In Earth's largest extinction, land die-offs
began long before ocean turnover
26 March 2020, by Robert Sanders
period of a million years in what is now Siberia,
were the primary cause of the end-Permian
extinction, the lag between the land extinction in the
Southern Hemisphere and the marine extinction in
the Northern Hemisphere suggests different
immediate causes.
"Most people thought that the terrestrial collapse
started at the same time as the marine collapse,
and that it happened at the same time in the
Southern Hemisphere and in the Northern
Hemisphere," said paleobotanist Cindy Looy,
University of California, Berkeley, associate
professor of integrative biology. "The fact that the
big changes were not synchronous in the Northern
and Southern hemispheres has a big effect on
Researchers dated ash deposits from this hill, called a
koppie in South Africa. The lower part of koppie Loskop hypotheses for what caused the extinction. An
exposes strata from before the end-Permian extinction
extinction in the ocean does not, per se, have to
(Palingkloof Member of the Balfour Formation), while the have the same cause or mechanism as an
upper part contains layers deposited after the extinction extinction that happened on land."
(Katberg Formation). Credit: John Geissman

The mass extinction at the end of the Permian
Period 252 million years ago—one of the great
turnovers of life on Earth—appears to have played
out differently and at different times on land and in
the sea, according to newly redated fossils beds
from South Africa and Australia.
New ages for fossilized vertebrates that lived just
after the demise of the fauna that dominated the
late Permian show that the ecosystem changes
began hundreds of thousands of years earlier on
land than in the sea, eventually resulting in the
demise of up to 70% of terrestrial vertebrate
species. The later marine extinction, in which
nearly 95% of ocean species disappeared, may
have occurred over the time span of tens of
thousands of years.

Fossilized leaf of Glossopteris, the most common and
dominant Southern Hemisphere tree before ecosystem
disturbance in the late Permian. Credit: M. Grey, Joggins
UNESCO World Heritage site, Nova Scotia

Though most scientists believe that a series of
volcanic eruptions, occurring in large pulses over a Did loss of ozone layer contribute to extinction?
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Members of Looy's lab have conducted
extinction, an international team of scientists,
experiments on living plants to determine whether a including Looy, conducted uranium-lead dating of
collapse of Earth's protective ozone layer may have zircon crystals in a well-preserved volcanic ash
irradiated and wiped out plant species. Other global deposit from the Karoo Basin. Looy, who is also a
changes—a warming climate, a rise in carbon
curator of paleobotany at the campus's Museum of
dioxide in the atmosphere and an increase in ocean Paleontology and curator of gymnosperms at the
acidification—also occurred around the end of the University and Jepson Herbaria, confirmed that
Permian period and the beginning of the Triassic
sediments from several meters above the dated
and likely contributed.
layer were devoid of Glossopteris pollen, evidence
that these seed ferns, which used to dominate late
On land, the end-Permian extinction of vertebrates Permian Gondwanan floras, became extinct around
is best documented in Gondwana, the southern half that time.
of the supercontinent known as Pangea that
eventually separated into the continents we know At 252.24 million years old, the zircons—microscopic
today as Antarctica, Africa, South America and
silicate crystals that form in rising magma inside
Australia. There, in the South African Karoo Basin, volcanoes and are spewed into the atmosphere
populations of large herbivores, or plant eaters,
during eruptions—are 300,000 years older than
shifted from the Daptocephalus assemblage to the dates obtained for the confirmed Permian-Triassic
Lystrosaurus assemblage. These groups are now (P-T) boundary in China. This means that the
extinct.
sediment layer assumed to contain the P-T
boundary in South Africa was actually at least
300,000 years too old.

Zircon crystals representative of those dated for the new
study. Credit: Sandra Kamo
A fossilized pollen grain produced by a species of
Glossopteris called Protohaploxypinus limpidus. Scale
bar is 1/100 millimeter. Credit: UC Berkeley image by
Cindy Looy

Dates for an ash deposit in Australia, just above the
layers that document the initial plant extinction,
similarly came in almost 400,000 years older than
thought. That work was published in January by
Christopher Fielding and colleagues at the
University of Nebraska in Lincoln.

In the ocean, the extinction is best documented in
the Northern Hemisphere, in particular by Chinese
fossils. The end-Permian extinction is perhaps best "The Karoo Basin is the poster child for the endassociated with the demise of trilobites.
Permian vertebrate turnover, but until recently, it
was not well-dated," Looy said. "Our new zircon
To improve on previous dates for the land
date shows that the base of the Lystrosaurus zone
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predates the marine extinction with several hundred and, possibly, the early Triassic."
thousand years, similar to the pattern in Australia.
This means that both the floral and faunal turnover Looy and colleagues published their findings March
in Gondwana is out of sync with the Northern
19 in the open access journal Nature
Hemisphere marine biotic crisis.
Communications.
"For some years now, we have known that—in
contrast to the marine mass extinction—the pulses
of disturbance of life on land continued deep into
the Triassic Period. But that the start of the
terrestrial turnover happened so long before the
marine extinction was a surprise."

More information: Robert A. Gastaldo et al. The
base of the Lystrosaurus Assemblage Zone, Karoo
Basin, predates the end-Permian marine extinction,
Nature Communications (2020). DOI:
10.1038/s41467-020-15243-7
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Robert Gastaldo of Colby College holds a skull of
Lystrosaurus maccagi, a common Late Permian synapsid
tetrapod in the Karoo Basin, South Africa. The specimen
is in the collection of the Albany Museum, Grahamstown,
South Africa. Credit: R.A. Gastaldo

In their paper, Looy and an international team of
colleagues concluded "that greater consideration
should be given to a more gradual, complex, and
nuanced transition of terrestrial ecosystems during
the Changhsingian (the last part of the Permian)
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