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A GLOBAL PUSH FOR MARINE  
PROTECTION

In 2023, the 198 nation members of the Convention 
of Biological Diversity ratified the Kunming-Montreal 

Global Biodiversity Framework decision. This in-
cluded the ambitious target of effectively protecting 
30% of coastal areas—focusing on habitats of impor-
tance for biodiversity, ecosystem function, and ser-
vices—by establishing systems of protected areas 
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Abstract
Kelp forests are among the most valuable ecosystems on Earth, but they are 
increasingly being degraded and lost due to a range of human-related stressors, 
leading to recent calls for their improved management and conservation. 
One of the primary tools to conserve marine species and biodiversity is the 
establishment of marine protected areas (MPAs). International commitments 
to protect 30% of the world's ecosystems are gaining momentum, offering 
a promising avenue to secure kelp forests into the Anthropocene. However, 
a clear understanding of the efficacy of MPAs for conserving kelp forests 
in a changing ocean is lacking. In this perspective, we question whether 
strengthened global protection will create meaningful conservation outcomes 
for kelp forests. We explore the benefits of MPAs for kelp conservation under 
a suite of different stressors, focusing on empirical evidence from protected 
kelp forests. We show that MPAs can be effective against some drivers of kelp 
loss (e.g., overgrazing, kelp harvesting), particularly when they are maintained 
in the long-term and enforced as no-take areas. There is also some evidence 
that MPAs can reduce impacts of climate change through building resilience in 
multi-stressor situations. However, MPAs also often fail to provide protection 
against ocean warming, marine heatwaves, coastal darkening, and pollution, 
which have emerged as dominant drivers of kelp forest loss globally. Although 
well-enforced MPAs should remain an important tool to protect kelp forests, 
successful kelp conservation will require implementing an additional suite of 
management solutions that target these accelerating threats.

K E Y W O R D S
climate change, coastal darkening, conservation, macroalgae, marine heatwaves, nutrients, 
seaweed, top-down control

www.wileyonlinelibrary.com/journal/jpy
mailto:
https://orcid.org/0000-0001-8413-6797
https://orcid.org/0000-0002-9604-9188
https://orcid.org/0000-0002-6057-9937
https://orcid.org/0000-0002-3355-3096
https://orcid.org/0000-0003-1185-9745
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:kfilbeedexter@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjpy.13446&domain=pdf&date_stamp=2024-03-28


204  |      FILBEE-DEXTER et al.

and other effective area-based conservation measures 
(Convention on biological diversity [CBD], 2022). This 
target follows a clear push to increase the amount of 
ocean contained in protected areas and to ensure that 
these protected areas encompass networks of a variety 
of habitats with high biodiversity (Duarte et al., 2020; 
Lubchenco & Grorud-Colvert, 2015). Kelp forests—the 
ecosystems formed by canopy-forming Laminariales 
and some other brown macroalgae—cover about a third 
of the world's coastlines (Jayathilake & Costello, 2021) 
and provide important ecosystem services and func-
tions (United Nations Environmental Programme 
[UNEP],  2023). Despite their importance to coastal 
peoples, kelp forests are increasingly threatened by 
anthropogenic activities and have already experi-
enced wide-scale declines over the past half century 
(Krumhansl et al., 2016; Wernberg et al., 2019). The es-
calating global loss of kelp forests has prompted calls 
for heightened conservation attention on these ecosys-
tems (Feehan et al., 2021; Valckenaere et al., 2023), as 
demonstrated by the recent launch of the Kelp Forest 
Challenge, an initiative to protect 3 million hectares of 
kelp forests by 2040 (Eger et al., 2023).

Marine protected areas (MPAs) are a type of area-
based management strategy involving a wide range 
of potential measures that restrict human activities in 
coastal or ocean areas, with the general aim of con-
serving and safeguarding ocean life (SDG4; Gissi 
et  al.,  2022). The degree of protection within a MPA 
can vary widely, ranging from no-access and no-take 
areas where some human activities are prohibited to 
partially protected areas where most activities are al-
lowed to different degrees (Grorud-Colvert et al., 2021). 
Fishing is commonly regulated within no-take MPAs, 
along with other direct pressures such as harvesting, 
dredging, anchoring, dumping, and construction (Kriegl 
et al., 2021). Marine protected areas—and in particular, 
no-take marine reserves—can be effective at increas-
ing abundances of fished or other harvested species 
and often support larger numbers of bigger and higher 
trophic level fish compared to exploited areas (Coleman 
et al., 2015; Gill et al., 2017; Pendleton et al., 2018). In 
fact, common measures of MPA effectiveness include 
total fish biomass, fish species richness, and number 
of large fishes, whereas measures such as habitat 
health or abundance of foundation species including 
kelps and seagrasses are less often considered (Edgar 
et  al.,  2014; Lester et  al.,  2009). Consequently, there 
is considerably less evidence that MPAs contribute 
toward habitat conservation and protection of marine 
foundation species beyond directly targeted species 
(Bruno et al., 2019; Strain et al., 2019).

Despite much-welcomed prospects of a strength-
ened ambition to conserve kelp forests, the conser-
vation efficacy of policies aimed at rapidly increasing 
the extent of protection has been questioned (Agardy 
et al., 2003; Costello & Ballantine, 2015). Area-based 

protection in the marine environment is known to gen-
erate variable conservation and socioeconomic bene-
fits, as “protection” comes in a wide range of shapes 
and sizes (Kriegl et al., 2021; Relano & Pauly, 2023). 
The concept of area-based protection and the under-
lying mechanisms for its efficacy have been devel-
oped in terrestrial systems and applied often in marine 
systems to reduce overfishing. Moreover, MPAs have 
often been designed to maintain the status quo of a 
given ecosystem, but their conservation goals and 
pressures may become increasingly misaligned as 
novel threats emerge as dominant drivers of ecosys-
tem change. For example, MPA planning or manage-
ment typically is not designed to adapt to the effects 
of warming ocean temperatures and extreme climatic 
events (Jones et  al.,  2016), despite these events in-
creasing in frequency and severity  as well as their 
importance in shaping marine ecosystems worldwide 
(Wernberg et  al.,  2024). In the face of a global push 
to protect a greater area of the kelp forest biome, it is, 
therefore, pertinent to ask: Will more MPAs generate 
more meaningful conservation outcomes for kelp for-
ests? Here we explore the effectiveness of MPAs for 
managing key drivers of kelp loss, including mitigating 
localized threats of kelp harvest, overfishing, nutrient 
pollution, coastal development, and invasive or range 
expanding species, as well as global threats associ-
ated with accelerating climate change. We discuss how 
conservation paradigms and protection targets may be 
challenged in the face of climate change and what new 
conservation tools may be needed to address large-
scale threats such as rising ocean temperatures and 
marine heatwaves. We contend that, although protec-
tion remains a foundational solution in kelp conserva-
tion, protecting 30% of the world's kelp forests is not 
a silver bullet to ensure these habitats will persist and 
thrive in the coming century.

CAN MPAS EFFECTIVELY 
CONSERVE KELP FORESTS?

The effectiveness of MPAs in conserving kelp forests 
has relied on the extent that local anthropogenic pres-
sures directly or indirectly threaten kelp in the region 
and the extent that the MPA restricts damaging ac-
tivities. Marine protected areas may benefit kelp di-
rectly, by limiting destructive kelp harvest, or indirectly, 
through increasing biomass of exploited predators of 
kelp consumers or restricting coastal development that 
causes poor water quality (Figure 1). In contrast, MPAs 
can be expected to have limited effectiveness against 
environmental stressors such as warming and marine 
heatwaves, which have regional manifestations and 
cannot be directly mitigated by restricting local human 
activity (Figure 1). Many threats to kelp forests can have 
cumulative impacts (Wernberg et al., 2019), so under 
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multi-stressor situations, area-based protection of kelp 
forests could be a way to alleviate pressure from one 
or more local stressors and build resilience to others 
(Roberts et al., 2017).

MPA EFFECTIVENESS 
AGAINST DIRECT HARVESTING 
AND OVERFISHING

Globally, harvesting of wild kelp is a minor driver of kelp 
forest loss, but harvesting can be a locally or regionally 
important stressor in some areas (e.g., Chile, Norway, 
France, Japan, and Peru are responsible for 96% of 
the global wild kelp harvest; UNEP, 2023). Maine pro-
tected areas or other effective area-based conservation 
measures that prevent and/or manage the harvesting 
of kelp forests can have beneficial conservation out-
comes in heavily harvested areas. For instance, areas 
closed to harvesting in Chile, Norway, and France sup-
port higher kelp biomass compared to areas without re-
strictions, over both short and long timescales (Castilla 
& Bustamante, 1989; Norderhaug et al., 2020; Sander 
et al., 2023). The establishment of no-take MPAs in Chile 
resulted in areas within MPAs having up to three times 
more biomass of kelp than nearby exploited areas, a 
difference that was maintained over 2 decades, with 
spillover of kelp to exploited areas ~5 years following 
protection (Castilla et al., 2007; Figure 2e). There are 

F I G U R E  1   Marine protected areas mitigate different drivers of 
loss for kelp forests through prevention of stressors, resistance to 
stressors, or recovery following stressors. Ticks and designations 
of effectiveness are based on studies of kelp forests within MPAs, 
and do not include theoretical or modeled scenarios. The scale of 
kelp area impacted is approximate and based on global estimates 
of lost kelp areas and associated drivers summarized in Filbee-
Dexter et al. (2022). Gradual warming and marine heatwaves often 
co-occur, so together these stressors are considered associated 
with the largest kelp area impacted. [Color figure can be viewed at 
wileyonlinelibrary.com]

F I G U R E  2   Examples of roles of MPAs in kelp conservation: (a) in California across MPAs in the Channel Islands (Malakhoff & Miller, 
2021), (b) in Tasmania, within two experimental marine reserves (Ling & Keane, 2021), (c) in northern New Zealand within the Rodney-
Okakari reserve (Peleg et al., 2023), (d) in California in one Channel Island (Caselle et al., 2018), (e) in Chile, in no-take MPAs (Castilla 
et al., 2007), (f) in Spain, in a newly established MPA (Barrientos et al., 2023), (g) in California, in the Channel Islands (Eisaguirre et al., 
2020), (h) in Australia, based on kelp survival inside and outside of Jurien Marine Reserve (Wernberg et al., 2016), (i) in southern Norway, 
in six sites within Raet National Park compared to three reference sites outside (Filbee-Dexter et al., 2020). Drivers of kelp loss are shown 
in gray symbols (orange online) and mechanisms through which an MPA was effective are shown in black symbols. [Color figure can be 
viewed at wileyonlinelibrary.com]
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also examples of kelp harvesting that cause little to no 
damage to the ecosystem. First Nations communities 
in British Columbia, Canada, use sustainable systems 
of traditional harvesting, and companies in South Africa 
and Namibia sustainably collect beach wrack, which 
has been shown to cause no declines in biomass or the 
health of the system (Krumhansl et  al.,  2017; Sander 
et  al.,  2023). This suggests MPAs may not increase 
kelp abundance in areas with sustainable harvesting 
practices.

Overfishing can deplete the abundance of top pred-
ators, releasing predator pressure on herbivores (e.g., 
sea urchins or herbivorous fish) that can then over-
graze kelp (Filbee-Dexter & Scheibling, 2014; Steneck 
et al., 2002). Marine protected areas can be an effec-
tive conservation tool to prevent overfishing and rebuild 
predator populations, with cascading effects down the 
food chain and spillover effects to surrounding habitats 
(Harrison et al., 2020). This particularly applies to large 
no-take MPAs (e.g., marine reserves) with well-enforced 
compliance, that are over a decade old, and that are 
isolated by habitat boundaries (Edgar et  al.,  2014). 
Perhaps one of the most well-known examples of an 
MPA leading to protection and recovery of kelp forests 
is the Cape Rodney-Okakari reserve in northern New 
Zealand, an area where overfishing drove historical 
kelp declines (Peleg et al., 2023; Figure 2c). By mitigat-
ing fishing pressure, this MPA increased the fish and 
invertebrate predators of sea urchins, which in turn de-
creased urchin abundances and destructive grazing of 
kelp forests (Babcock et al., 2010; Leleu et al., 2012). 
Kelp forests in the reserve compared to nearby fished 
sites were more stable and abundant and increased in 
cover over the 22-year monitoring period, suggesting 
that long-term protection can increase resistance to 
grazing and enhance kelp recovery (Peleg et al., 2023). 
In Tasmania, there is evidence that protecting large 
predatory spiny lobsters could help prevent further 
shifts to sea urchin barrens (Ling, Johnson, Frusher, 
et  al.,  2009). In the California Channel Island MPAs, 
increases in the urchin predators California sheeps-
head fish and spiny lobster led to reduced overgrazing 
in some sites and denser native kelp forests (Eisaguirre 
et al., 2020). This also increased resistance to invasion 
by Sargassum horneri compared to fished sites (Caselle 
et  al.,  2018)  and suggests that restricted fishing can 
maintain and recover kelp forests and increase resis-
tance to other drivers of change (Figure 2d). However, 
across all sites surveyed in the Channel Islands Long-
term Ecological Monitoring, there have been no over-
whelming increases in kelp forests nor clear overall 
reductions in urchin populations within MPAs compared 
to outside MPAs (Malakhoff & Miller, 2021; Figure 2a). 
Although here we focus on whether MPAs protect 
kelp foundation species, MPAs can also have strong 
impacts on associated fish communities  (extensively 
reviewed by others, for example, Bosch et  al.,  2022; 

Edgar et al., 2014; Ziegler et al., 2023), which can alter 
ecosystem functioning and enhance societal benefits 
of kelp forests within MPAs (Caselle et al., 2015).

The effects of predator protection on kelp forest 
abundance are often context-dependent and location-
specific and depend on the effectiveness of MPAs in 
restoring predator populations and the strength of 
top-down control, as well as other factors (Malakhoff 
& Miller, 2021; Shears et al., 2008). As such, protect-
ing predators may not always lead to effects consis-
tent with a simple top-down trophic model. Marine 
protected areas may have limited capacity to rebuild 
large mobile finfish populations with ranges that greatly 
exceeds the area protected (Breen et al., 2015). There 
is little to no evidence that MPAs (even if fully enforced) 
can fully recover depleted coastal cod stocks (Morris 
et al., 2014), which drove the collapse of kelp forests in 
the 1960s and 1970s in the Gulf of Maine and Norway 
(Norderhaug et al., 2021; Steneck et al., 2013). There 
is evidence that MPAs can positively increase the size 
and abundance of coastal cod in some areas (Moland 
et  al.,  2013), yet complete closures of the fishery in 
Canada and USA have not recovered the stock. Sea 
otters are also other important predators of urchins 
(Estes et al., 1978), and their declines are linked to lost 
kelp forests in parts of Alaska, British Columbia, and 
Russia. Yet sea otter conservation strategies do not in-
volve establishing protected areas but rely on hunting 
bans and reintroductions (Larson et al., 2015). Further, 
predator populations may take several years or even 
decades to rebuild to the extent necessary for trophic 
cascades to occur and recover kelp forests. Newly es-
tablished MPAs around one Channel Island in California 
have not shown reduced grazing pressure and resis-
tance to invasive species compared to long-term MPAs 
(Caselle et  al.,  2018). In Spain, kelp forests within a 
newly established and lightly protected MPA experi-
enced higher fish (Sarpa salpa) grazing pressure com-
pared with kelp forests outside, leading to unexpectedly 
lower kelp forest biomass within the MPA compared to 
reference sites (Barrientos et al., 2023; Figure 2f). The 
higher abundances of fish likely are not explained by 
the MPA, as these fish have low commercial interest in 
the region, so the mechanism for this decline in kelp is 
unclear (Barrientos et al., 2022). It is evident that MPAs 
without clear goals, with weak regulations, and which 
are not properly enforced (i.e., “paper parks”) will not 
recover kelp forests (Edgar et al., 2014; Grorud-Colvert 
et al., 2021).

The strength of top-down control by MPAs can be 
mediated by numerous biotic and abiotic factors (e.g., 
environmental stressors, food web complexity, prey be-
havior; Edgar et al., 2014, Grorud-Colvert et al., 2021). 
Comparisons among reserves and adjacent fished 
sites in New Zealand's North Island (including the Cape 
Rodney-Okakari reserve and five more recently estab-
lished reserves) revealed variation in the effectiveness 
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of the MPA at rebuilding fish and invertebrate preda-
tors of urchins and therefore, the effectiveness of the 
MPA at rebuilding kelp forests was associated with 
regional and local-scale gradients of sediments and 
wave exposure (Edgar et al., 2017; Shears et al., 2008). 
Furthermore, across both reserve and non-reserve 
sites in northern New Zealand, the densities and ex-
tent of sea urchin barrens formed by the sea urchin 
Centrostephanus rodgersii has increased significantly 
over the past 22 years, which has coincided with ocean 
warming. This suggests that MPA-driven recovery 
of predators may not prevent outbreaks of destruc-
tive grazing by these subtropical species (Balemi & 
Shears,  2023). In Tasmania, experimentally increas-
ing lobsters by establishing closed fishing areas and 
translocating ~1000 large lobsters to each area was not 
enough to recover the kelp forest in extensive barrens 
after 12 years (Ling & Keane, 2021; Figure 2b). This sug-
gests that MPAs cannot easily recover the kelp once 
the ecosystem has shifted to a barrens state (Filbee-
Dexter & Scheibling,  2014; Ling, Johnson, Frusher, 
et  al.,  2009). In some regions (e.g., the NE Atlantic, 
Western Australia), kelp forests are mainly structured 
by non-trophic factors (e.g., climate, wave exposure, 
reef complexity), and expectations for kelp recovery in 
MPAs designed to restrict fishing pressure may conse-
quently be limited.

MPA EFFECTIVENESS AGAINST 
REDUCED WATER QUALITY

Reduced water clarity (coastal darkening) and pollution 
are important drivers of kelp forest loss (Frigstad 
et al., 2023; Gorman & Connell, 2009; Tait et al., 2021). 
There is little to no evidence that MPAs protect kelp 
forests from these drivers. Marine protected areas 
may theoretically be effective in mitigating localized 
pollution by restricting certain polluting activities, such 
as aquaculture farming, sewage outlet discharge, and 
coastal developments that cause poor water quality. 
However, water quality issues in coastal areas tend to 
be highly influenced by pollutants derived from land-
based sources, some of which are located upstream 
in watersheds and wetlands and can include urban, 
mining, industrial, and agricultural pollution (Mora & 
Sale, 2011). As a result, the ability of MPAs to mitigate 
poor coastal water quality and increased sedimentation 
is often limited (Beliaeff & Pelletier,  2011; Brodie & 
Waterhouse,  2012; Connell,  2007). For example, the 
abundance and species richness of seagrass meadows 
at 55 sites across the Philippines was not related to 
level of marine protection  but significantly related to 
land-use practices due to impacts from farmland and 
urbanization (Quiros et al., 2017). Integrating catchment-
wide management actions (e.g., restricting the use and 
runoff of agricultural pollutants, erosion management) 

with local-based management within MPAs may be 
a more effective way to combat poor water quality 
(Connell,  2007; Sander et  al.,  2023) by, for example, 
designing MPAs to be adjacent to national parks 
where development and catchment issues are limited. 
Furthermore, some sources of poor water quality that 
have impacted kelp forests are not due to local human 
impacts but to broader climate change, such as 
increased sedimentation from extreme flooding, coastal 
erosion, melting glaciers, and crumbling permafrost 
(Davis et al., 2022; Filbee-Dexter et al., 2019). These 
drivers of kelp loss will not be effectively mitigated by 
area-based protection measures.

MPA EFFECTIVENESS AGAINST 
CLIMATE CHANGE STRESSORS

Compared to threats of harvest and overfishing, 
MPAs are often less effective against the threat posed 
by broader-scale environmental changes, such as 
warming oceans and increased extreme events (Cooley 
et  al.,  2022). This is critical, as climate change has 
become the dominant driver of kelp loss globally, both 
through gradual changes in temperature and increases 
in the frequency and severity of marine heatwaves 
(Wernberg et  al.,  2024). At the warm range edges of 
kelp forests, where sea temperatures now regularly 
exceed thermal thresholds for kelp mortality (Coleman 
et al., 2022; Wernberg et al., 2024), protection will provide 
little benefit. In Australia, there was no difference in 
kelp survival inside and outside of a marine park during 
the 2011 marine heatwave (Wernberg et  al.,  2016; 
Figure  2h). In California, researchers observed no 
difference in kelp forest resistance or recovery to 
the 2014–2016 Northeast Pacific heatwave across a 
network of 124 MPAs (Smith et al., 2023). This contrasts 
expectations that MPA networks can promote recovery 
via spillover and dispersal from nearby populations 
(Harrison et al., 2020). In southern Norway, kelp forests 
within reserves did not have higher survival during a 
marine heatwave compared to outside reserves (Raet 
National Park; Filbee-Dexter et  al.,  2020; Figure  2i). 
Marine heatwaves are increasing in frequency and 
severity in these areas (Oliver et  al.,  2018), yet 
recovery trajectories of degraded kelp forests are 
often slow, suggesting effective rebuilding is unlikely. 
Protecting kelp forests from these stressors requires 
an immediate reduction of greenhouse gas emissions 
and an aggressive phase out of fossil fuels (Cooley 
et  al.,  2022). Moreover, other more transformative, 
active approaches, such as targeting climate refuges 
for protection (Arafeh-Dalmau et  al.,  2023) or using 
assisted migration or evolution instead of passive 
protection (Coleman et al., 2020), will likely be required 
to ensure that kelp forests remain resilient into a 
warming future. Conversely, establishing MPAs that 
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effectively protect kelp forests from other stressors may 
be one way to reduce greenhouse gas emissions and 
mitigate these climate change impacts, because kelp 
forests can store and sequester atmospheric carbon 
in some areas (Jankowska et al., 2022; Pessarrodona 
et al., 2023).

Kelp forests may still be protected from rising 
ocean temperatures if MPAs abate other stressors, 
which can increase resilience to some level of warm-
ing (Hamilton et  al.,  2022), but empirical evidence of 
MPA-fostered resistance to gradual warming is limited 
(Bates et al., 2019). Mass die offs of foundation species 
are regularly documented in MPAs around the world 
and the role of MPAs in building resilience to climate 
change has been debated for other marine ecosys-
tems, such as coral reefs (Graham et al., 2020; Selig 
et  al.,  2012). Yet, there is some evidence that MPAs 
could protect kelp forests from climatic stressors by 
potentially increasing kelp resistance and resilience to 
the indirect effects of climate change, which arise when 
warming impacts kelp through climate-mediated shifts 
in competitors or grazers or increases in consumptive 
pressure (e.g., Ling, Johnson, Ridgeway, et al., 2009; 
Vergés et al., 2016). In these cases, maintaining a more 
intact food web (e.g., high predator biomass) can help 
to dampen these impacts through mechanisms similar 
to those described above for top-down control. Long-
term monitoring from the Channel Islands, California, 
showed that outbreaks of sea urchin overgrazing follow-
ing the 2014 marine heatwave and consequent die-off 
of sunflower sea stars were less common inside MPAs 
compared to outside MPAs (Eisaguirre et  al.,  2020). 
This resilience was because other sea urchin predators, 
namely California sheepshead fish and spiny lobster, 
were more abundant inside MPAs, providing trophic 
redundancy that protected the kelp forest (Eisaguirre 
et al., 2020; Figure 2g). Multi-decadal records from reef 
surveys across Tasmania have shown an increase in 
seaweed forest canopy cover (including kelp species) 
following protection compared to an increase in turf 
cover and tropicalized reef communities in exploited 
regions, despite background warming occurring in both 
(Bates et al., 2017). This increase in kelp was attributed 
to more carnivorous fishes and lobsters and fewer her-
bivores within reserves compared to outside reserves, 
which prevented or reduced climate-driven shifts to turf 
algal reefs.

RETHINKING KELP PROTECTION

Establishing MPAs is a low-risk strategy for kelp forest 
conservation and should continue to be considered a 
foundational management approach to mitigate the 
impacts of local stressors and increase kelp popula-
tion resilience overall. Yet ongoing external stressors 

largely prevent positive effects to kelp forests from 
MPAs in many areas. In these areas, reducing pol-
lution and/or mitigating climate change are the most 
important actions for conserving kelp forests. The 
Kunming-Montreal Global Biodiversity Framework 
2030 target describes effectively managing and 
conserving coastal ecosystems through systems of 
protected areas and other effective area-based con-
servation measures that are integrated into wider 
landscapes. Given the limitations of current MPAs in 
abating land-based water quality stressors for kelp 
forests, other area-based measures that span coastal 
and terrestrial boundaries, such as reduced terres-
trial wastewater, will be critical to implement. Marine 
protected areas should also be designed to manage 
or mitigate the impacts of ocean warming, tropicaliza-
tion, and/or increased severe events. Although princi-
ples that promote resilience to climate change, such 
as long-term goals and adaptive management, are 
often embedded in MPAs, explicit climate change miti-
gation and adaptation strategies are still uncommon 
(Lopazanski et  al.,  2023). Frameworks for designing 
“climate-smart” MPAs—which promote connectivity 
and gene exchange among populations, incorporate 
adjustments to MPA boundaries to reflect changing 
climatic conditions, target protection of blue carbon 
habitats that enhance CO2 drawdown, and integrate 
knowledge of climate refugia that might enhance re-
covery potential—are beginning to emerge (Arafeh-
Dalmau et  al.,  2023; Coleman et  al.,  2013, 2017; 
Jankowska et al., 2022). However, these frameworks 
will still not be able to fully mitigate the impacts of cli-
mate change on kelp forests.

Importantly, to conserve kelp forests, MPAs must 
be implemented alongside a wider array of tools 
that include active interventions, such as restoration 
(CBD,  2022; Eger et  al.,  2022). Moreover, “future-
proofing” measures, such as assisted migration and 
adaptation, are also likely to be key to mitigating the 
direct impacts of climate change over the next cen-
tury (Coleman et al., 2020; Wood et al., 2019). Marine 
protected areas may facilitate and even enhance both 
the implementation and outcomes of these inter-
ventions. Choosing MPAs as restoration sites could 
improve survival and kelp recruitment by affording in-
creased protection from other local stressors (Cebrian 
et  al.,  2021). Additionally, restoration initiatives can 
yield more co-benefits (e.g., enhanced fish stocks) 
in kelp forests within MPAs compared to those in 
unprotected areas (Hopf et al., 2022). Despite these 
benefits, the local-based targets and inflexibility in ad-
justing boundaries that are embedded in many MPAs 
management plans can hamper the implementation of 
novel management strategies. For example, requiring 
permits within MPAs can constitute a significant bar-
rier to conducting kelp restoration activities in some 
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jurisdictions (Wood et al., 2024). A key challenge mov-
ing forward will thus be to ensure that MPA delimita-
tion does not prevent other, perhaps more urgent and 
impactful measures where they are needed. This pre-
dominantly bureaucratic issue is somewhat analogous 
to the widespread issue of “paper parks” that have 
been established alongside increased marine protec-
tion mandates and ultimately weaken conservation 
impacts (Relano & Pauly,  2023). This illustrates the 
need to review MPA management plans, designs, and 
implementation frequently to ensure they adapt to cli-
mate change and best facilitate conservation targets.

CONCLUSIONS

One of the major strategies for securing our ocean eco-
systems is to protect 30% of marine areas by 2030. As 
one of the most widespread, valuable, and biodiverse 
coastal ecosystems, kelp forests have a key role to play 
in the global protection of biodiversity and ecological 
function. Yet, it is unclear how effective protection will 
be for maintaining and rebuilding kelp forests over the 
next century. Lack of monitoring and mapping of most 
of the world's kelp forests and mixed enforcement of 
MPAs make it difficult to assess the true effectiveness 
of protection of kelp. Yet, historically there are only a 
few examples of MPAs successfully recovering kelp 
or avoiding loss. Although it is evident that long-term 
protection can be beneficial to kelp forests, particularly 
in areas where there is strong top-down control, to 
date MPAs have had limited success in protecting kelp 
against poor water quality and appear to provide little to 
no immediate protection against the effects of climate 
change. Although we acknowledge the need for marine 
protection, only a strong reduction in fossil fuel emis-
sions will prevent the impacts of climate change on kelp 
forests, which are increasingly becoming a main threat 
to these ecosystems globally. To conserve kelp forests, 
along with a range of other ecological assets supported 
by these ecosystems, we will need a different manage-
ment toolkit, one that reduces land-based pollution and 
coastal darkening and boosts kelp resilience to climate 
change.
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