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Study: Climate change will impact the diets of small fish,
which may exacerbate declines in fish biomass

The diet quality of fish across large parts of the world’s oceans could decline by up to 10 percent as
climate change impacts an integral part of marine food chains, a major study has found.

The study, which was published in Nature Climate Change (https://doi.org/10.1038/s41558-023-
01630-7) and included researchers from the University of Queensland, University of Tasmania,
University of New South Wales and Commonwealth Scientific and Industrial Research Organisation
(CSIRO), modeled the impact of climate change on zooplankton — an abundant and extremely diverse
group of microscopic animals accounting for about 40 percent of the world’s marine biomass.

“Our model results indicate the shift to more gelatinous diets for small fish could become more
common in the future under ocean warming,” said Dr. Ryan Heneghan, the study’s lead researcher.

Zooplankton are the primary link between phytoplankton — which convert sunlight and nutrients into
energy like plants do on land — and fish. Zooplankton include groups such as Antarctic krill
(https://www.globalseafood.org/advocate/will-krill-fulfill-its-promise-as-an-aquaculture-feed-
ingredient/) — a major food source for whales — and even jellyfish. The research team used a global
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Australian researchers modeled the impact of climate change on zooplankton, which represents about
40 percent of the world’s marine biomass. Photo by Uribe-Palomino, IMOS-CSIRO.

marine ecosystem model to look at the impact of climate change on the major zooplankton groups:
from single-cell zooplankton to Antarctic krill to jellyfish.
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“We used the model to project changes in the zooplankton community in response to climate change,
and then assess how these changes could affect the diet quality of small fish — the primary predators
of zooplankton beyond the zooplankton themselves,” said Heneghan. “We found future climate change
drives shifts in the composition of zooplankton communities across most of the world’s oceans. These
changes were mostly caused by decreases in the size of phytoplankton under climate change.”

The researchers found future zooplankton communities will be increasingly dominated by carnivorous
groups, such as chaetognaths, and gelatinous groups (such as salps and larvaceans) at the expense of
small crustacean omnivores, such as krill and copepods.
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“In the oceans, energy is transferred from microscopic plankton up to fish and whales by size-based
predation — big things eating small things,” said Heneghan.

Like blue whales, which eat krill, gelatinous salps and larvaceans eat prey millions of times smaller
than themselves. That means unlike other larger zooplankton eaten by fish, they can directly access
smaller phytoplankton for food. As a result, salps and larvaceans provide an effective shortcut for the
transfer of energy from increasingly dominant small phytoplankton to fish.

“This shortcut partially offsets the increase in the number of steps from phytoplankton to fish from
shrinking phytoplankton and increases in carnivorous zooplankton,” Heneghan said. “But it comes at a
cost: These groups are gelatinous, having about 5 percent of the carbon contained in omnivorous
zooplankton such as krill and copepods. In terms of nutrition, this would be like replacing a rib-eye
steak with a bowl of jelly.”

As a result, the model projects that the diet quality of small fish could decline across large areas of the
world’s oceans, which would exacerbate declines in fish biomass from climate change by up to 10
percent.

Heneghan said shifts to more gelatinous fish diets had already been observed during a recent marine
heatwave (https://www.globalseafood.org/advocate/increasingly-frequent-and-costly-marine-
heatwaves-are-testing-the-resilience-of-fisheries-and-aquaculture/). in the North Pacific, commonly
called “the Blob."

“The higher temperatures drove declines in phytoplankton production, which in turn drove decreases in
the prevalence of carbon-dense krill, which were replaced by gelatinous zooplankton,” he said. “As a
result, small fish in the region shifted to more gelatinous diets, which drove declines in their weight and
abundance.”

Read the full study here (https:/www.nature.com/articles/s41558-023-01630-7).
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