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Nature’s Solution
TO CLINESSSEST"H A NGE

A strateqy to protect whales can limit greenhouse gases and global warming
Ralph Chami, Thomas Cosimano, Connel Fullenkamp, and Sena Oztosun
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The Whale Pump: Marine Mammals Enhance Primary
Productivity in a Coastal Basin

Joe Roman'*, James J. I'.‘I:c(’."r:trthy2

1 Gund Institute for Ecological Economics, University of Vermont, Burlington, Vermont, United States of America, 2 Museum of Comparative Zoology, Harvard University,
Cambridge, Massachusetts, United States of America

Abstract

It is well known that microbes, zooplankton, and fish are important sources of recycled nitrogen in coastal waters, yet
marine mammals have largely been ignored or dismissed in this cycle. Using field measurements and population data, we
find that marine mammals can enhance primary productivity in their feeding areas by concentrating nitrogen near the
surface through the release of flocculent fecal plumes. Whales and seals may be responsible for replenishing 2.3 x10% metric
tons of N per year in the Gulf of Maine’s euphotic zone, more than the input of all rivers combined. This upward “whale
pump” played a much larger role before commercial harvest, when marine mammal recycling of nitrogen was likely more
than three times atmospheric N input. Even with reduced populations, marine mammals provide an important ecosystem
service by sustaining productivity in regions where they occur in high densities.
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Migrating baleen whales transport high-
latitude nutrients to tropical and subtropical
ecosystems

Received: 3 June 2023 Joe Roman®' , Andrew J. Abraham?, Jeremy J. Kiszka @ 3, Daniel P. Costa®?,
Christopher E. Doughty @ 5, Ari Friedlaender @ 4, Luis A. Hiickstadt®65,
ACcaIE Dl 20 Milton Marcondes ® 7, Emma Wetsel® & Andrew J. Pershing®

Published online: 10 March 2025

¥ Check for updates Baleen whales migrate from productive high-latitude feeding grounds to
usually oligotrophic tropical and subtropical reproductive winter grounds,
translocating limiting nutrients across ecosystem boundaries in their bodies.
Here, we estimate the latitudinal movement of nutrients through carcasses,
placentas, and urea for four species of baleen whales that exhibit clear annual
migration, relying on spatial data from publicly available databases, present
and past populations, and measurements of protein catabolism and other
sources of nitrogen from baleen whales and other marine mammals. Migrating
gray, humpback, and North Atlantic and southern right whales convey an
34 to! 1 as: to winter grounds, a
flux also known as the great whale conveyor belt”; these numbers might have
beer] three times higher before commercial whaling. We discuss how species
recovery might help restore nutrient movement by whales in global oceans
and increase the resilience and adaptative capacity of recipient ecosystems.
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Whales in the carbon cycle: can recovery
remove carbon dioxide?

Heidi C. Pearson @, ' *® Matthew S. Savaca, *® Danial P. Costa,” Michael W. Lomas, *
Renato Molina,® Andrew J. Pershing, *® Craig R. Smith,” Juan Carlos Vilasefor-Derbez, >®
Stephen R. Wing,® and Joe Roman '

’ frontiers | Frontiers in Marine Science

Do whales really increase
the oceanic removal of
atmospheric carbon?

Jan-Olaf Meynecke"***, Saumik Samanta®, Jasper de Bie'***,
Elisa Seyboth®, Subhra Prakash Dey”®, Giles Fearon”®,
Marcello Vichi™®, Ken Findlay®, Alakendra Roychoudhury®

and Brendan Mackey'?

‘Whales & Climate Research Program, Griffith University, Gold Coast, QLD, Australia. *Griffith Climate
Change Response Program, Griffith University, Gold Coast, QLD, Australia, *“Coastal and Marine
Research Centre, Griffith University, Gold Coast. QLD, Australia, “Cities Research Institute, Griffith
Ureversity, Gold Coast, QLD, Australia. *Department of Earth Sciences, Stellenbosch Univarsity,
Stellenbosch, South Africa, *Mammal Research Institute Whale Unit, Department of Zoology and
Entomology. University of Pretoria, Hermanus, South Africa, Marine and Antarctic Research Centre
for Innovation and Sustainability (MARIS), University of Cape Town, Cape Town, South Afnca,
*Department of Oceanography, University of Cape Town, Cape Town, South Africa
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Composition of cetacean communities
worldwide shapes their contribution to
ocean nutrient cycling

Received: 16 February 2023

Accepted: 7 September 2023

Published online: 19 September 2023

Lola Gilbert ® 2, Tiphaine Jeanniard-du-Dot', Matthieu Authier?,
Tiphaine Chouvelon ® >3 & Jéréme Spitz® 2

¥ Check for updates

Defecation by large whales is known to fertilise oceans with nutrients, stimu-
lating phytoplankton and ecosystem productivity. However, our current
understanding of these processes is limited to a few species, nutrients and
ecosystems. Here, we investigate the role of cetacean communities in the
worldwide biological cycling of two major nutrients and six trace nutrients. We
show that cetaceans release more nutrients in mesotrophic to eutrophic
temperate waters than in oligotrophic tropical waters, mirroring patterns of
ecosystem productivity. The released nutrient cocktails also vary geo-
graphically, driven by the composition of cetacean communities. The roles of
small cetaceans, deep diving cetaceans and baleen whales differ quantitatively
and functionally, with contributions of small cetaceans and deep divers
exceeding those of large whales in some areas. The functional diversity of
cetacean communities expands beyond their role as top predators to include
their role as active nutrient vectors, which might be equally important to local
ecosystem dynamics.
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