
 

Scientists rethink co-evolution of marine life,
oxygenated oceans
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Researchers in the Department of Earth Sciences at Syracuse University
have confirmed that rising oceanic and atmospheric oxygen levels co-
evolved with marine life hundreds of millions of years ago.
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Wanyi Lu, a Ph.D. candidate studying under associate professor Zunli
Lu (no relation) in the College of Arts and Sciences, is the lead author of
a groundbreaking paper in Science magazine.

The paper stems from a multi-year, multinational research effort led by
Zunli Lu that rethinks the causes and impacts of increased oxygenation
on the continental shelves during the current Phanerozoic Eon, which
began more than 542 million years ago.

"Most studies of oxygen history focus on the atmosphere and deep
oceans, with implications on the evolution of life," Zunli Lu says. "We
believe the oceanic oxygen level in the water column above the 
continental shelves [i.e., the upper ocean] may have been a different
beast."

Central to the team's research was a geochemical proxy that Lu
pioneered in 2010. Using a novel approach based on iodine
geochemistry, he and his colleagues measured the ratio of iodine to
calcium in calcium carbonate minerals and fossils.

Timothy Lyons, Distinguished Professor of Biogeochemistry at the
University of California, Riverside (UCR), considers iodine
geochemistry a "powerful tool" for constraining oxygen conditions in
surface-to-near-surface conditions of the ancient ocean. "These are the
waters in which the earliest animals first appeared, evolved and
advanced toward complex ecologies," he says. "The results from this
study reveal previously unimagined environmental dynamics in those
early waters, and those conditions must have impacted animals."

Lu takes the praise in stride, but insists the group's findings are novel.
"The upper ocean became well-oxygenated much later than originally
thought," he says.
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The Syracuse geochemist illustrates his point by describing a thick haze
of methane that originally enveloped the planet, leaving little to no
oxygen in the atmosphere. Photosynthesizing microbes eventually
produced enough chemical energy, causing free oxygen to accumulate in
the atmosphere. "This set the stage for the Great Oxidation Event about
2.3 billion years ago," he says.

With oxygenation came the rise of multicellular life forms over the next
billion years. Among them were eukaryotes, whose genetic information
was stored within a membrane-bound nucleus or nuclei.

The question on everyone's mind, notably Wanyi Lu's, was how and
when the global ocean became oxygenated enough to accommodate
diverse marine life forms, including those alive today.

"Our iodine data is consistent with a major rise in the atmospheric
oxygen level that occurred around 400 million years ago," says Lu,
whose doctoral studies involve low-temperature geochemistry and global
environmental changes. "Nevertheless, upper-ocean oxygen levels did
not stabilize at near-modern conditions until 200 million years ago, when
larger eukaryotic plankton dominated the world's oceans. The timing
makes perfect sense."

To understand such observations in the rock record, one must appreciate
large-scale biogeochemical and oceanographic processes, as well as
atmospheric chemical composition. "We examined the roles of these two
controls in the upper ocean, using a sophisticated Earth System Model
[ESM] with an interesting name: GENIE, which is short for 'Grid-
ENabled Integrated Earth,'" Zunli Lu says.

Andy Ridgwell, professor of Earth Sciences at UCR, developed
GENIE's signature modeling framework, which composes a range of
ESM simulations over various timescales. "The innovative way that the
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Syracuse team combined measurements of ancient rocks with a complex,
mathematical model of the global climate system and carbon cycle was
impressive," he says.

Ridgwell lauds the main conclusion of the team's final analysis—that a
fundamental change in eukaryotes led to greater re-mineralization depth
of organic matter and, ultimately, a "resiliently oxygenated" upper ocean.
"This fits perfectly with our developing understanding of the key
evolutionary steps taken to create the planet we have today," says
Ridgwell, who studies biogeochemical modeling and long-term climate
change.

Lee Kump, dean of the College of Earth and Mineral Sciences at Penn
State, says the group's findings are a potent reminder of how Darwin's
theory of evolution may be only half-right. "Changes in the environment
affect biological evolution, to be sure, but biological innovation can
affect the environment, even at the global scale," says the renowned
paleoclimatologist.

That is not the end of the story, however. Ros Rickaby, professor of
geochemistry at the University of Oxford (U.K.), says the findings also
reinforce the link between oxygenation and marine animal body size. "It
is incredible to think that the increasing success of microscopic
mineralizing plankton out in the ocean, through the change in oxygen
distribution, could have had such far-reaching effects across the Earth
system to boost the average body size of animals," she says. "It reminds
us of the intricate interconnection between every part of the marine
ecosystem."

Adds Zunli Lu: "It is a prime example of the co-evolution of life and the
planet."

  More information: W. Lu el al., "Late inception of a resiliently
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oxygenated upper ocean," Science (2018).
science.sciencemag.org/cgi/doi … 1126/science.aar5372

Provided by Syracuse University

Citation: Scientists rethink co-evolution of marine life, oxygenated oceans (2018, May 31)
retrieved 13 March 2024 from https://phys.org/news/2018-05-scientists-rethink-co-evolution-
marine-life.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

5/5

http://science.sciencemag.org/cgi/doi/10.1126/science.aar5372
https://phys.org/news/2018-05-scientists-rethink-co-evolution-marine-life.html
https://phys.org/news/2018-05-scientists-rethink-co-evolution-marine-life.html
http://www.tcpdf.org

