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Marine heat waves disrupt the ocean food
web in the northeast Pacific Ocean, new

study shows

March 13 2024, by Michelle Klampe

a Year

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

05
e
o
§
&
b= 0.0
w
£
o
& =05
g E
z
-1.0
b pre-MHW MHW
-] ik e}
o a = o o < ° @
. BrEe_q B o° O(i . 2 o FoCC
d o % = =} o & Ou O O v / -
L) S -2 5 H0o a.° o
o o ’_)o o} o OC & o
S 3 O b o] L/ 5 C O o
. © CQ O 00" G ®; @0
=010 e o O— 00— o

WO~ WA=

large phytoplankton
small phytoplankton
micro-zooplankton
large copepods

small copepods

small invertebrate larvae
pteropods

pelagic amphipods
pelagic shrimp

other macro-zooplankton
small jellyfish (net-feeders)
small jellyfish (carnivores)
large jellyfish
pyrosomes

krill (E. pacifica)

krill (T: spinifera)
market squid
cephalopod humboldt
smelt aggregate

shad

sardine

herring

anchovy

saury

coho yearling

Chinook yearling
Chinook subyearling
other juvenile salmon
mesopelagic fishes
planktivorous rockfish
adult coho

adult Chinook

other salmon aggregate
shark aggregate

jack mackerel

Pacific mackerel
piscivorous rockfish
dogfish aggregate

hake

tuna aggregate
sablefish

Consumption matrix difference between pre-MHW and MHW food webs. a Sea
surface temperature anomalies (°C) in the North Pacific from 1950 to 2022.
Inset boxes indicate time period that pre-MHW and MHW ecosystem models are
focused on. b Pre-MHW and MHW network diagrams show the food web
consumption matrix. Trophic linkages (network edges) show rates of biomass
exchange between trophic levels while the size of circles (network nodes)
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represent the absolute biomass densities in the system (on the log scale; see
Supplementary Data 1). ¢ A difference network was calculated as the difference
between the pre-MHW model and the MHW model for both the edge weights
and node biomasses. Node and edge sizes and colors depend on the magnitude
and direction of change, respectively. Red colors indicate an increase from the
pre-MHW food web to the MHW food web, while blue colors indicate a
decrease. The size of the circle corresponds to the magnitude of the change in
biomass (see scale for multiplication factor, note that a factor of 1 means no
change, and thus the circle will not appear) of a given functional group (indicated
by the corresponding number, see Supplementary Data 1). Similarly, the
thickness and color intensity of the lines (network edges) indicate the magnitude
of change in energy flux between food webs. Node locations are identical in all
three networks. The node numbers were omitted from the top two plots for
easier visualization. d A list of functional groups in ecosystem models, with
bolded names selected to highlight those with larger changes between model time
periods. Credit: Nature Communications (2024). DOI:
10.1038/s41467-024-46263-2

Marine heat waves in the northeast Pacific Ocean create ongoing and
complex disruptions of the ocean food web that may benefit some
species but threaten the future of many others, a new study has shown.

The study, just published in the journal Nature Communications, is the
first of its kind to examine the impacts of marine heat waves on the

entire ocean ecosystem in the northern California Current, the span of
waters along the West Coast from Washington to Northern California.

The researchers found that the biggest beneficiary of marine heat waves
is gelatinous zooplankton—predominantly cylindrical-shaped pyrosomes
that explode in numbers following a marine heat wave and shift how
energy moves throughout the food web, said lead author Dylan Gomes,
who worked on the study as a postdoctoral scholar with Oregon State
University's Marine Mammal Institute.

2/5


https://www.nature.com/articles/s41467-024-46263-2
https://phys.org/tags/marine+heat+waves/

PHYS 19X

"If you look at single species interactions, you're likely to miss a lot,"
Gomes said. "The natural effects of a disturbance are not necessarily
going to be straightforward and linear. What this showed us is that these
heat waves impact every predator and prey in the ecosystem through
direct and indirect pathways."

The project was a collaboration by Oregon State University and the
National Oceanic and Atmospheric Administration. Joshua Stewart, an
assistant professor with the Marine Mammal Institute, mentored Gomes
and co-authored the paper.

"What I found both alarming and fascinating is the extent to which these
pyrosomes absorb all of the energy in the system," Stewart said.
"Because nothing else really eats the pyrosomes, they just become this
dead end, and that energy is not available for anyone else in the
ecosystem."

Marine heat waves are periods of prolonged, unusually warm ocean
temperatures. The prevalence and intensity of marine heat waves is
increasing around the globe. While the impacts of these heat waves on
marine species have been well-documented on individual and population
levels, the effects on the entire ecosystem have not been well
understood, Gomes said.

To gain a more holistic view of the impact of marine heat waves, Gomes
updated an end-to-end ecosystem model with new data on marine life
throughout the ocean food web that was collected during local biological
surveys.

He then compared how the food web worked before and after a recent
spate of marine heat waves, including a large, well-documented event in
2013-2014 known as "the blob." Much of the new data used in the model
was collected following that event as researchers tried to better

3/5


https://phys.org/tags/marine+species/

PHYS 19X

understand its impacts.

Some of the impacts were predictive—pyrosomes, for example, are
known to thrive in warmer waters—but the analysis also showed that the
ecosystem functions in ways that are not intuitive, Gomes said.

For example, the modeling showed how the dominance of pyrosomes
drew energy out of the food web. That loss of energy is most likely to
affect fish and marine mammals that are higher up the food chain,
potentially impacting economically important fisheries and recovery
efforts for threatened or endangered species, Stewart said.

Huge influxes of pyrosomes in the waters and on beaches in the Pacific
Northwest in 2017 and 2018 drew widespread public attention. Data
from those events was included in the updated model.

The updated model used in the study could help commercial fisheries
adapt harvest strategies that are impacted when fish commonly found in
one area move to escape the encroaching warm water or their
populations drop due to lack of available food following a marine heat
wave.

Numbers of Pacific jack mackerel, for example, have increased
following marine heat waves, but so far, fisheries have not shifted to
catching them, the researchers noted.

The researchers' methods could also provide a template for future
research to understand the impact of these events elsewhere, Gomes
said.

Additional co-authors of the paper are James Ruzicka of NOAA's
Pacific Islands Fisheries Science Center and Lisa Crozier, David Huff

and Richard Brodeur of NOAA's Northwest Fisheries Science Center.
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Gomes is now with U.S. Geological Survey.

More information: Dylan G. E. Gomes et al, Marine heatwaves
disrupt ecosystem structure and function via altered food webs and
energy flux, Nature Communications (2024). DOI:
10.1038/s41467-024-46263-2
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