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The Northeast Pacific Marine 
Heatwave

The Northeast Pacific marine heatwave 
was the only marine heatwave recorded 
globally in recent decades that lasted 
through all four seasons and over 
consecutive years. A brief hiatus in 
2016 was short-lived, with warming 
re-intensifying between late 2018 and 
2019. The heatwave wasn’t just record-
breaking in its duration and magnitude, 
but also in the diversity of habitats 
it affected, ranging from shoreline 
ecosystems to the deep ocean.

Some biological responses to the 
heatwave were apparent; tens of 
thousands of dead seabirds washed 
up on beaches, toxic algal blooms 
intensified and spread along the West 
Coast, and fewer humpback whales 
arrived in their breeding grounds in 
Hawaii. 

Such marine heatwaves will only 
intensify as climate change continues. 
In 2016, 70% of the world’s oceans 
experienced intense or severe 
heatwaves, up from 30% in 2012. While 
the immediate effects of heatwaves can 

sometimes be apparent, few studies 
have evaluated the lingering impacts of 
heatwaves on whole ecosystems.

In 1989, another environmental disaster 
received international attention. The oil 
tanker Exxon Valdez spilled 11 million 
gallons of oil into the Gulf of Alaska. 
In response to this disaster, the Exxon 
Valdez Oil Spill Trustee Council and 
scientists established an extensive 
monitoring program to assess long-
term recovery. Dr Robert Suryan, a 
marine biologist at the National Oceanic 
and Atmospheric Administration 
(NOAA) took advantage of this data to 
determine how the Gulf of Alaska has 
responded to and recovered from the 
Northeast Pacific marine heatwave.

Tracking Long-term Impacts

Dr Suryan and his collaborators 
showed that this Pacific heatwave left 
its mark on diverse ecosystems – from 
the shoreline to the open oceans. ‘As 
of 2022, the Gulf of Alaska ecosystem 
had yet to fully recover from the effects 
of this major heatwave,’ explains Dr 
Suryan. ‘The community composition, 
or proportion of species that make up 

the ecosystem, are distinct from what 
we observed prior to the heatwave.’

His team also showed how these 
ecosystem changes still affect Alaskan 
communities that depend on fisheries 
and nature-based tourism. Their 
research points to the importance 
of extensive monitoring to better 
understand and prepare for the long-
term effects of climate change on 
sensitive ecosystems.

EXPLORING THE IMPACTS 
OF AN INTENSE HEATWAVE 
ON ALASKAN MARINE 
ECOSYSTEMS 
Between 2014 and 2016, the Gulf of Alaska experienced a prolonged 
and intense heatwave. The hot temperatures disrupted species 
interactions and stressed the Gulf of Alaska ecosystem past its 
tipping point. New research led by Dr Robert Suryan at the NOAA 
Alaska Fisheries Science Center suggests that this event may have 
left a long-standing mark on the Gulf of Alaska. Dr Suryan and his 
colleagues quantified the effects of the heatwave on all aspects of 
marine ecosystems. Their work highlights the importance of long-
term ecosystem monitoring in tracking, predicting, and preparing 
for a changing climate.

WWW.SCIENTIA.GLOBAL



Dr Suryan and his team assessed nine ecosystem components 
that spanned the food web in the Gulf of Alaska. Specifically, 
they analysed 187 datasets that contained measurements of 
the abundance of primary producers, such as phytoplankton 
and zooplankton, shallow-water species including mussels and 
sea stars, fish, seabirds, and marine mammals.

With this wealth of long-term monitoring data across Gulf of 
Alaska species and ecosystems, Dr Suryan studied how specific 
species responded, which groups showed long-term effects or 
recovery responses for up to five years after the heatwave, and 
how the ecological community responded as a whole.

Varied Species Responses

To measure species response, Dr Suryan and other scientists 
looked at critical indicators including species abundance, 
size, growth rates, and signs of reproductive success. Many 
species showed prolonged negative responses to the heatwave, 
whereas others showed neutral or positive responses. ‘Some 
species did return to pre-heatwave levels soon after the 
heatwave; however, other species did not,’ says Dr Suryan.

For instance, the abundance of phytoplankton, a key primary 
producer, greatly decreased. Sea-stars, a prominent predator in 
shallow waters near the shore, also declined in abundance. 

Populations of many fish species that form the diets of larger 
predatory species, such as cod and herring, dropped abruptly. 
There were fewer sea lion pups during the heatwave, and 
nesting seabird numbers also declined. Fewer humpback 
whales arrived in feeding grounds – a sustained decline that 
lasted beyond 2018.

On the other hand, the decline of some species helped others 
thrive. Mussel populations actually grew, giving a few coastal 
birds more to eat. Impacts on fisheries were also mixed. 
Declines in cod, herring and certain species of salmon left 
many fisheries struggling with closures and reduced quotas. In 
contrast, sablefish, pollock and other salmon species actually 
thrived during the heatwave. 

Because some areas remained warmer than normal for almost 
five years after the beginning of the heatwave, many species 
were affected by warmer conditions for five years in a row. 
Consequently, some species of algae and whales struggled to 
return to their pre-heatwave levels of abundance.

Community-level Responses 

Species responses to the heatwave led to new ecological 
community patterns within two years of the onset of the 
heatwave. Generally, the Gulf of Alaskan ecosystems differed 
from any community structures that had prevailed for at least 
fourteen years before the heatwave.

To measure community responses, Dr Suryan and his 
colleagues explored metrics that indicated changes in 
the abundance of biological populations, and species’ 
demographics, such as size, growth, and condition. Overall, 
the scientists noted that many different effects combined to 
drastically change relationships between species within the 
marine food web.
 
For example, large-scale declines in fish prey, including sand 
lance and capelin, meant far less food for their predators, 
leading to large-scale declines in the abundance of salmon, 
groundfish, birds, and mammals. Overall, over half of the 187 
datasets showed a long-lasting response to the heatwave.

These community-level impacts coalesced to change the 
abundance and breeding success of various species at all 
levels of the marine food web, leading to different community 
structures. These results highlight the magnitude of the 
heatwave’s impacts, and demonstrate that the Gulf of Alaska 
ecosystem was not resilient enough to prevent large-scale 
community-level shifts.

The Human Dimension

Local communities in the Gulf of Alaska rely on fisheries 
and tourism to remain afloat. Unsurprisingly, fish species 
abundance and ecosystem changes significantly affected 
commercial fisheries and local communities. 

We can think of commercial fisheries as another predator of 
fish. Like other marine predators, these fisheries need to adapt 
to fluctuations in prey abundance. In the case of reduced fish 
abundance, commercial fishery revenue suffers. Although 
fisheries can adjust the price and timing of product delivery, 
these changes can only temporarily buffer the impacts on local 
communities. Unfortunately, the fish species that were most 
negatively affected by the heatwave are also the most valuable, 
representing a substantial portion of total earnings for fishers in 
the region.

A sand lance. CREDIT: Mandy Lindeberg, NOAA Fisheries.

WWW.SCIENTIA.GLOBAL



Similar to commercial fisheries, reductions in whale abundance 
led whale-watching tour operators to travel longer distances 
and concentrate on fewer whales, affecting tourist-dependent 
regions and placing additional stress on local communities and 
resources.

An Uncertain Recovery

In 2018, the Gulf of Alaska ecosystem still appeared distinct 
from its pre-heatwave years. A re-intensification of warming 
through fall 2018 and summer 2019 has meant that most 
species did not have enough time to rebound to pre-heatwave 
levels. This data also means we should be cautious when 
assessing observations that may point to recovery, such as 
increased whale sightings.

Additionally, increases in water temperature due to climate 
change, along with more frequent and intense heatwaves, 
mean that the Gulf of Alaska ecosystem will potentially 
continue changing from its pre-heatwave structure. Ecosystems 
have tipping points, beyond which they can no longer buffer 
disturbances. Climate change has the potential to push 
ecological communities past their upper limits.

Still, ecosystems have proven to be surprisingly resilient. The 
results of Dr Suryan’s study provide a foundation upon which 
he and other scientists can develop hypotheses to better 
understand why and how ecosystems will respond. 

Underlying Mechanisms 

The Gulf of Alaska has been severely affected by the marine 
heatwave, but Dr Suryan’s research shows that not every 
community and species responded similarly. While some 
groups were devastated, others thrived. 

‘Whereas our analyses did not identify mechanisms of 
biological change, our results do provide a foundation on 
which to develop hypotheses and test mechanistic links to 
physical drivers of change,’ his team wrote in one of their recent 
papers.

The next step will be to explore these mechanisms, so that 
we can better predict how the changing climate will shape 
Alaskan ecosystems, in order to plan for and mitigate the most 
damaging effects. 

‘This analysis is a good basis for future studies,’ says Dr Suryan. 
‘What we need to do next is identify the mechanisms that cause 
species abundance fluctuations. For instance, understanding 
what forage fish and zooplankton species do well or poorly as 
water temperatures warm is critical for understanding how the 
marine mammals, seabirds and commercial fish stocks that 
feed on them will fare in this same environment.’

Of course, climate change is just one of many threats that 
Alaska must contend with. Predicting what ecosystems will 
look like in the future, and how the resources we depend on will 
be affected, requires an integrated approach that hinges on the 
continued collection of long-term monitoring data. 

WWW.SCIENTIA.GLOBAL



Meet the researcher
Dr Robert M. Suryan

NOAA, Alaska Fisheries Science Center
Juneau, AK

USA

A well-known marine biologist on an international scale, Dr 
Robert Suryan has been involved in ground-breaking studies 
since pursuing his PhD in Wildlife Science at Oregon State 
University. Before graduating with his PhD in 2006, Dr Suryan 
worked as a biologist for various private and federal agencies, 
including the US Fish and Wildlife Service and several marine 
laboratories. After transitioning to academia, Dr Suryan spent 
17 years at Oregon State University, where he mentored 
undergraduate, graduate, and postdoctoral researchers. In 
2018, he returned to government work, becoming a research 
ecologist and program manager at the National Oceanic and 
Atmospheric Administration’s (NOAA) Alaska Fisheries Science 
Center in Juneau, Alaska. Dr Suryan’s contributions to marine 
science cannot be understated; with 70 peer-reviewed papers 
and dozens of reports, Dr Suryan is a prolific advocate of using 
long-term data to better manage marine ecosystems in the face 
of climate change. 
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