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As forests evolve in the face of climate crisis, some surprising methods are being used to track how
species migrate
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A ngelica Patterson is on the lookout, shotgun in hand, as she hikes through New York
state’s Black Rock Forest. She focuses on her target high up in the canopy, then
bang – a branch falls to the ground. “I can’t climb trees, building scaffolding is
expensive, and using a slingshot requires a lot of skill,” she says. “A shotgun is an
efficient, cheap and effective way to collect the high-up leaves that have full

exposure to the sun.”

Patterson puts the northern red oak branch into a bucket of water, cutting the submerged stem
to ensure that its leaves continue to function, before walking back to her laboratory in the
forest.

Here she studies how trees adapt and move in response to increasing average air temperatures.
“When I first started learning about how plant communities change through time, I’d never
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associated trees with migration because they’re sessile and don’t move like four-legged
creatures or fly like insects. So it’s eye-opening to realise that tree communities shift their
ranges to migrate to places where they can thrive,” says Patterson, 39, a PhD student at
Columbia University’s department of earth and environmental science.

“It’s as simple as seed dispersal. But just because a seed from a tree can move to a place
doesn’t mean it will successfully grow or reproduce. Other factors come into play in order to
establish a thriving population.”

Black Rock Forest is unusual because extensive data collected since the 1930s shows exactly
how tree distribution has changed there. “Over the past 90 years, there’s been a shift in forest
composition. Three species have left the region or become locally extinct and 11 have migrated
in naturally from the south or been introduced anthropogenically,” Patterson says. “I wanted
to find out what mechanism drives this shift and how that affects the ability of our forest to
become a source rather than a sink of carbon dioxide, therefore perpetuating climate change.”

The forests in the north-eastern US are one of the world’s fastest growing carbon stores on land
as timber harvesting, large-scale agriculture and fire disturbance have declined. But a shifting
forest composition could have a drastic impact on this region’s carbon storage capacity – if the
forest’s carbon balance is disrupted, more carbon could be released into the atmosphere.

“Northern red oaks are so important to this region, they influence soil health, water quality,
nutrients. When you start to lose large populations of trees, that complex forest ecosystem can
break down,” says Patterson.

“If an invasive tree comes into play, you’ll start to have a monoculture and lose that
biodiversity; then the whole system just isn’t healthy.”

Patterson, who also works as an educator, admits she has never really been a city person. She
grew up immersed in nature – and trees – in the rural town of Lackawaxen, Pennsylvania, and
thrives in the multisensory experience of a forest. “I love the calm, the peace, the intrigue; I
can go for a walk and find a plant I’ve never seen before or hear a new bird call, or discover a
weird fungus. This forest is an amazing space to be,” says Patterson, who lives just 20 minutes
away. “This place allows me to calm my mind but also stimulate it at the same time. I’ve never
found another environment that does that.”

Angelica Patterson at Mineral Springs, New York state. She studies
how trees adapt and move in response to increasing average air
temperatures.
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Over the past eight years she has studied how hundreds of leaves from 22 species function
differently to investigate how environments that are extreme to certain species can influence
the physiology of the tree. “I liken it to working out which tree has the engine of a Toyota and
which has the engine of a Ferrari – the oaks are not Ferraris. However, they are extremely
resilient and there’s a reason they’ve been dominant here for centuries,” says Patterson, who
explains the survival strategy of the northern red oak, which makes up 70% of this forest.
“These oaks can live up to 350 years so they’re long-lived, they produce dominant seeds
[acorns] and tolerate high-stress conditions.”

In the past, Black Rock Forest has been subject to fires but the oaks’ acorns can survive
underground until conditions improve. However, now there are more settlements locally, fires
are suppressed so these oaks must compete with fire-sensitive trees that would not have
survived previously. More frequent tropical storms and heavy winds also threaten mature oak
trees, a disease called oak blight is spreading into this region and deer browsing affects oak
regeneration, potentially allowing other migrant trees to more easily fill this niche.

Kevin Griffin, professor in plant physiology at Columbia University, is Patterson’s PhD
supervisor. He explains why Black Rock Forest is such a significant place to study tree
migration. “There’s a huge mix of species here because tree species that typically have a
southern or northern range all seem to crash together right in the Hudson valley,” he says. “At
the end of the last ice age 14,000 years ago, glaciers receded from the Hudson valley and now
after ecological succession we’re looking at this beautiful oak deciduous forest, but that’s just a
snapshot in time.”

A plant or animal’s range – the geographical area in which a species can be found – is in
constant flux. Ranges naturally shift, expand and contract over time, but it is the current speed
of change that concerns scientists like Patterson and Griffin. “If the rate of change [in ranges] is
greatly accelerated from human activities, then how does the ecology keep up with that?” asks
Griffin.

For trees that grow and reproduce incredibly slowly, migration is a huge challenge. As Griffin
puts it, “trees don’t have legs, seeds travel short distances and lots of things eat those seeds,
plus trees need pollinators and the right soil for germination, so the ecology is fascinating but
not obvious”. Crucially, there’s a mismatch between the speed at which ranges shift and the
speed at which trees can respond and migrate.

Griffin and Patterson are investigating how shifting ranges affect the physiology or inner
workings of these trees: “We’re trying to build a clearer picture of how the trees are currently
surviving, how competitive they are and at what rate they may or may not be able to keep up
with this shift in climatic conditions,” says Griffin, who says that temperature is one of the key
drivers for shifting ranges.



According to the US Forest Service Northern Research Station, more than 70% of saplings from
northern tree species in the eastern US are showing a northwards migration. But temperature
certainly isn’t the only variable. In 2017, forest ecologist Songlin Fei at Indiana’s Purdue
University found more species moving west than north in eastern areas, possibly due to
changes in precipitation or rainfall rather than changes in temperature. Total annual rainfall in
central US had increased by more than 150mm and declined significantly in the south-east.

In order to compare metabolic activity inside every leaf she collects, Patterson clamps each
one into the chamber of a photosynthesis machine. “I set the relative humidity, light, carbon
dioxide levels and temperature to mimic the local conditions in the forest, or to recreate the
southern range limit conditions, then allow each leaf to acclimatise and become happy. This
encourages the stomas [pores] to open so that gas exchange can flow freely,” she says.
Patterson measures the rates of respiration and photosynthesis in mature trees.

Griffin likens this to a bank account: “You have what you make and what you spend; tree
growth is what’s left over. So we study both photosynthesis – how carbon gets into the tree –
and respiration – how carbon leaves the tree – to see if we can understand why some plants
appear more or less successful.”

In Black Rock Forest, the northern red oak is central to its range. But other broad-leaved and
conifer trees found here might be living at the southern limit of their region (these northern-
ranged trees include paper birch and red pine), or at the northern limit of their region
(southern-ranged trees such as American sycamore and Atlantic white cedar). Patterson’s
initial results show that there are significant differences in the physiological capacities
between northern-, central- and southern-ranged trees in Black Rock Forest.

“The patterns we find suggest that resident or centrally ranged trees, such as northern red oak,
are physiologically disadvantaged when compared [with] the northern- and southern-ranged
trees,” she says.

But the trees may have been able to adapt to current climate conditions. “Within the next 50-
100 years, high carbon emission scenarios predict that temperatures could feel as warm as
Georgia’s. So the oak’s ability to continue to physiologically acclimate to a warming climate
and persist among disturbance regimes such as deer browsing or ice storms will [influence] the
health and survival of the oak population and the carbon storage potential of this region’s
forests,” Patterson says.

There’s also scope for this data to be incorporated into climate models so it might help predict
future atmospheric carbon dioxide levels and evaluate which of the north-east US tree species
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may be better able to tolerate warmer climates over coming decades.

The best approach to surviving a warming climate, according to researchers, could be to
maintain “connective corridors” to allow trees to naturally migrate to new areas in a changing
future and not be stopped by artificial boundaries such as cities, lakes or farmland.

Further research by the University of Tennessee indicates that underground “soil highways”
could also be important, with certain combinations of fungi and bacteria microbiomes
encouraging heat-sensitive trees to migrate to higher elevations where they can thrive.

Ultimately, tree migration is incredibly complex. But Patterson’s work represents a valuable
benchmark. Having recorded GPS coordinates for every leaf studied, researchers could take
further measurements to assess how tree function changes over time.

“This is just a small snapshot of what’s happening with certain trees,” she says. “But it gives
insight into which species will tolerate particular environments and that could help forest
management now and in the future.”

Find more age of extinction coverage here, and follow biodiversity reporters Phoebe Weston and
Patrick Greenfield on Twitter for all the latest news and features

48 days to save the Earth …
… we’re all in. Are you? On November 4, a day after the presidential election, the US will
formally withdraw from the Paris agreement on constraining global heating. It’s urgent that we
tell the world what this means, and the Guardian is pulling out all the stops to do so. Will you
help us by supporting our journalism?

Millions are flocking to the Guardian every day. Financial support from our readers is crucial in
enabling us to produce open, fearless, independent reporting that addresses the climate
emergency. It helps sustain the freedom we have to present the facts comprehensively, explain
the details as they unfold, and interrogate the decisions made.

The Guardian recognises the climate emergency as the defining issue of our times. That’s why
we have pledged to give climate change, wildlife extinction and pollution the sustained
attention and prominence they demand, as a core part of our journalism.

Angelica Patterson uses a photosynthesis machine to measure the
rates of respiration and photosynthesis in mature trees.
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At this pivotal moment for our planet, our independence enables us to always inform readers
about threats, consequences and solutions based on scientific fact, not political prejudice or
business interests. This makes us different. And we are equally determined to practice what we
preach: we have divested from the oil and gas sectors, renounced fossil fuel advertising and
committed to achieving carbon neutrality by 2030.

We believe everyone deserves access to information that is fact-checked, and analysis that has
authority and integrity. That’s why, unlike many others, we made a choice: to keep Guardian
reporting open for all, regardless of where they live or what they can afford to pay. Our work
would not be possible without our readers, who now support our work from 180 countries
around the world.

Every reader contribution, however big or small, is so valuable for our future. Support the
Guardian from as little as $1 – and it only takes a minute. Thank you.
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