biol. 2013;19:1662–75.
66. Defeo O et al. Impacts of climate variability on Latin American small-scale fisheries. Ecol Soc. 2013;18.
67. Tzanatos E, Raitsos DE, Triantafyllou G, Somarakis S, Tsonis AA. Indications of a climate effect on Mediterranean
fisheries. Clim Chang. 2014;122:41–54.
68. Pinsky ML, Fogarty M. Lagged social-ecological responses to climate and range shifts in fisheries. Clim Chang.
2012;115:883–91.
69. Hazen EL et al. Predicted habitat shifts of Pacific top predators in a changing climate. Nat Clim Chang. 2012;3:234–8. 170. ••
Lehodey P, Senina I, Calmettes B, Hampton J, Nicol S. Modelling the impact of climate change on Pacific skipjack tuna
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population and fisheries. Clim Chang. 2012;119:95–109. Coupled physics to fish model used to project impact of climate on
skipjack tuna.
71. Salinger MJ et al. Climate and oceanic fisheries: recent observations and projections and future needs. Clim Chang.
2013;119:213–21.
72. Cheung WWL, Pinnegar J, Merino G, Jones MC, Barange M. Review of climate change impacts on marine fisheries in the
UK and Ireland. Aquat Conserv Mar Freshw Ecosyst. 2012;22:368–88.
73. •• Heath MR et al. Review of climate change impacts on marine fish and shellfish around the UK and Ireland. Aquat
Conserv Mar Freshw Ecosyst. 2012;22:337–67. Detailed review of regional climate impacts and future expectations that shows
the limitations of climate envelope models.
74. •• Jones MC, Dye SR, Pinnegar JK,Warren R, CheungWWL. Using scenarios to project the changing profitability of
fisheries under climate change. Fish Fish. 2014. doi:10.1111/faf.12081. Projecting economic impacts of climate and
implications for policy and management.
75. Lam V, Cheung W, SwartzW, Sumaila U. Climate change impacts on fisheries in West Africa: implications for economic,
food and nutritional security. Afr J Mar Sci. 2012;34:103–17.
76. Cinner JE et al.Vulnerability of coastal communities to key impacts of climate change on coral reef fisheries. Glob Environ
Chang. 2012;22:12–20.
77. Cinner JE et al. Evaluating social and ecological vulnerability of coral reef fisheries to climate change. PLoS One.
2013;8:e74321.
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4. Risk assessment and management evaluation tools incorporating
climate information for the ecosystem-approach to management of
fisheries
In recognition of the anticipated impacts of climate change on marine ecosystems,
scientists have embarked on an ambitious effort to project the risks of climate
change to marine fish and fisheries and to develop simulation tools to assess the
performance of different management strategies to sustain fisheries under changing
ocean conditions (Holsman et al. 2017, Hobday et al 2016). In the context of climate
change, an initial step is to assess the vulnerability of human communities or marine
species to climate change. These vulnerability assessments have been
implemented in several regions and they are typically based on qualitative methods
that rely on expert judgement (Daw et al. 2009, Hollowed et al 2013, Hare et al.
2016, Hobday et al. 2016). An extension of this approach is to examine the
vulnerability of a community or species within a system impacted by multiple
stressors (Halpern et al. 2012).
In data rich systems, where analysts have a mechanistic understanding of the
expected responses of fishers or marine species to changing conditions, a formal
management strategy evaluation (MSE) could be conducted (Punt et al. 2014).
MSEs simulate future conditions and sample the projected population incorporating
measurement and process errors. Extensions of MSEs for climate change research
have been used to assess the management performance under a range of climate
scenarios (Fogarty et al. 2008; A’mar et al. 2009; Ianelli et al. 2011; Lynch et al.
2014; Punt et al. 2015). More recently, these single species MSEs have been
extended to include predator prey interactions to provide simulations in a multispecies context (Plagányi et al. 2014; Holsman et al. in press). In addition, full life
cycle individual based models have been developed to enhance single species
models to incorporate life-time patterns of spatial shifts (Rose et al. 2015). Attempts
to develop fully coupled end – to – end ecosystem models that track the implications
of climate change on ecosystem structure have taken four paths: size spectral
models (Blanchard et al. 2012); food web models (Cheung et al. 2011); fully spatial
ecosystem models (Ortiz et al.2016; Fulton 2011; Marshall et al. 2017; OrtegaCisneros et al. 2017).
Several research teams around the world have secured funding to project the
implications of climate change on the socio-ecological landscape. These
interdisciplinary research teams are likely to continue to develop and will contribute
management relevant information for decision makers. Similar to the coupled model
intercomparison projects that coordinate research amongst the global modeling
community, we expect that ecosystem impact assessments will become an integral
part of climate change research. Implementation of this vision for regional
assessments of climate change impacts on ecosystem change and human
communities will require considerable international coordination. This task team
could be charged with contributing to this effort. In particular, the WMO could
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contribute considerable help in downscaling methods. Most of the regional modeling
teams rely on downscaled climate scenarios. Downscaling is needed to capture high
resolution features such as fronts, sea ice dynamics, upwelling and eddy formation.
Likewise coordination between the world climate research program and regional
modeling teams could be facilitated through this task team.
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5. Weather and climate tools for integrated coastal management of
coastal fisheries and marine aquaculture
Truly integrated management of the marine environment should bring the principles
of ecosystem-based management, sea-use management and marine spatial
planning into one framework. This framework should allow for the multiple uses of
the marine environment, while ensuring that ecosystem structure, functioning and
services are maintained, and that safeguards are in place to protect components of
marine ecosystems (Ehler and Douvere 2007). True integration requires horizontal
integration across sectors (e.g. fisheries, energy generation, shipping, tourism),
vertical integration across governance jurisdictions (e.g. national, state/province,
local), development of a planning and management perspective that combines land
and sea use processes and implementation of assessments and monitoring that
employ a combination of scientific disciplines including socio economic disciplines
(Sorenson 1997). Although the concepts associated with integrated management of
the marine environment are not new, practical implementation of truly integrated
approaches to the management of natural resources has been slow because of the
complexities in integration (Garcia et al. 2003). Here, we discuss some of the
management tools that can be used within the framework of integrated coastal zone
management with a specific focus on coastal fisheries and marine aquaculture and
some of the weather and climate tools that are used within each.
5.1 Marine spatial planning and marine protected areas
An integral component of integrated coastal management is the development of a
process that allows for the allocation of space for biodiversity, conservation and
sustainable economic development. Marine spatial planning provides a process
through which compatible uses can be defined, resource use conflicts can be
managed and reduced and marine conservation can be balanced with sustainable
resource use (Ehler and Douvere 2009). Key outputs of marine spatial planning
include spatial management zones such as coastal sanctuaries, ecological reserves,
refuges, national marine sanctuaries and marine parks. These may vary in the
numbers and types of activities permitted to occur within their boundaries and may
include spatial and temporal measures that specify when and where within each
area (i.e. zoning of areas for commercial fishing activities, aquaculture
infrastructure).
Understanding the spatial and temporal distributions of the physical, biogeochemical
and biological diversity of coastal and marine regions and how these might change
as a result of pressures placed on them (e.g. from climate change, fishing, coastal
development) is an important part of marine spatial planning. Such understanding is
underpinned by ocean observations and interpretation of those observations to
identify key ecological features (e.g. areas of enhanced productivity, areas important
for breeding or feeding, areas internationally recognised under particular
conventions) and their spatio-temporal variability (e.g. Hosak and Dambacher 2012).
Ongoing monitoring programs provide for the integration of observations of the
physical (SSTs, cyclones, sea level), biogeochemical (nutrients, pollutants) and
biological (e.g. coral cover, seagrass densities) characteristics of identified regions
along with human induced pressures on them (e.g. climate change, fishing) into
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modelling frameworks that allow for the identification of changes in the
characteristics of the features in response to pressures and therefore current risks to
the environment as well as potential future risks. Examples of the use of ocean and
climate observations in coastal management and associated integrated monitoring
include those for the Great Barrier Reef in Australia (e.g.
https://ereefs.org.au/ereefs).
5.2 Fishing and aquaculture operations planning and monitoring
Environmental conditions and ecosystems in marine environments fluctuate spatially
and temporally on multiple scales. This abiotic and biotic variability makes managing
resources in the dynamic ocean environment extremely difficult. Satellite remote
sensing can provide useful information that can be used to assist in increasing the
efficiency of fisheries operations, improving the safety of fishers at sea and
monitoring fishing vessels and their behaviour.
Given that fishing involves locating fish in a variable environment, information on
environmental conditions influencing fish distribution can be an important factor in
fisher decision-making (Dell et al., 2011; Hobday and Hartog, 2014), and can reduce
costs through minimizing time at sea and identifying optimal times of year to fish. For
example, a simple awareness of temperature distributions and in association likely
distributions of species in response to those temperatures can guide fishers in
planning where and for what they might fish (and any fishing strategies associated).
Earth observation data from satellites can be used to produce charts of sea surface
temperature (SST), chlorophyll-a, and SST fronts to identify regions of the ocean
with optimal conditions for fish to aggregate. These can then be used in the
production of bulletins of biological oceanographic indicators (e.g. Fig. 4b) or
distribution maps that can then be used by fishers to identify potential fishing zones.
They can also be used by fisheries managers for monitoring fishing activities to
support their decision making and planning capacity especially in combatting illegal,
unreported and unregulated (IUU) fishing. An example of the development of such
distribution maps in near-real time include that provided by the ECOWAS Marine
Thema in the Gulf of Guinea (Fig. 4a).

Figure 4a. Potential
Figure 4b. PFZ map
fishing zone map
overlaid with fishing
showing probability of vessel trajectories
occurrence (%)
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Figure 4c. Fishing
density maps

Such distribution maps can not only be created for purpose in near real-time to plan
daily operations, but can also be generated within seasonal forecasting frameworks,
providing fishers with tools that support decision making and planning over the
medium term. Such habitat forecasts can be based on single variables (such as
temperature) or expanded to include a range of variables that a species might
respond to (e.g. Hobday et al. 2011). Forecasts based on dynamic ocean models are
now possible and offer improved performance relative to statistical forecasts,
particularly given baseline shifts in the environment as a result of climate change. An
example of such an application include seasonal forecasts for juvenile southern
bluefin tuna (Thunnus maccoyii) habitat within seasonal aggregation sites close to
ranching operations. Because the fishing season for these fish is limited to when
they are within areas close to ranching operations, forecasts predicting when they
will arrive and their distribution within the region provides useful information for
fishers to plan their operations (Eveson et al. 2015)
Real time monitoring of the ocean environment via systems implemented within
aquaculture operations can also provide essential information for monitoring growth
and short-term planning of operations such as seed production, implementation of
treatment systems and transfer of stocks between sites (e.g. north-west US shellfish
Barton et al. 2015). Seasonal forecasts of climatic conditions (water temperature,
rainfall and air temperature) that can be generated out to approximately four months
into the future, depending on the region and season of interest and also being used
in aquaculture operations, allowing better planning of movement of aquaculture
pens, harvesting and operational responses to extreme weather events (e.g. marine
farming operations Hobday et al. 2016).
5.3 Safety at sea
Satellite observations of the marine environment can also be used to monitor and
forecast ocean conditions in order to help improve safety of fishers at sea. Daily charts
of sea surface temperature and salinity, sea surface winds and significant wave
heights can provide early warning on ocean conditions. In addition, 6-day forecast of
ocean conditions provided from models assimilated with in situ data can provide
information on ocean conditions in the short-term providing useful planning tools for
fishers.
An example of such a service is provided by the ECOWAS Marine Thema in the Gulf
of Guinea. These products are mainly targeted at local fishermen, in particular
artisanal and semi-industrial fishers who do not have access to sophisticated
equipment and therefore are the most vulnerable at sea. The service provides
fishers with short-term forecast maps and operates an early- warning system via
mobile phone messaging services. The fishers then disseminate information on
ocean condition to others via combinations of flags at fishing communities2.
Information on ocean conditions is also provided to commercial fleets for planning of
shipping routes. The service also provides information of the location of distressed
vessels at sea in times of danger.
2

https://www.mofad.gov.gh/press-release/implementation-of-closed-seasons-for-industrial-trawlers/
http://ufa.eumetsat.int/userfiles/file/ECOWAS_Marine_Thema_Eumetsat_UFA_kaagyekum.pdf
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5.4 Management of bycatch
As many fisheries increasingly consider and implement ecosystem approaches to
fisheries management, the uptake of approaches for mitigating and minimising the
bycatch of non-target species have become increasingly important. This has
included the implementation of management policies and strategies to reduce
bycatch and the introduction of technical adjustments to fishing gear and handling
methods to assist with the avoidance of capture of specific species or increased
success in the release of bycatch species once captured.
The development of species habitat models (see above) when coupled with ocean
models can similarly be used by managers in the implementation of spatial
management of particular fisheries to mitigate the impacts of commercial fishing on
bycatch species and in particular vulnerable species and habitats. Examples of the
implementation of habitat models in this way in Australian waters include those for
implementing spatio-temporal closures for reducing bycatch of deepwater sharks
(AFMA 2012), Australian sea lions (Neophoca cinerea; AFMA 2015) and quota
limited species such as southern bluefin tuna (Hobday and Hartog 2011).

19

6. Policy brief – climate, oceanic and fisheries information
6.1 Context and need
Fish comprise approximately 20 per cent of the animal protein in the diets of over 2.8
billion people (FAO, 2016). The contribution of fish to dietary animal protein can
reach 50 per cent in the world’s poorest regions, and up to 90 per cent in small
island developing states. Fisheries play a crucial role in providing food security and
opportunities to earn income, particularly in developing countries. Not surprisingly
some of the most important development goals for countries and territories that rely
on fish for economic development, revenue, food security and livelihoods involve the
sustainable management of their fisheries in light of environmental, economic and
social uncertainties. (Evans et al. 2015). The responses of fish populations to
changes in the marine environment have implications for decision making processes
associated with resource management.
The short-term tactical and longer term strategic decisions required to be made by
fisheries managers are complicated by the fact that fish populations underpinning the
development benefits associated with their harvesting respond dynamically to the
marine environment (e.g. Lehodey et al 1997; Evans et al. 2014; Williams et al.
2014). For improved stock assessments and planning, tools that quantify the links
between fish populations, their ecosystems and major oceanographic features are
needed. These tools must provide information across a number of spatial (local to
regional) and temporal (seasonal to decadal) scales, and additionally provide
information of relevance to extreme events (Hobday et al. 2013).
6.2 Information requirements and current gaps
Incorporation of climate data into tools used in the context of fisheries management
ranges from inclusion of observations of single variables (such as SSTs) as habitat
indices to complex end – to – end ecosystem models that are coupled to global
system models used to simulate the implications of climate change on ecosystem
structure. Information requirements therefore span ocean observations and derived
ocean products, including forecast and projected outputs from climate, ocean and
biogeochemical models across a range of scales.
Many of the current information gaps that limit assessments of climate variability and
change on fish and fisheries are associated with (i) modelling and forecasting of the
climate system, particularly at spatial and temporal scales of relevance to fisheries
and aquaculture operations; (ii) understanding of the physiology of fisheries and
aquaculture species, particularly in relation to thermal, oxygen and pH preferences
and thresholds and the interactions between these; (iii) understanding of food webs
and therefore pathways of impacts and (vi) responses of fishers to climate variability
and longer-term change (Evans et al. 2015).
Second, in relation to climate observations and products there are two key
information gaps associated with modelling and forecasting of the climate system.
First, there is a need for improved resolution of processes driving ecosystem model
components via the incorporation of higher resolution climate models. High
resolution models operating at eddy resolving scales (e.g. Oke et al. 2013) and
20

regional investigations being carried out at sub-mesoscale resolutions (e.g. Matear
et al. 2013) provide the opportunity to explore the responses of marine species to
changes in mesoscale and sub-mesoscale oceanic features such as fronts, sea ice
dynamics, upwelling systems and eddy formation.
Second there is a need for the development of seasonal and inter-annual forecasting
tools enabling management responses to short-term variability in the distributions
and productivity of marine species and planning of operations. While ocean and
coupled ocean-atmosphere climate models can provide forecasts or scenario-based
projections across a range of timescales, from daily to seasonal (4-5 months)
through to multi-decadal and centennial climate change forecasting generally occurs
at lower spatial resolutions (100 km), and uses ensembles of simulations (i.e.
multiple forecasts with small differences in their initial conditions). Forecasting over
longer time frames varies in association with current forecast skill in predicting the
phases of climate phenomena which can vary greatly and predominantly declines
rapidly as the prediction moves further back in time (Jin et al. 2008). Although
considerable effort has gone into developing a framework for providing longer-term
predictions of the ocean and atmosphere, at present simulations appear to offer little
skill beyond 1–2 years (Kirtman et al. 2013).
Development of seasonal and inter-annual forecasting tools (6 months to 5 year time
horizon) has the potential to provide fisheries management with the flexibility
required for responding to short-term variability in marine species distributions and
abundances and provide aquaculture operations with information required for
planning activities and responding to perturbations that might impact their
operations. This will allow efficiencies in national fisheries operations to be
maximised, whilst ensuring sustainability of regional populations.
6.3 Relevance for the Global Framework for Climate Services
In order to continue to deliver products of relevance and address current gaps the
Global Framework for Climate Services (GFCS) will need to build effective
partnerships for supporting dialogue with fishers, fisheries managers and fisheries
scientists. This will enable the GFCS to monitor and respond to the evolving needs
of fisheries and fisheries management thereby supporting the enhancement of
climate resiliency in the fisheries sector. As discussed by Marshall et al. (2011), even
when strategies to reduce the impacts of climate change on the fisheries industry
have been identified, end users are often still reluctant to adopt products that might
assist them in making decisions over the short and medium term. To overcome this,
ongoing support and education regarding the strengths and limitations of services
and products and the longer-term benefits of their sustained use. In this regard,
having industry coinvestigators and/or knowledge brokers to facilitate communication
between scientists and end users, and to aid in dissemination and interpretation of
forecasts, can lead to greater end-user uptake.
Engaging and partnering with agencies coordinating current observation systems
(e.g. such as the Global Ocean Observing System and its various panels) will be
important for ensuring that monitoring systems are aligned with, and that products
produced by the GFCS meet the scientific community’s needs. This could also be
facilitated through coordination between the GFCS and regional fisheries and
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ecosystem modeling teams. Such engagement will also assist in identifying and
supporting avenues for capacity development and extension of observation systems
across regions that are currently under represented, particularly in developing
countries.
There is potentially also a role for the GFCS to explore complimentary observation
systems to those currently in place. One monitoring approach that shows great
promise in this area is to include end users (e.g. fishers) in the collection of data;
where operators are already interacting with variables of interest or are in
appropriate locations at appropriate times and data collection does not add undue
overheads, then there is a great potential for collaboration between science and
industry to deliver reliable data streams (Nicol et al., 2013; Hobday et al., 2016).The
greatest value can be gained from such initiatives if they are well structured around
indicators that have maximum information content or are key to reducing uncertainty
around system state, function, or variability (Hobday et al., 2016).
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7. Conclusions
Modelling frameworks that incorporate climate observations and utilise the products
from ocean reanalysis models and earth system models are being used across
numerous applications in fisheries and aquaculture operations and management.
Such frameworks are being used operationally in near real-time, across short term
future time scales and also for exploring future scenarios, particularly in the light of
future climate changes and impacts on ocean systems.
As increasing pressures are being placed on marine ecosystems, through use of the
marine environment and reliance on services provided by our oceans, there is an
increasing need to balance human activities with environmental stewardship to
maintain ecosystem properties, functions and services. Fisheries and aquaculture
management frameworks are increasingly utilising climate products to better
understand the dynamics of harvested stocks, better plan operations and better
mitigate risks and ensure that management measures support ecosystem
approaches to management.
Responding to a changing and increasingly modified environment, especially one
where directing or modifying the trajectory of change is planned, requires sufficient
monitoring on relevant temporal and spatial scales, and an adaptive approach to
management. There is therefore an essential role for the GFCS in providing products
that support the evolving needs of fisheries and aquaculture and their management.
Simply having the capacity to perform forecasts is insufficient to see that information
is taken up by operators or regulators. An important extra step for uptake is to see
forecast results integrated into decision support tools. Effective partnerships and
dialogue between climate service providers, researchers developing strategic and
operation tools, and the fishing and aquaculture sector will be essential at all levels
in order to ensure the climate resiliency of these sectors.
.
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8. Recommendations
While the joint CAgM-JCOMM task team has made progress against its original
terms of reference, the JCOMM tasks were not completed. There is much more that
could be done in (i) better understanding climate variability and change impacts on
fisheries and aquaculture (ii) identifying community needs for climate products and
(iii) developing pathways for delivery of those products for supporting better
management of fisheries and aquaculture. In light of these identified needs, we
recommend the continuation of the joint CAgM-JCOMM task team with the following
terms of reference:
(i)

(ii)
(iii)

(iv)

(v)

(vi)

Review the current data collection by JCOMM and others, to assess how
these data meet the current needs of the ecosystem-approach to
management in fisheries;
As appropriate, work with other JCOMM expert teams to develop climate
services for fisheries based on the available marine climate data;
Work with the Global Framework for Climate Services (GFCS) to build
effective partnerships for supporting dialogue with fishers, fisheries
managers and fisheries scientists
In association, work with the World Meteorological Organisation to inform
members of regional fisheries management organisations of climate
services for fisheries and develop pathways for the reporting of relevant
marine meteorological and ocean observations by fisheries to the various
WMO/IOC observation and information systems;
Where appropriate support and contribute to JCOMM activities as part of
the IOC-led Decade of Ocean Science for Sustainable Development
(2021-2030);
Submit reports, including recommendations on follow-up actions, in
accordance with timetables agreed by Management Committees of CAgM
and JCOMM.

24

REFERENCES

AFMA (Australian Fisheries Management Authority) 2012: Upper-slope dogfish
management strategy: AFMA-managed fisheries, AFMA, Canberra.
AFMA (Australian Fisheries Management Authority) 2015: Australian sea lion
management strategy: Southern and Eastern Scalefish and Shark Fishery,
AFMA, Canberra.
Alheit, J., Bakun, A. 2010: Population synchronies within and between
oceanbasins: apparent teleconnections and implications as to physicalbiological linkage mechanisms. J Marine Systems 79: 267-285.
A’mar, Z. T., A. E. Punt, and M. W. Dorn. 2009: The evaluation of two management
strategies for the Gulf of Alaska walleye pollock fishery under climate change.
ICES Journal of Marine Science: Journal du Conseil 66:1614-1632.
Ayón, P., Swartzman, G., Espinoza, P., Bertrand, A. 2011: Long-term changes in
zooplankton size and distribution in the Peruvian Humboldt Current System:
conditions favouring sardine or anchovy. Marine Ecology Progress Series 422,
211-222.
Baldwin, M.P. 2001: Annular modes in global daily surface pressure. Geophys
Res Lett 28:4115–4118.
Barange M., Merino, G., Blanchard, J.L., Scholtens, J., Harle, J., Allison, E.H., Allen,
J.I., Holt, J., Jennings, S. 2014: Impacts of climate change on marine
ecosystem production in societies dependent on fisheries. Nature Climate
Change, 4, 211–216
Barton, A., Waldbusser, G.G., Feely, R.A., Weisberg, S.B., Newton, J.A., Hales, B.,
Cudd, S., Eudeline, B., Langdon, C.J., Jefferds, I., King,T., Suhrbier,A.,
McLaughlin, K. 2015: Impacts of coastal acidification on the Pacific Northwest
shellfish industry and adaptation strategies implemented in
response. Oceanography 28(2):146 – 159.
http://dx.doi.org/10.5670/oceanog.2015.38.
Bell, J.D., C.Reid, M.J. Batty, P. Lehodey, L. Rodwell, A.J. Hobday, J.E. Johnson,
2013: Effects of climate change on oceanic fisheries in the tropical Pacific:
implications for economic development and food security. Climatic Change 119,
213-221.
Bertrand, A., Segura, M., Gutiérrez, M., Vásquez, L. 2004: From small-scale habitat
loopholes to decadal cycles: a habitat-based hypothesis explaining fluctuations
in pelagic fish populations off Peru. Fish and Fisheries
Blanchard, J. L., S. Jennings, R. Holmes, J. Harle, G. Merino, I. Allen, J. Holt, N. K.
Dulvy, and M. Barange. 2012: Potential consequences of climate change for
primary production and fish production in large marine ecosystems.
Philosophical Transactions of the Royal Society B: Biological Sciences
367:2979-2989.
Borja, A., Santiago, J. 2001: Does the North Atlantic Oscillation control some
processes influencing recruitment of temperate tunas? ICCAT SCRS/01/33, 19
pp.
Brander, K. M. 1994: Patterns of distribution, spawning, and growth in North Atlantic
cod: the utility of inter-regional comparisons, ICES Mar. Sci., 198, 406-113.

25

Brander, K.M. 2003: Fisheries and Climate in (eds) G. Wefer, F. Lamy, & F.
Mantoura, eds., Berlin, Heidelberg: Springer Berlin Heidelberg. Available at:
http://link.springer.com/10.1007/978-3-642-55862-7.
Brander, K. 2007: Global fish production and climate change. Proceedings of the
National Academy of Sciences of the United States of America, 104(50),
19709- 19714.
Brander, K.M. 2010: Impacts of climate change on fisheries. J Mar Syst 79:389–402.
Brander, K.M., C. Cochrane, M. Barange, D. Soto. 2018: Climate Change.
Implications for Fisheries and Aquaculture, In (ed) B. F. Phillips and M. PérezRamírez, Climate Change Impacts on Fisheries and Aquaculture: A Global
Analysis, Volume I, First Edition. John Wiley and Sons. Chap.3.
Burgman, R.J., Clement, A.C., Mitas, C.M., Chen, J., Esslinger, K. 2008: Evidence
for variability over the Pacific on decadal timescales. Geophysical
Research Letters 35, L01704, doi: 10.1029/2007GL031830.
Cheung, W. W. L., J. Dunne, J. L. Sarmiento, and D. Pauly. 2011: Integrating
ecophysiology and plankton dynamics into projected maximum fisheries catch
potential under climate change in the Northeast Atlantic. ICES Journal of
Marine Science 68:1008-1018.
Cheung, W.W.L., Pinnegar,J., Merino, G., Jones, M.C., Barange, M. 2012: Review of
climate change impacts on marine fisheries in the UK and Ireland. Aquat
Conserv Mar Freshw Ecosyst. 22:368–88.
Cheung, W. W. L., R. Watson, and D. Pauly. 2013. Signature of ocean warming in
global fisheries catch. Nature 497:365.
Cinner, J.E., et al.2012: Vulnerability of coastal communities to key impacts of
climate change on coral reef fisheries. Glob Environ Chang. 22:12–20.
Cinner, J.E. et al. 2013: Evaluating social and ecological vulnerability of coral reef
fisheries to climate change. PLoS One.8:e74321.
Cochrane, K., De Young, C., Soto, D., Bahri, T. (eds). 2009: Climate change
implications for fisheries and aquaculture: overview of current scientific
knowledge. FAO Fisheries and Aquaculture Technical Paper. No. 530. Rome,
FAO. 212p.
Cubillos, L.A., Ruiz, P., Claramunt, G., Gacitúa, S., Núñez, S., Castro, L.R. (2007).
Spawning, daily egg production, and spawning stock biomass estimation for
common sardine (Strangomera bentincki) and anchovy (Engraulis ringens) off
central southern Chile in 2002. Fisheries Research 86, 228-240.
Daw, T., W. N. Adger, K. Brown, and M.-C. Badjeck. 2009: Climate change and
capture fisheries: potential impacts, adaptation and mitigation. 107-150, in K.
Cochrane, C. De Young, D. Soto, and T. Bahri, editors. Climate change
Implications for Fisheries and Aquaculture: Overview of Current Scientific
Knowledge. FAO, Fisheries and Aquaculture Technical Paper, Italy.
Defeo, O. et al. 2013: Impacts of climate variability on Latin American small-scale
fisheries. Ecol Soc. 18.
Dell, J., Wilcox, C., Hobday, A.J. 2011: Estimation of yellowfin tuna (Thunnus
albacares) habitat in waters adjacent to Australia’s East Coast: Making the
most of commercial catch data. Fisheries Oceanography 20:383–
396, http://dx.doi.org/10.1111/j.1365-2419.2011.00591.x.

26

Denman, K., J.R. Christian, N. Steiner, H.-O. Pörtner, and Y. Nojiri, 2011: Potential
impacts of future ocean acidification on marine ecosystems and fisheries:
present knowledge and recommendations for future research. ICES Journal of
Marine Science, 68(6), 1019-1029.
Deser, C., Phillips, A.S., Hurrell, J.W. 2004: Pacific interdecadal climate variability:
Linkages between the tropics and the north Pacific during boreal winter since
1900.J. Clim. 17:3109–3124.
Di Lorenzo, E., Mountain, D., Batchelder,H.P.,Bond, N., Hofmann, E.E. 2013:
Advances in marine ecosystem dynamics from US GLOBEC: The horizontaladvection bottom-up forcing paradigm. Oceanography 26(4):22–33.
doi:10.5670/oceanog.73
Doney, S.C., 2010: The growing human footprint on coastal and open-ocean
biogeochemistry. Science, 328(5985), 1512-1516.
Drinkwater, K.F., Belgrano, A., Borja, A., Convers,i A., Edwards, M., Greene, C.H.,
Ottersen, G., Pershing, A.J., Walker, H. 2003: The response of marine
ecosystems to climate variability associated with the North Atlantic Oscillation.
Pages 211-234 in J. W. Hurrell, Y. Kushnir, G. Ottersen and M. Visbeck (eds).
The North Atlantic Oscillation: Climatic significance and environmental impacts.
Geophysical Monograph 134.
Edwards, M., Beaugrand, G., Helaouët, P., Alheit, J., Coombs, S. 2013: Marine
Ecosystem Response to the Atlantic Multidecadal Oscillation. PLoS ONE 8(2):
e57212.
Edwards, M., P. C. Reid, Planque, B. 2001: Long-term and regional variability of
phytoplankton biomass in the Northeast Atlantic (1960-1995), ICESJ. Mar. Set,
58, 39-49.:
Ehler, C., Douvere, F. 2007 Visions for a sea change: report of the First International
Workshop on Marine Spatial Planning, Intergovernmental Oceanographic
Commission & Man and the Biosphere Programme, IOC Manual and Guides,
no. 46, ICAM Dossier 3, UNESCO, Paris.
Ehler, C., Douvere, F. 2009: Marine Spatial Planning: a step-by-step approach
toward ecosystem-based management. Intergovernmental Oceanographic
Commission and Man and the Biosphere Programme. IOC Manual and Guides
No. 53, ICAM Dossier No. 6. Paris: UNESCO.
Eveson, J.P., Hobday, A.J., Hartog, J.R., Spillman, C.M., Rough, K.M., 2015:
Seasonal forecasting of tuna habitat in the Great Australian Bight. Fish. Res.
170, 39–49.
Evans, K., Brown, J.N., Sen Gupta, A., Nicol, S.J., Hoyle, S. Matear, R.,
Arrizabalaga, H. 2014: When 1 + 1 can be > 2: uncertainties compound when
simulating climate, fisheries and marine ecosystems. Deep Sea Research II
113: 312-322.
Evans, K., Young, J.W., Nicol, S., Kolody, D., Allain, V., Bell, J., Brown, J.N. 2015:
Optimising fisheries management in relation to tuna catches in the western and
central Pacific Ocean: a review of research priorities and opportunities. Marine
Policy 59, 94-104.
FAO, 2014. The State of World Fisheries and Aquaculture 2014: Opportunities and
challenges. FAO, Rome, 223 pp.
FAO. 2016: The State of World Fisheries and Aquaculture 2016. Contributing to food
security and nutrition for all. Rome. 200 pp.
27

Fielding, S., Watkins, J.L., Trathan, P.N., Enderlein, P., Waluda, C.M., Stowasser,
G., Tarling, G.A., Murphy, E.J. 2014: Interannual variability in Antarctic krill
(Euphausia superba) density at South Georgia, Southern Ocean 1997-2013.
ICES Journal of Marine Science 71: 2578-2588
Fogarty, M. 2012: Lagged social-ecological responses to climate and range shifts in
fisheries. Clim. Chang. 115:883–91
Fogarty, M., L. Incze, K. Hayhoe, D. Mountain, and J. Manning. 2008: Potential
climate change impacts on Atlantic cod (Gadus morhua) off the northeastern
USA. Mitigation and Adaptation Strategies to Global Change 13:453-466.
Fogt, R. L., J. Perlwitz, A. J., Monaghan, D. H., Bromwich, J. M., Jones, Marshall,
G.J. 2009: Historical SAM variability. Part II: Twentieth-century variability and
trends from reconstructions, observations, and the IPCC AR4 models. J. Clim.,
22, 5346–5365.
Fulton, E. A. 2011: Interesting times: winners, losers, and system shifts under
climate change around Australia. ICES Journal of Marine Science 68:13291342.
Ganachaud, A., Sen Gupta, J., Orr, S., Wijffels, K., Ridgway, M., Hemer, C., Maes,
C., Steinberg, A., Tribollet, B., Qiu, J., Kruger, J. 2011: Observed and expected
changes to the tropical Pacific Ocean. In: Bell, J.D., Johnson, J.E., Hobday,
A.J. (Eds). Vulnerability of Tropical Pacific Fisheries and Aquaculture to Climate
Change. Secretariat of the Pacific Community, Noumea, New Caledonia, pp
101-187.
Garcia, S. M., Zerbi, A., Aliaume, C., Do Chi, T., and Lasserre, G. 2003. The
ecosystem approach to fisheries. Issues, terminology, principles, institutional
foundations, implementation and outlook. FAO Fisheries Technical Paper, 443.
71 pp.
Great Barrier Reef Marine Park Authority, 2014: Great Barrier Reef Outlook Report
2014. GBRMPA, Toownsville, Australia. 311 pp.
Halpern, B. S., C. Longo, D. Hardy, K. L. McLeod, J. F. Samhouri, S. K. Katona, K.
Kleisner, S. E. Lester, J. O’Leary, M. Ranelletti, A. A. Rosenberg, C.
Scarborough, E. R. Selig, B. D. Best, D. R. F. Brumbaugh, S. Chapin, L. B.
Crowder, K. Daly, S. C. Doney, C. Elfes, M. J. Fogarty, S. D. Gaines, K. I.
Jacobsen, L. B. Karrer, H. M. Leslie, E. Neeley, D. Pauly, S. Polasky, B. Ris, K.
St Martin, G. S. Stone, U. R. Sumaila, and D. Zeller. 2012: An index to assess
the health and benefits of the global ocean. Nature 488:615-620.
Hare, J.A, Alexander, M.A, Fogarty, M.J, Williams, E.H, Scott, J.D. 2010:
Forecasting the dynamics of a coastal fishery species using a coupled climatepopulation model. Ecol Appl 20:452–464.
Hartmann, D.L, Lo, F. 1998: Wave-driven flow vacillation in the Southern
Hemisphere. J. Atmos.Sci. 55:1303–1315.
Hátún, H. et al. 2009: Progress in Oceanography Large bio-geographical shifts in the
north-eastern Atlantic Ocean : From the subpolar gyre , via plankton , to blue
whiting and pilot whales. Progress in Oceanography, 80 (3–4), pp.149–162.
Available at: http://dx.doi.org/10.1016/j.pocean.2009.03.001.
Haug, T., Aschan,M., Hoel, A.H., Johansen, T., Sundet, J.H. 2012: Introduction:
marine harvesting in the Arctic. ICES J Mar Sci. 2014;71:1932–3.
28

Hazen, E.L. et al. 2012: Predicted habitat shifts of Pacific top predators in a changing
climate. Nat Clim Chang. 3:234–8.
Heath, M.R. et al. 2012: Review of climate change impacts on marine fish and
shellfish around the UK and Ireland. Aquat. Conserv. Mar. Freshw Ecosyst.
22:337–67. Detailed review of regional climate impacts and future expectations
that shows the limitations of climate envelope models.
Hermann, A. J., Gibson,G.A., Bond, N.A., Curchitser, E.N., Hedstrom,K., Cheng, W.,
Wang,M., Cokelet, E.D., Stabeno, P.J., Aydin, K. 2016: Projected future
biophysical states of the Bering Sea. Deep Sea Research Part II: Topical
Studies in Oceanography 134:30-47.
Hobday, A.J., Alexander, L.V., Perkins, S.E., Smale, D.A., Straub, S.C., Benthuysen,
J., Burrows, M.T., Donat, M., Feng, M., Holbrook, N.J., Moore, P.J., Oliver,
E.C.J., Scannell, H., Sen Gupta, A., Wernberg, T., 2016a: A hierarchical
approach to defining marine heatwaves. Progr. Oceanogr. 141, 227-238.
Hobday, A. J., K. Cochrane, N. Downey-Breedt, J. Howard, S. Aswani, V. Byfield, G.
Duggan, E. Duna, L. X. C. Dutra, S. D. Frusher, E. A. Fulton, L. Gammage, M.
A. Gasalla, C. Griffiths, A. Guissamulo, M. Haward, A. Jarre, S. M. Jennings, T.
Jordan, J. Joyner, N. K. Ramani, S. L. P. Shanmugasundaram, W. Malherbe,
K. O. Cisneros, A. Paytan, G. T. Pecl, É. E. Plagányi, E. E. Popova, H.
Razafindrainibe, M. Roberts, P. Rohit, S. S. Sainulabdeen, W. Sauer, S. T.
Valappil, P. U. Zacharia, and E. I. van Putten. 2016b: Planning adaptation to
climate change in fast-warming marine regions with seafood-dependent coastal
communities. Reviews in Fish Biology and Fisheries 26:249-264.
Hobday, A.J., Hartog, J.R., Timmiss, T., Fielding, J., 2010: Dynamic spatial zoning to
manage southern bluefin tuna (Thunnus maccoyii) capture in a multi-species
longline fishery. Fish. Oceanog. 19, 243–253.
Hobday, A.J., Maxwell, S.M., Forgie, J., McDonald, J., Darby, M., Seto, K., Bailey,
H., Bograd, S.J., Briscoe, D.K., Costa, D.P., Crowder, L.B., Dunn, D.C.,
Fossette, S., Halpin, P.N., Hartog, J.R., Hazen, E.L., Lascelles, B.G., Lewison,
R.L., Poulos, G., Powers, A., 2014: Dynamic ocean management: Integrating
scientific and technological capacity with law, policy and management. Stanford
Enviro. Law J. 33, 125-165.
Hoegh-Guldberg, O., Cai, R., Poloczanska, E.S., Brewer,P.G., Sundby, S., Hilmi, K.,
Fabry, V.J., Jung, S. 2014: The Ocean 1655-1731. in V. R. Barros, C. B. Field,
D. J. Dokken, M. D. Mastrandrea, K. J. Mach, T. E. Bilir, M. Chatterjee, K. L.
Ebi, Y. O. G. Estrada, R.C. , B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken,
P. R. Mastrandrea, and L. L. White, editors. Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Part B: Regional Aspects. Contribution of
Working Group II to the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA.
Hodgkinson, J.H., Hobday, A.J., Pinkard, E.A. 2014:Climate adaptation in Australia’s
resource-extraction industries: ready or not? Reg Environ Chang. 14:1663–78.
Hollowed, A.B., E.N.Curchitser, C.A.Stock, and C.I. Zhang, 2013: Trade-offs
associated with different modeling approaches for assessment of fish and
shellfish responses to climate change. Climatic Change DOI 10.1007/s10584012-0641-z.

29

Hollowed, A. B., B. Planque, and H. Loeng. 2013: Potential movement of fish and
shellfish stocks from the sub-Arctic to the Arctic Ocean. Fisheries
Oceanography 22:355-370.
Holsman, K., J. Samhouri, G. Cook, E. Hazen, E. Olsen, M. Dillard, S. Kasperski, S.
Gaichas, C. R. Kelble, M. Fogarty, and K. Andrews. 2017: An ecosystem-based
approach to marine risk assessment. Ecosystem Health and Sustainability
3:e01256-n/a.
Holsman, K. K., J. Ianelli, K. Aydin, A. E. Punt, and E. A. Moffitt. In press. A
comparison of fisheries biological reference points estimated from temperaturespecific multi-species and single-species climate-enhanced stock assessment
models. Deep Sea Research Part II: Topical Studies in Oceanography.
Hosack, G.R., Dambacher, J.M. 2012: Ecological indicators for the Exclusive
Economic Zone of Australia’s South East Marine Region: report prepared for
the Australian Government Department of Sustainability, Environment, Water,
Populations and Communities, CSIRO Wealth from Oceans Flagship, Hobart.
Hurrell, J. W. 1995: Decadal trends in the North Atlantic Oscillation: regional
temperatures and precipitation, Science, 169, 676
Hurrell, J.W. et al. eds. 2003: The North Atlantic Oscillation - Climatic Significance
and Environmental Impact, Washington D.C.: American Geophysical Union.
Hurrell, J.W., Deser, C. 2010: North Atlantic climate variability: The role of the North
Atlantic Oscillation. Journal of Marine Systems, 79(3–4), p.230.
Ianelli, J., A. Hollowed, A. Haynie, F. J. Mueter, and N. A. Bond. 2011: Evaluating
management strategies for eastern Bering Sea walleye pollock (Theragra
chalcogramma) in a changing environment. ICES Journal of Marine Science
68:1297-1304.
IPCC, 2007: Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, 2007. Solomon, S., D. Qin, M.
Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor and H.L. Miller (eds.).
Cambridge University Press, Cambridge, United Kingdom and New York, NY,
USA.
IPCC, 2014: Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A:
Global and Sectoral Aspects. Contribution of Working Group II to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [Field,
C.B., V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M.
Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N.
Levy, S. MacCracken, P.R. Mastrandrea, and L.L.White (eds.)]. Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA, 1132
pp.
Jensen, A.S., 1939: Concerning a change of clmate during recent decades in the
Arctic and SubArctic regions, from Greenland in the west to Eurasia in the east,
and contemporary biological and geophysical changes. Biologiske
Meddelelser.Kongelige Danske Videnskabers Selskab, XIV(8), p.75.
Jin, E. K., Wang, B., Park, C.-K., Kang, I.-S., Kirtman, B.P., Kug, J.-S., Kumar, A.,
Luo, J.-J., Schemm, J., Shukla, J., Yamagata, T. and Coauthors, 2008: Current
status of ENSO prediction skill in coupled ocean–atmosphere models. Climate
Dyn., 31, 647–664, doi:https://doi.org/10.1007/s00382-008-0397-3.

30

Jones, M.C., Dye, S.R., Pinnegar, J.K,,Warren, R., Cheung,W.W.L. 2014: Using
scenarios to project the changing profitability of fisheries under climate change.
Fish Fish. doi:10.1111/faf.12081. Projecting economic impacts of climate and
implications for policy and management.
Kacev D., Lewison R.L. (2016) Satellite Remote Sensing in Support of Fisheries
Management in Global Oceans. In: Hossain F. (eds) Earth Science Satellite
Applications. Springer Remote Sensing/Photogrammetry. Springer, Cham
Kidson, J.W. 1999: Principal modes of Southern Hemisphere low frequency
variability obtained from NCEP-NCAR reanalyses. J Clim 12: 2808–2830.
Kidston, J., Renwick, J.A., McGregor, J.M. 2009: Hemispheric-scale seasonality of
the Southern Annular Mode and impacts on the climate of New Zealand. J.
Clim., 22, 4759–4770 doi: 10.1175/2009JCLI2640.1
Kirtman, B., Power, S.B., Adedoyin, J.A., Boer, G.J., Bojariu, R., Camilloni, I.,
Doblas-Reyes, F.J., Fiore, A.M., Kimoto, M., Meehl, G.A., Prather, M., Sarr, A.,
Schär, C., Sutton, R., van Oldenborgh, G.J., Vecchi, G., Wang, H.J., 2013.
Near-term Climate Change: Projections and Predictability, in: Stocker, T.F.,
Qin, D., Plattner, G.-K., Tignor, M., Allen, S.K., Boschung, J., Nauels, A., Xia,
Y., Bex, V., Midgley, P.M. (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. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA. Klaer, N. L.,O'Boyle,
R.N., Deroba, J. J., Wayte, S.E., Little, L. R., Alade, L.A., Rago, P.J., et al.
2015. How much evidence is required for acceptance of productivity regime
shifts in fish stock assessments: Are we letting managers off the hook?
Fisheries Res 168, 49-55
Kjesbu, O.S. et al. 2014: Synergies between climate and management for Atlantic
cod fisheries at high latitudes. Proc. Natl. Acad. Sci. U S A. 111:3478–83.
Knight, J.R., Folland, C.K., Scaife, A.A. 2006: Climate impacts of the Atlantic
Multidecadal Oscillation. Geophys Res Lett 33: L17706.
Lam, V., Cheung, W., Swartz,W., Sumaila, U. 2012: Climate change impacts on
fisheries in West Africa: implications for economic, food and nutritional security.
Afr J Mar Sci. 34:103–17.
Lan, K-W., Evans, K., Lee, M-A. 2013: Effects of climate variability on the distribution
and fishing conditions of yellowfin tuna (Thunnus albacares) in the western
Indian Ocean. Climatic Change 119: 63-77.
Last P. R. , White W. T., Gledhill D. C., Hobday A. J., Brown R., Edgar G. J., Pecl, G.
T. 2011: Long-term shifts in abundance and distribution of a temperate fish
fauna: a response to climate change and fishing practices. Global Ecology and
Biogeography, 20, 58 – 72.
Lea, R. 2000: Observations on fishes associated with the 1997-98 El Niño off
California. CalCOFI Report 41:117-129.
Lehodey, P, Alheit, J., Barange, M., Baumgartner, T., Beaugrand, G., Drinkwater, K.,
Werner, F. 2006: Climate variability, fish, and fisheries. J Clim. 19(20):5009–
5030. doi: 10.1175/JCLI3898.1.
Lehodey, P., Bertignac, M., Hampton, J., Lewis, A., Picaut, J. 1997: El Niño
Southern Oscillation and tuna in the western Pacific.Nature 389:715-718
doi:10.1038/39575.
31

Lehodey, P., Senina, I., Calmettes, B., Hampton, J., Nicol, S. 2012: Modelling the
impact of climate change on Pacific skipjack tuna population and fisheries. Clim
Chang. 119:95–109. Coupled physics to fish model used to project impact of
climate on skipjack tuna.
Lehodey P, Senina I, Hampton J, Nicol S, 2013: Modelling the impact of climate
change on Pacific skipjack tuna populations and fisheries. Climatic Change,
119. DOI 10.1007/s10584-012-0595-1.
Lindegren, M. et al. 2012: Early detection of ecosystem regime shifts: a multiple
method evaluation for management application. PLoS One. 2012;7:e38410.
Lindegren,M., Checkley, D.M., Quinn, T. 2013: Temperature dependence of Pacific
sardine (Sardinops sagax) recruitment in the California Current ecosystem
revisited and revised. Can. J. Fish. Aquat. Sci. 70:245–52.
Lindegren,M., Checkley, D.M., Rouyer, T., MacCall, A.D., Stenseth, N.C. 2013:
Climate, fishing, and fluctuations of sardine and anchovy in the California
Current. Proc. Natl. Acad..Sci. U S A. 110:13672–7. Density dependence and
climate account for sardine-anchovy fluctuations since 1661.
Lindegren,M. and K. Brander. 2018. dapting Fisheries and Their Management To
Climate Change: A Review of Concepts, Tools, Frameworks, and Current
Progress Toward Implementation, Reviews in Fisheries Science & Aquaculture,
26:3, 400-415, DOI: 10.1080/23308249.2018.1445980
Lough, J.M., Meehl, G.A., Salinger, M. J. 2011: Observed and projected changes in
surface climate of the tropical Pacific. In: Bell, J.D., Johnson, J.E., Hobday, A.J.
(Eds). Vulnerability of Tropical Pacific Fisheries and Aquaculture to Climate
Change. Secretariat of the Pacific Community, Noumea, New Caledonia, pp.
49-99.
Lovenduski, N.S, Gruber, N. 2005: Impact of the Southern Annular Mode on
Southern Ocean circulation and biology. Geophysical Research Letters 32:
L11603
Lynch, T.P., Morello, E.B., Evans, K., Richardson, A.J., Rochester, W., Steinberg,
C.R., Roughan, M., Thompson, P., Middleton, J.F., Feng, M., Sherrington, R.,
Brando, V., Tilbrook, B., Ridgway, K., Allen, S., Doherty, P., Hill, K., Moltmann,
T.C., 2014: IMOS National Reference Stations: A Continental-Wide Physical,
Chemical and Biological Coastal Observing System. PLoS ONE 9(12),
e113652. DOI:10.1371/journal.pone.0113652.
Lynch, P. D., J. A. Nye, J. A. Hare, C. A. Stock, M. A. Alexander, J. D. Scott, K. L.
Curti, and K. Drew. 2014: Projected ocean warming creates a conservation
challenge for river herring populations. ICES Journal of Marine Science:
Journal du Conseil.
Mackenzie, B.R. et al. 2012: Impact of climate change on fish population dynamics in
the Baltic Sea: a dynamical downscaling investigation. Ambio. 41:626–36.
McPhaden, M.J., Zebiak, S.E., Glantz, M.H. 2006: ENSO as an integrating concept
in earth science. Science314:1740–1745.
Mantua, N.J., Hare, S.R., Zhang, Y., Wallace, J.M., Francis, R.C. 1997: A Pacific
interdecadal climate oscillation with impacts on salmon production. Bull Am
Meteorol Soc 78.
Marsac, F., LeBlanc, L.L. 2000: ENSO cycle and purse seine tuna fisheries in the
Indian Ocean with emphasis on the 1998-1999 La Niña. IOTC Proc 3:354–363
32

Marsac, F. 2006: Indices of environmental variability in the Indian Ocean 1970
2005. IOTC, Tropical Tuna Working group, IOTC-2006-WPTT-08.
Marsac F 2008: Outlook of ocean climate variability in the west tropical Indian
Ocean, 1997–2008. Paper IOTC-2008-WPTT-27 prepared for the Indian Ocean
Tuna Commission Working Party on Tropical Tunas.
Marshall, N.A., Gordon, I.J., Ash, A.J., 2011: The reluctance of resource-users to
adopt seasonal climate forecasts to enhance resilience to climate variability on
the rangelands. Clim. Change Economics B(3-4), 511-529. DOI
10.1007/s10584-010-9962-y.
Marshall, K. N., I. C. Kaplan, E. E. Hodgson, A. Hermann, D. S. Busch, P. McElhany,
T. E. Essington, C. J. Harvey, and E. A. Fulton. 2017: Risks of ocean
acidification in the California Current food web and fisheries: ecosystem model
projections. Global Change Biology 23:1525-1539.
Matear, R.J., Chamberlain, M.A., Sun, C., Feng, M. 2013: Climate change projection
of the Tasman Sea from an Eddy-resolving Ocean Model. J. Geophys.
.Oceans 118, 2961-2976.
Menard, F., Marsac, F., Bellier, E., Cazelles, B. 2007: Climatic Oscillations and tuna
catch rates in the Indian Ocean: a wavelet approach of time series analysis.
Fish Oceanogr 16:95–104.
Moerlein, K.J., Carothers, C. 2012: Total environment of change: impacts of climate
change and social transitions on subsistence fisheries in Northwest Alaska.
Ecol Soc. 17.
Moore, G.W.K. et al., 2017: Amplification of the Atlantic Multidecadal Oscillation
associated with the onset of the industrial-era warming. Scientific Reports, 7,
p.40861. Available at: http://dx.doi.org/10.1038/srep40861.
Mueter, F.J, Bond, N.A, Ianelli, J.N, Hollowed, A.B. 2011: Expected declines in
recruitment of walleye Pollock (Theragra chalcogramma) in the eastern Bering
Sea under future climate change. ICES J Mar Sci 68:1284–1296.
Murawski, S.A. 1993: Climate change and marine fish distributions -forecasting
from historical analogy. Trans Am Fisheries Soc 122:647-658.
Murphy, E.J., Trathan, P.N., Watkins, J.I., Reid, K., Meredith, M.P., Forada, J.,
Thorpe, S.E., Johnston, N.M., Rothery, P. 2007: Climatically driven fluctuations
in Southern Ocean ecosystems. Proc R Soc: 1629, 3057-3067.
Norman-López, A. et al. 2013: Linking physiological, population and socio-economic
assessments of climate-change impacts on fisheries. Fish Res. 148:18–26.
Nicol, S. J., V. Allain, G. M. Pilling, J. Polovina, M. Coll, J. Bell, P. Dalzell, P.
Sharples, R. Olson, S. Griffiths, J. M. Dambacher, J. Young, A. Lewis, J.
Hampton, J. J. Molina, S. Hoyle, K. Briand, N. Bax, P. Lehodey and P.
Williams. 2013: An ocean observation system for monitoring the effects of
climate change on the ecology and sustainability of pelagic fisheries in the
Pacific Ocean. Climatic Change: DOI 10.1007/s10584-012-0598-y.
Oke, P. R., Griffin, D. A., Schiller, A., Matear, R. J., Fiedler, R., Mansbridge, J.,
Lenton, A., Cahill, M., Chamberlain, M. A., and Ridgway, K. 2013: Evaluation of
a near-global eddy-resolving ocean model, Geosci. Model Dev., 6, 591-615,
https://doi.org/10.5194/gmd-6-591-2013.
Ortega-Cisneros, K., K. Cochrane, and E. A. Fulton. 2017: An Atlantis model of the
southern Benguela upwelling system: Validation, sensitivity analysis and
insights into ecosystem functioning. Ecological Modelling 355:49-63.
33

Ortiz, I., K. Aydin, A. J. Hermann, G. A. Gibson, A. E. Punt, F. K. Wiese, L. B. Eisner,
N. Ferm, T. W. Buckley, E. A. Moffitt, J. N. Ianelli, J. Murphy, M. Dalton, W.
Cheng, M. Wang, K. Hedstrom, N. A. Bond, E. N. Curchitser, and C. Boyd.
2016: Climate to fish: Synthesizing field work, data and models in a 39-year
retrospective analysis of seasonal processes on the eastern Bering Sea shelf
and slope. Deep Sea Research Part II: Topical Studies in Oceanography, 134,
390-412.
Ottersen, G., Planque, B., Belgrano, A., Post, E., Reid, P.C., Stenseth, N.C.
2001: Ecological effects of the North Atlantic Oscillation. Oecologia 128: 1.
Ottersen, G., Visbeck, M. 2003: An overview of the North Atlantic Oscillation.
Geophysical Monograph 134.
Payne, N.L, van der Meulen, D.E, Suthers, I.M, Gray, C.A, Walsh, C.T, Taylor, M.D.
2015: Rain-driven changes in fish dynamics: a switch from spatial to temporal
segregation. Mar Ecol Prog Ser 528:267-275.
https://doi.org/10.3354/meps11285
Pecl, G. T., Araújo, M.B., Bell, J.D., Blanchard, J., Bonebrake, T.C., Chen, I.C.,
Clark, T.D., Colwell, R.K., Danielsen, D., Evengård, B., Falconi, B., Ferrier, B.,
Frusher, S., Garcia, R.A., Griffis,R.B., Hobday, A.J., Janion-Scheepers, C.,
Jarzyna, M.A., Jennings, S., Lenoir, L., Linnetved, H.I., Martin, V.Y.,
McCormack, P.C., McDonald, J., Mitchell, N.J., Mustonen, T., Pandolfi, J.M.,
Pettorelli, N., Popova, E., Robinson, S.A., Scheffers, B.R., Shaw, J.D., Sorte,
C.B.J., Strugnell, J.M., Sunday, J.M., Tuanmu, M.-N., Vergés, A., Villanueva,
C., Wernberg, T., Wapstra, E., Williams, S.E. 2017: Biodiversity redistribution
under climate change: Impacts on ecosystems and human well-being. Science
355.
Perry,A.L., P.J. Low, J.R. Ellis, and J.D. Reynolds, 2005: Climate change and
distribution shifts in marine fishes. Science, 308(5730), 1912-1915.
Picaut, J., Ioualalen, M., Menkes, C., Delcroix, T. McPhaden, M.J. 1996: Mechanism
of the Zonal Displacements of the Pacific Warm Pool: Implications for ENSO.
Science 274, 1486-1489.
Pinsky, M. L., B. Worm, M. J. Fogarty, J. L. Sarmiento, and S. A. Levin. 2013: Marine
Taxa Track Local Climate Velocities. Science 341:1239-1242.
Pinksy,M.L., Fogarty M. 2012. Lagged social-ecological responses to climate and
range shifts in fisheries. Clim Chang. 115:883–91.
Plagányi, É. E., A. E. Punt, R. Hillary, E. B. Morello, O. Thébaud, T. Hutton, R. D.
Pillans, J. T. Thorson, E. A. Fulton, A. D. M. Smith, F. Smith, P. Bayliss, M.
Haywood, V. Lyne, and P. C. Rothlisberg. 2014. Multispecies fisheries
management and conservation: tactical applications using models of
intermediate complexity. Fish and Fisheries 15:1-22.
Plaganyi, E.E., Weeks, S.J., Skewes, T.D., Gibbs, M.T., Poloczanska, E.S., NormanLopez, A., Blamey, L.K., Soares, M., Robinson, W.M.L., 2011: Assessing the
adequacy of current fisheries management under changing climate: a southern
synopsis. ICES J. Mar. Sci. 68, 1305-1317.
Pörtner, H.-O., D.M. Karl, P.W. Boyd,W.W.L. Cheung, S.E. Lluch-Cota, Y. Nojiri,
D.N. Schmidt, and P.O. Zavialov, 2014: Ocean systems. In: Climate Change
2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral
Aspects. Contribution of Working Group II to the Fifth Assessment Report of the
34

Intergovernmental Panel on Climate Change [Field, C.B., V.R. Barros, D.J.
Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O.
Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R.
Mastrandrea, and L.L.White (eds.)]. Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA, pp. 411-484.
Power, S., Casey, T., Folland, C., Colman, A., Mehta, V. 1999: Interdecadal
modulation of the impact of ENSO on Australia.Clim Dyn 15: 319-324.
Punt, A. E., D. S. Butterworth, C. L. de Moor, J. A. A. De Oliveira, and M. Haddon.
2014: Management strategy evaluation: best practices. Fish and Fisheries:n/an/a.
Punt, A. E., R. J. Foy, M. G. Dalton, W. C. Long, and K. M. Swiney. 2015. Effects of
long-term exposure to ocean acidification conditions on future southern Tanner
crab (Chionoecetes bairdi) fisheries management. ICES Journal of Marine
Science: Journal du Conseil. 73 ( 3) 849-864.
https://doi.org/10.1093/icesjms/fsv205
Quéro, J-C, 1998: Changes in the Euro-Atlantic fish species composition resulting
from fishing and ocean warming, Italian Journal of Zoology, 65, 493 - 499.
Ridgway, K.R., 2007: Long‐term trend and decadal variability of the southward
penetration of the East Australian Current, Geophys. Res. Let. 34 (13).
Rose, K. A., E. N. Curchister, J. Fiechter, K. Hedstrom, M. Bernal, S. Creekmore, S.
Creekmore, S. I. Ito, S. Lluch-Cota, A. Haynie, B. A. Megrey, and C. Edwards.
2015: Demonstration of a fully-coupled end-to-end models for small pelagic fish
using sarding and anchovy in the California Current. Progress in
Oceanography.
Saji, N.H., Goswami, B.N., Vinayachandran, P.N., Yamagata, T. 1999: A dipole
mode in the tropical Indian Ocean. Nature 401:360-363.
Salinger, M.J., Bell, J.D., Evans, K., Hobday, A.J., Allain, V., Brander, K., Dexter, P.,
Harrison, D.E., Hollowed, A.B., Lee, B., Stefanski, R. 2013 Climate and
oceanic fisheries: Cook Islands 2011 Workshop conclusions and
recommendations. Clim. Change. DOI 10.1007/s10584-012-0652-9.
Schofield, O., Duckow, H.W., Martinson, D.G., Meredith, M.P., Moline, M.A., Fraser,
W.R. 2010: How Do Polar Marine Ecosystems Respond to Rapid Climate
Change? Science 328:1520-1523.
Sorensen, J. 1997: National and international efforts at integrated coastal
management: definitions, achievements and lessons. Coastal management 25:
3-41.
Spillman, C.M., Hobday, A.J. 2014: Dynamical seasonal ocean forecasts to aid
salmon farm management in a climate hotspot. Clim Risk Manag. 25–38.
Working together with fishing enterprises to develop forecast of local conditions
that will help them adapt to climate.
Stenseth, N.C., 2004: Marine ecosystems and climate variation : The North Atlantic :
A comparative perspective, Oxford University Press.
Stige, L.C. et al., 2006: Cod and climate : effect of the North Atlantic Oscillation on
recruitment in the North Atlantic. , 325, pp.227–241.
Stock, C. A., Alexander, M.A., Bond, N.A., Brander, K.M., Cheung, K.K.L.,
Curchitser, E.N., Delworth, T.L., Dunne, J.P., Griffies, S.M., Haltuch, M.A.,
Hare, J.A., Hollowed, A.B., Lehodey, P., Levin, S.A., Link, J.S., Rosem, K.A.,
35

Rykaczewski, R.R., Sarmiento, J.L., Stouffer, R.L., Schwing, F.B., Vecchi, G.A.,
Werner, F.E. 2011: On the use of IPCC-class models to assess the impact of
climate on living marine resources. Progress in Oceanography 88:1-27.
Stramma, L., E. D. Prince, S. Schmidtko, J. Luo, J. P. Hoolihan, M. Visbeck, D. W.
R. Wallace, P. Brandt, and A. Körtzinger. 2011: Expansion of oxygen minimum
zones may reduce available habitat for tropical pelagic fishes. Nature Climate
Change 2:33.
Sundby, S., K. F. Drinkwater, and O. S. Kjesbu. 2016: The North Atlantic springbloom system - where the changing climate meets the winter dark. Frontiers in
Marine Science 3.
Sydeman, W.J., Santora, J.A., Thompson, S.A., Marinovic, B., Di Lorenzo, E. 2013:
Increasing variance in North Pacific climate relates to unprecedented
ecosystem variability off California. Glob Chang Biol. 19:1662–75.
Tasker, M. L. (Ed.) 2008: The effect of climate change on the distribution
and abundance of marine species in the OSPAR Maritime Area. ICES
Cooperative Research Report No. 293. 45 pp.
Tinker, J. et al., 2018: What are the prospects for seasonal prediction of the marine
environment of the Northwest European shelf? Ocean Sci. Discuss., 2018,
pp.1–36. Available at: https://www.ocean-sci-discuss.net/os-2018-1/.
Thompson, D.W.J, Wallace, J.M. 2000: Annular modes in the extratropical
circulation, Pt 1: Month-to-month variability. J Clim13: 1000–1016.
Thompson, D.W.J, Wallace, J.M, Hegerl, G.C. 2000: Annular modes in the
extratropical circulation. Part II: Trends. J Clim 13: 1018–1036.
Trenary, L. and DelSole, T., 2016: Does the Atlantic Multidecadal Oscillation Get Its
Predictability from the Atlantic Meridional Overturning Circulation? Journal of
Climate, 29(14), pp.5267–5280. Available at: https://doi.org/10.1175/JCLI-D16-0030.1.
Trenberth, K.E. 1991: General characteristics of El Niño-Southern Oscillation. In:
Teleconnections linking worldwide climate anomalies:Scientific basis and
societal impact.Glantz, M.H., Katz, R.W., Nicholls, N. (eds). Cambridge
University Press, Cambridge, pp. 13-42.
Trenberth, K.E., Jones, P.D., Ambenje, P., Bojariu, R., Easterling, D., Klein Tank, A.,
Parker, D, Rahimzadeh, F., Renwick, J.A., Rusticucci, M., Soden, B., Zhai, P.
2007: Observations: Surface and Atmospheric Climate Change. In: Climate
Change 2007: The Physical Science Basis. Contribution of Working Group I to
the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change. Solomon S, Qin D, Manning M, Chen Z, Marquis M, Averyt KB,
Tignor M, Miller HL (eds). Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA pp. 235-336.
Troup, A.J. 1965: The Southern Oscillation. Quart J Roy Met Soc 91: 490-506.
Tzanatos, E., Raitsos, D.E., Triantafyllou, G., Somarakis, S., Tsonis, A.A. 2014:
Indications of a climate effect on Mediterranean fisheries. Clim Chang. 122:41–
41–54.
Van Putten, I.E., Metcalf, S., Frusher, S., Marshall, N., Tull M. 2014: Fishing for the
impacts of climate change in the marine sector: a case. Int J Clim Chang
Strateg Manag. 6. Understanding how local communities and enterprises can
adapt to climate with examples from Australian fisheries
36

Visbeck, M., 2009: A station-based Southern Annular Mode Index from 1884 to
2005. J. Clim., 22, 940–950.
Wang, M., and J. E. Overland. 2015: Projected future duration of the sea-ice-free
season in the Alaskan Arctic. Progress in Oceanography 136:50-59.
Williams, A.J., Allain, V., Nicol, S.J., Evans, K.J., Hoyle, S.D., Dupoux, C., Vourey,
E., Dubosc, Jeff. 2015: Vertical behaviour and diet of albacore tuna (Thunnus
alalunga) vary with latitude in the South Pacific Ocean. Deep Sea Res II.
113:154–69
Wolff, M. 1987: Population dynamics of the Peruvian scallop Argopecten purpuratus
during the El Niño phenomenon of 1983. Canad. J. Fish. Aquat. Sci. 44, 16841691.
Wooster, W.S., Zhang, C.I. 2004: Regime shifts in the North Pacific: Early indications
of the 1976–1977 event. Progress in Oceanography 60: 183–200.
Wu, L, Cai, W, Zhang, L, Nakamura, H, Timmermann, A, Joyce, T, McPhaden, M.J,
Alexander, M, Qiu, B, Visbeck, M, Chang, P, Giese, B. 2012: Enhanced
warming over the global subtropical western boundary currents. Nat Clim
Change. doi:10.1038/NCLIMATE1353.
Zhang, C.I., Hollowed, A.B., Lee, J.B., Kim, D.H. 2011: An IFRAME approach for
assessing impacts of climate change on fisheries. ICES J Mar Sci 68:1318–
1328.
Zhang, C. I., Lee, J.B., Kim, S., Oh, J.H., 2000. Climatic regime shifts and their
impacts on marine ecosystem and fisheries resources in Korean waters.
Progress in Oceanography 47: 171-190.
Zhang, Y., Wallace, J.M., Battisti, D.S. 1997: ENSO-like variability: 1900-93. J Clim
10:,595 1004-1020.

37

ANNEX 1
Joint CAgM-JCOMM Task Team on Weather, Climate and Fisheries
Terms of Reference
(Approved by CAgM-16 in April 2018)

(a)

To review the current data collection by JCOMM and others, to assess how these
data meet the current needs of the ecosystem-approach to management in fisheries;
as appropriate, work with other JCOMM expert teams to develop climate services for
fisheries based on the available marine climate data;

(b)

To encourage oceanic and coastal fisheries management organizations to inform
their members about the advantages of making and reporting relevant marine
meteorological and ocean observations to the various WMO/IOC observation and
information systems;

(c)

To contribute to the understanding of the impacts of climate change on fisheries and
marine aquaculture;

(d)

To identify risk assessment or management evaluation tools that incorporate climate
variability in order to improve the ecosystem-approach to management of fisheries;

(e)

To identify how weather and climate tools can inform integrated coastal zone
management relevant to coastal fisheries and marine aquaculture;

(f)

To submit reports, including recommendations on follow-up actions, in accordance
with timetables agreed by Management Committees of CAgM and JCOMM.
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