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Coral reefs are highly vul-
nerable to climate change 
and are already experi-

encing mass coral bleaching and 
die-off events worldwide. It’s no 
secret that coral reefs need our 
help. Recent estimates indicate 
that half of the Great Barrier Reef 
was decimated by bleaching 
events in 2016 and 2017. This 
trend is alarming on many levels. 
Coral reefs are a hotbed of 
biodiversity and abundance, and 
coral reef fisheries are critically 
important to the livelihood and 
food security concerns of millions 
of people — many of whom live 
in developing countries. 

In the face of climate change, 
the question becomes: Are 
there ways we can improve the 
resilience of tropical reef systems 
so they can withstand or adapt to 
changing ocean conditions? In 
this post we’ll talk about some re-
cent research we’ve co-authored 
with the University of Maine and 
University of California, Santa 
Barbara that gives us some hope 
for coral reef ecosystems. This 
research shows how coral reef 
systems have been made more 
resilient in the Caribbean and 
indicates that fisheries manage-
ment has a strong role to play in 
fostering this resilience. 

Recent research gives us 
some hope for coral reefs

These findings are encouraging 
because they go against the 
common perception that future 
generations will only be able 
to experience these natural 
treasures through photos and 
videos from a bygone era. 

This research focuses on the 
island of Bonaire, which is lauded 
as one of the last healthy coral 
reefs in the Caribbean. It is no ac-
cident that reef species here have 
managed to proliferate even after 
significant environmental distur-
bances like warming waters and 
coral disease. Our results show 
that smart fishing regulations 
and environmental protections 
have contributed to the island’s 
almost unparalleled ability to 
recover from these large envi-
ronmental disturbances. Several 
years ago, coral cover in Bonaire 
dropped by nearly 25% following 
damage from a hurricane and a 
coral bleaching event. However, 
after less than a decade, corals 
had recovered to pre-bleaching 
levels — something very unique 
compared to other places in the 
Caribbean. 

One of the biggest factors for 
Bonaire’s ecosystem resilience 
is the abundance of herbivorous 

fish, like parrotfish. Often when a 
reef experiences a disturbance, 
harmful algae displaces and 
outcompetes coral. In Bonaire, 
fishing regulations and pro-
tections have ensured a large 

abundance of parrotfish, a 
species that actively serves as 
an algae hedge trimmer. In other 
words, coral recovery in Bonaire 
occurred following hurricane and 
bleaching events in part because 
the presence of herbivores like 
parrotfish kept harmful algae in 
check.  

What could this mean for 
other coral reefs? 

The dynamic between 
herbivorous fish and climate 
change uncovered in Bonaire 
is a feedback mechanism. 
Unmanaged fishing and climate 
change together can be perilous 
to coral reef ecosystems. Being 

aware of species interactions 
such as these is one aspect of 
resilience practice, and in this 
case, the solution is to reverse 
this feedback loop in order to 
help facilitate coral reef recovery. 
This is done by ensuring healthy 
populations of herbivorous fish.

Even in the Caribbean, Bonaire 
is not alone in its mission of work-
ing toward managed ecosystem 
resilience. There are a variety 
of ways to address these types 
of feedbacks and to maintain 
ecological balance through 
implementation of different types 
of fishery management prac-
tices. In several places where 
Environmental Defense Fund 
(EDF) works, such as in Belize 
and Cuba, spatial protections 
and other measures are being 
deployed in ways that main-
tain populations of important 
herbivores. The health of these 
systems indicates that they too 
are displaying resilience. In 
these Latin American-Caribbean 
countries, the use of spatial mea-
sures and other types of fishery 
management approaches are 
being deployed in ways that can 
enhance reef resilience. 

In the Garden of the Queens in 
Cuba, fishing communities re-
cently enacted a sustainable fish-
ing law that is poised to advance 
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Cuba’s goals of protecting its 
natural environment for more fish 
in the future, more fishing jobs 
and prosperous marine ecosys-
tems including coral reefs. Cuba 
has set aside more than 250 
natural reserves spanning over 
20% of its territory. One of the 
most spectacular reef systems in 
Cuba, the Garden of the Queens 
is one of Cuba’s natural reserves. 
The implementation of reserve 
status has resulted in a substan-
tial increase in the abundance 
of fish species and the system 
is displaying greater resilience 
than other systems around the 
Caribbean. 

In Belize, the nationwide system 
of managed access resulted in 
higher fish catch for fishermen 
while reducing illegal fishing 
by 60% and expanding marine 
protected areas (MPAs) from 3% 
to 10%. Coral reefs the world over 
also have potential to recover if 
local communities are able to 
identify and manage the threats 
they can control, including fishing 
pressure, pollution and habitat 
destruction. 

While these examples give us 
some hope for coral reef ecosys-
tems, we must be clear that the 
global community needs to reign 
in our emissions if the oceans 
of the future will support thriving 

coral reef ecosystems. Building 
resilience of highly vulnerable 
ecosystems can help — but only 
so much. In the face of some 
limited disturbances, these 
experiences show that coral reefs 
can be made more resilient, and 
fishing practices have a large 
role to play. We will continue 
working with fishing communities 
around the world to apply and 
adapt these lessons learned in 
the Caribbean to other coral reef 
ecosystems.

The return of the 
blob: How can 
we help fisheries 
adapt to warming 
waters? 
Rod Fujita
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There’s a lot we don’t know 
about how climate change 
will unfold. Unexpected 

events will occur, and when they 
do we will need to adapt and 
learn from those experiences. 
Here’s a story about one of these 
climate surprises: the “warm 
blob” in the Pacific Ocean. 
Scientists observed a warm blob 
of water forming off the U.S. 
West Coast in September, five 
years to the month after a similar 
blob wreaked havoc on marine 
ecosystems and fisheries in this 
region. It’s enormous, stretching 
from southern California all the 
way to Alaska. When the first blob 
formed in 2014, whales started 
to feed in nearshore waters and 
got entangled in fishing gear. 
Thousands of young sea lions 
stranded themselves on beach-
es. A huge harmful algal bloom 
formed, contaminating shellfish. 
Multiple fishery disasters were 
declared.

Forecasters say the 2019 blob 
could break up and dissipate 
harmlessly. But — because they 
are scientists — they also say 
that if the cold water upwelling 
from deeper layers of the oceans 
slackens, the blob could expand 
instead. So, there is a lot of un-
certainty. The good news is that 
a new monitoring system is now 
in place that actually detected the 

warm blob while it was forming 
this year. This could help natu-
ral resource managers and the 
fishing industry plan and adapt in 
real-time. 

Even better, the National Oceanic 
and Atmospheric Administration 
has convened a group of experts 
to interpret the monitoring data 
and provide advice to working 
groups of fishermen, fishery 
managers and others that formed 
along the West Coast in response 
to the first blob.

This illustrates the first steps 
toward responsible adaptation 
to changes in the ocean, some 
of which may become more 
frequent or intense as a result 
of climate change. Marine heat 
waves (the scientific term for 
warm blobs) seem to be increas-
ing in intensity, perhaps as part 
of a long-term increase in ocean 
temperature as the ocean ab-
sorbs heat from the atmosphere.  

We must all continue to work on 
reducing greenhouse gas emis-
sions and increasing natural car-
bon sinks like forests and soil — 
and also the ocean’s biological 
carbon pump — to slow global 
warming down in order to reduce 
impacts and costs. But the earth 
is already warming, and we are 
locked into even more warming 

no matter what we do because 
of past emissions and reductions 
in carbon sinks, so we have to 
work toward solutions within our 
current reality.  

The best way to do that is to mon-
itor, interpret data, plan ahead 
and adapt. Even the best mon-
itoring data are useless unless 
people who understand the data 
and ocean ecosystems interpret 
them and provide guidance to 
stakeholders and managers. And 
then, of course, managers have 
to promulgate regulations that 
take projected changes in the 
ocean into account; stakeholders 
have to comply with the regula-
tions; and the regulations have  
to be evaluated to see if they 
work so they can be adjusted  
as needed. 

These are the basic tenets of 
effective fisheries management 
— monitoring, data interpreta-
tion, science-based regulations, 
strong accountability measures 
and adaptive decision-making. 
This will remain the recipe for 
success in the face of climate 
change, but the science, as well 
as the management goals and 
benchmarks, will need to be up-
dated to reflect changing ocean 
conditions.  

Along the West Coast, the moni-

toring system is in place, and ex-
perts have been convened to in-
terpret the data. It remains to be 
seen whether the other elements 
for successful adaptation will be 
put into place. Will resource man-
agers take the monitoring data 
into account when setting regu-
lations? Will stakeholders buy in 
to those regulations and comply 
with them? Will the regulations 
be regularly evaluated in order 
to make them better and more 
responsive to more changes in 
the ocean? The stakes are high, 
given the wide-ranging impacts 
of warm blobs.
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Issues of social equity and fairness are central to func-
tioning societies across the globe. When there is the 
perception of systematic unfairness — or an imbalance 

of equity within a society or group — unrest is sure to 
follow. You can see this playing out in real-time just by 
turning on the news. 

The same dynamics apply to the allocation of natural 
resources, especially those that relate directly to human 
well-being, including food, health and shelter. 

Fisheries are no different — and their systems of gover-
nance and management are deeply woven into the social 
fabric of many societies around the world. This means 
that issues of unfairness and inequity in fisheries have 
an outsized impact on many nations that rely on fish for 
food, nutrition and livelihoods, which are most prevalent 
in the developing tropics and Global South. And these 
issues will only become more critical as we factor climate 
change impacts into the equation, since those burdens 
will fall most heavily on the shoulders of those who are 
least prepared to deal with the weighty consequences.

In fact, successful fisheries governance systems can be 
severely undermined by even the perception of inequi-
ty. In the worst cases, unfair access can be enough to 
induce conflict, and “fish wars” can result. Even without 
such overt fights, lack of buy-in to management systems 
among all participants can undermine management effec-
tiveness, with both social and ecological consequences. 
Where sustainable management systems are not yet in 
place, inequity also affects the feasibility of achieving 
necessary reforms.

Further, in the context of climate change, inequity hinders 
the ability of a society to adapt as ecological systems 
change. As important and valuable target species in-
creasingly move away from their historical locations, the 
durability of management systems will be put to the test.  

Climate-resilient 
fisheries require 
fairness and equity
Willow Battista and Alexis Rife
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Failure to adapt in the face of 
climate change will undermine a 
society’s efforts at sustainability.

Of course, inequity is bad, all by 
itself. And inequity exists at many 
scales, not just within the ambit 
of a particular fishery or fishery 
management system. At the very 
largest scale, inequity exists 
where developed nations are dis-
proportionately responsible for 
climate pollution that dispropor-
tionately impacts the developing 
tropics. These regions are home 
to many of the world’s most vul-
nerable people and much of the 
world’s most important biodiver-
sity centers. It is time to push our 
collective understanding of cli-
mate change to identify not only 
the likely winners and losers, but 
also to find ways to make sure 
that impacted people are treated 
fairly, as even those changes 
already baked into global climate 
change are realized.

A Case Study: Squid Wars 
in Chile

Chile is in the news this month as 
protests, both violent and peace-
ful, have erupted around the 
country and have become a “na-
tional crisis.” Protests — some 
in the millions of people — are 
still going strong. These protests 
were spurred by rising costs and 

growing inequities in the country. 
However, this wasn’t the first time 
this year that Chile was rocked 
by social unrest. In January, 
protests erupted over access 
and gear types in the important 
Humboldt squid fishery, resulting 
in increased access for the small-
scale fleet and gear changes for 
the industrial fleet. 

In the current global political 
context, where millions of people 
are engaging in protests, it may 
seem like the use of one gear 
or another to catch squid is a 
small issue to spur such unrest 
and violence. However, what 
the so-called “squid war” has in 
common with these other pro-
tests around the world is that, at 
heart, they are rooted in issues of 
inequity and the societal power 
imbalances created by it.  

In the early 2000s, the Humboldt 
squid’s range began to change, 
partly driven by climate change, 
poleward along the southern 
coast of Chile, prompting more 
fishers — both artisanal and 
industrial — to want to take part 
in this fishery. In January 2019, 
the Chilean government, seeking 
sustainability of the fishery, intro-
duced a bill that sought to pro-
hibit the use of mid-water trawls 
(the favored gear of the indus-
trial sector). The industrial fleet 

immediately pressured for a veto. 
At this news, however, the small-
scale sector began protests and 
demonstrations, claiming that the 
trawl fishing results in overfish-
ing and ecosystem damage, 
and citing the industrial sector’s 
historically powerful influence on 
policy decisions that impacted 
both groups.

The squid war is a testament 
to the challenges of equity and 
fairness that fishers and fishery 
managers are beginning to (and 
increasingly, must) grapple with 
the world over as climate change 
causes fishery ranges to shift 
and harvests to change. In fact, 
climate change-driven “fish wars” 
are already happening in other 
places too, and as the effects of 
climate change progress, we can 
expect them to happen more and 
more. These conflicts point to a 
critical lesson for our efforts to 

build climate resilience in global 
fisheries: if fishing communities 
and nations are going to be 
able to transform and adapt to 
changing conditions, decisions 
and interventions must be guided 
by the principles of equity and 
fairness. If they are not, progress 
will be hindered and outcomes 
will be worse.

Equity and Sustainable, 
Climate-Resilient 
Fisheries

Inequity, both driven by and 
leading to systemic prejudice and 
power imbalances, has existed 
the world over since long before 
the impacts of climate change 
began to surface, including in 
fisheries management disputes 
around the world. It is critical 
that we not let the onset of 
overt climate change disguise 
or conceal these pre-existing 
conditions or obscure underlying 
culpabilities.  
It is clear, however, that climate 
change is going to worsen exist-
ing fisheries access and potential 
fish production inequities, both 
within and across groups. 

Some of the most vulnerable and 
historically-marginalized peoples 
around the world, especially 
those in the developing tropics, 
will be hit hardest by climate 

LUCIANO HIRIART-BERTRAND 
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change impacts. This is true at 
a global scale, where research 
shows that individual fish stocks 
will move poleward and total fish 
production potential will move 
away from coastal communities 
in the developing tropics,  where 
reliance on local fisheries for 
livelihoods and food security is 
highest. At the local or sectoral 
scale, these mostly small-scale 
fishers are particularly vulnera-
ble, with less financial flexibility 
and higher degrees of reliance 
on specific places and species. 
Thus, it is both a moral and a 
practical imperative that cli-
mate-resilience-building efforts 
address and reduce the resulting 
fisheries inequities. 

But there are other reasons to 
let the principles of fairness and 
equity drive climate-resilience 
interventions in fisheries man-
agement and governance. One 
is that inequity drives instability 
and lowers social cohesion, and 
when paired with changing ac-
cess to resources, it will reduce 
the resilience of societies,  limit-
ing their ability to transform and 
adapt to the effects of climate 
change. 

Truly sustainable fisheries man-
agement should also ensure that 
effective solutions are success-
fully taken up and implemented. 

One way to do this is by making 
sure impacted groups are part 
of decision-making processes. 
Doing so helps to ensure plans 
and policies adequately consider 
the full range of implications, and 
it also increases social buy-in to 
policy change and ensures that 
new management measures are 
perceived as legitimate.  

These are among the most 
important factors for ensuring 
successful implementation of, 
and compliance with, changes 
in management that aim to build 
climate-resilient fisheries. In 
addition, inclusive, participatory 
decision-making facilitates the 
incorporation of critical local 
knowledge from impacted com-
munities who likely have good 
ideas about the best ways to mit-
igate and adapt to the oncoming 
changes! 

In addition, as developed world 
societies accelerate their finan-
cial contributions to those on the 
receiving end of damage caused 
by climate emissions, there are 
many ways to focus investments 
in ways that offset impacts on 
the most vulnerable populations. 
In the fisheries arena, that can 
include direct investments in 
climate-smart fisheries manage-
ment and governance, but also in 
“blue carbon” projects that can 

dampen negative effects of rising 
seas and intensifying storms 
while simultaneously improving 
essential habitats for fish popula-
tions, such as mangrove swamps 
and seagrass beds. Properly 
designed fisheries management 
and blue carbon portfolios can 
help reinforce each other, while 
reducing negative effects on both 
human and natural communities. 
Resources are already available 
from the Green Climate Fund and 
other sources to begin trying this 
idea out. 

Finally, examining cli-
mate-change impacts and chal-
lenges through an equity lens 
can help to identify and address 
the underlying drivers  of both 
inequity and climate change, 
thereby leading to the creation 
of impactful, lasting solutions. 
Thus, equity must be an input to 
climate-resilience decision-mak-
ing, not just an output of it.

How to address equity in cli-
mate-resilient fisheries work is a 
challenge the world over. But, it 
is essential to begin moving for-
ward now to factor these needs 
into climate-smart fisheries de-
signs in order to make the rapid 
adaptations and transformations 
societies will need to make to 
deal with climate change.Fortu-
nately, scientific knowledge can 

help guide that process in three 
particular focus areas: 

1.	Distribution of benefits and 
damages. In building cli-
mate-resilient fisheries, care 
must be taken to ensure there 
are no clear winners and no 
clear losers as a result of 
climate change. This applies to 
the distribution of benefits and 
damages within groups, as well 
as across groups at an interna-
tional scale — and everything 
in between. In particular, when 
considering the implications 
of climate change on the 
developing tropics, equity 
considerations dictate that the 
developed world must provide 
support to impacted communi-
ties as systems transition. 

2.	Truly participatory deci-
sion-making processes. As 
discussed above, to be equi-
table, decisions made regard-
ing both the interpretation of 
climate-impact information and 
the best course of action to 
respond must be transparent, 
inclusive and human-cen-
tered. Many tools, resources 
and approaches exist to help 
facilitate participatory fishery 
management decision-making, 
and these same tools can be 
valuable as we work toward 
climate resilience.   
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3.	Recognizing and respect-
ing the identities of different 
groups and individuals. 
Different group identities 
(e.g., race, gender, class, age, 
etc.) can be associated with 
different levels of marginal-
ization and vulnerability and 
with differential abilities to 
participate in decision-making 
and to adapt to change. We 
need to understand how each 
impacted group perceives 
climate impacts, build capacity 
for management in order to 
empower marginalized groups 
and increase their agency and 
foster discussions where indi-
viduals and groups can work 
together, support one another 
and learn from each other. 

When we look at impacts of cli-
mate change on fisheries through 
an equity and fairness lens, soci-
ety can develop higher-leverage, 
more impactful and more sustain-
able solutions. By building fish-
eries management in a way that 
promotes fairness and equity, the 
world can foster social resilience, 
which in turn will help support the 
transformative change necessary 
to create thriving fisheries and 
fishing communities in the future. 

Building Fisheries 
for the Future 
Merrick Burden 
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Climate change is here and 
can only get worse. This 
promises to scramble the 

oceans in ways we do not yet 
fully understand, and it poses 
nothing short of an existential risk 
to marine ecosystems and the 
people that rely upon them for 
livelihoods and food security. Yet, 
the future is not without hope. If 
we can stem emissions, there is 
reason to believe that the sea can 
continue to host abundant and 
diverse life and support the eco-
nomic, social and food needs of 
society. But we must get started 
now. 

As we wrap up this series, mul-
tiple efforts are underway — or 
have recently commenced — to 
move global society to address 
the effects of climate change on 
fisheries. Just this fall, we have 
seen the importance of address-
ing climate change in fisheries 
highlighted in the IPCC Special 
Report on the Ocean and Cryo-
sphere in a Changing Climate, at 
events during UN Climate Week, 
at the FAO International Sympo-
sium on Fisheries Sustainability, 
and shortly, at COP25 (often re-
ferred to as the “Blue COP”). Ear-
ly next year the High Level Panel 
for a Sustainable Ocean Econo-
my will release its findings. These 
high-visibility global events are 
serving a much-needed purpose 

in raising the specter of this issue 
and motivating global society 
toward constructive change. The 
question, of course, is “how will 
society react?”

In this series, we have drawn 
upon our experiences to outline 
several key priorities, focus areas 
and strategies that practitioners 
around the world can embrace in 
order to build more resilient fish-
eries and to ensure that society 
reacts in the most constructive 
manner possible. These key pri-
orities, focus areas and strategies 
can be described as: 

1. Ensure effective fishery 
management and 
governance is in place

Addressing climate change 
effects on ocean fisheries will 
require a certain level of fishery 
management sophistication. 
This means that, in places where 
effective management and gover-
nance does not yet exist, the first 
step must be the establishment 
of effective management and 
governance and the implemen-
tation of best practice. Without 
it, there’s very little that can be 
done to address climate change 
effects. 

2. Anticipate and plan for 
future change

Looking ahead and planning for 
the future can help us avoid prob-
lems that may otherwise arise. 
When we look toward the future, 
we should ask ourselves whether 
all aspects of  management and 
governance systems are set up 
appropriately in the face of future 
change. For instance, we should 
ask ourselves questions like: Are 
our existing fishery management 
goals appropriate? Are manage-
ment plans focused on the cor-

rect geographies? Are scientific 
evaluation tools set up in ways 
appropriate for future conditions? 
Are management benchmarks 
appropriate for future conditions? 
What sort of conflicts (allocation 
or otherwise) will arise in a future 
world? And, what sort of risks 
does the future hold in store to 
the integrity of the management 
system? By anticipating these 
changes ahead of time, we can 
begin the important process of 
adaptation and transition before 
problems occur.
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3. Enhance international 
cooperation

Most fish stocks are expected 
to move as a result of climate 
change, and this means that the 
geographic scale of manage-
ment must change along with 
it if we hope to manage stocks 
sustainably across their range. 
That means we must get better 
at international cooperation. 
Fortunately, there are successful 
models that we can learn from.

4. Build general resilience 
of the ecosystem to 
help respond to the 
unknown

We must humbly acknowledge 
two important aspects of climate 
change: 1) That there is a lot we 
do not know about how climate 
change will unfold, and 2) it 
would be impossible for mankind 
to manage all consequences of 
climate change even if we could 
foresee them. When we acknowl-
edge these realities, the ratio-
nal response is to help ensure 
marine ecosystems are made 
resilient. This means elevating 
the importance of things like 
genetic and biological diversity, 
habitat complexity and connec-
tivity, ensuring adequate popula-
tion sizes of marine species and 
more. By bolstering these kinds 

of resilience attributes in marine 
systems, we can help that system 
to resist and recover from cli-
mate-related shocks — including 
those that we do not anticipate.

5. Use the principles of 
fairness and equity to 
drive policy decisions

Inequity is already a concern 
at global and local levels and 
climate change promises to 
exacerbate these problems, with 
societies in developing equa-
torial nations standing to suffer 
the most severe consequences. 
Such inequity of effects raises 
many moral issues, especially 
when we consider that many 
places that will suffer from cli-
mate change are the places that 
have contributed the least to it. 
Therefore, working to address 
and reverse these inequities 
is simply the right thing to do. 
However, issues of inequity and 
fairness also relate directly to 
the acceptance and durability of 
sustainable fishery management 
systems. In the face of climate 
change, we will be asking large 
swaths of society to make large 
adaptations and transformations 
as the ocean system changes 
around us. History shows us 
that society is far more likely to 
embrace and continue to support 
these kinds of changes when 

society perceives the process as 
fair and the outcomes are equi-
table. Thus, addressing issues of 
fairness and equity are important 
for two reasons: 
1.	 it’s a moral obligation on the 

part of the developed world, 
and 

2.	 our success at implementing 
climate-smart fishery  
management depends on it. 

While shifting standard ap-
proaches to align with these key 
strategies may seem complicat-
ed, in reality, learning and 
adapting are an inherent part of 
effective fishery management. 
Indeed, many would say that  
the ideal governance system 
would be based on ecosys-
tem-based adaptive manage-
ment, which inherently relies 
on flexibility and improvements 
through time. However, climate 
change will release greater and 
faster changes than expected, 
requiring more nimble adapta-
tion. As events unfold, we will 
need to view them as learning 
opportunities and adapt manage-
ment, science and monitoring 
in ways commensurate with that 
experience. This will help us to 
continually get better at refining 
our approaches to fisheries man-
agement in the face of climate 
change.

Doing all of this on a global scale 
is a tall order. However, the fact is 
that we are already doing these 
things in many places. As we 
do so, we are learning a great 
deal from these experiences 
that we can use to help advance 
climate-smart fishery reforms 
elsewhere.  
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