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What would you do if temperatures were getting really warm where

you live? Youmight put on some lighter clothes or maybe evenmove

to a cooler place. Many plants do something similar—they “move” to

cooler areas to survive current climate warming. Of course, plants

cannot move like animals do, but they can slowly change locations

as they release their seeds. How do we know that plants are moving?

Scientists are studying areas that were first described hundreds of

years ago. However, ecologists have found that even though plants

respond towarming by changing locations, the temperature increase

is so fast that plants cannot always move fast enough to escape

the warming climate. This means that some plants might end up

living under much warmer conditions than they prefer, which causes

them a lot of stress. Stress makes plants vulnerable to other human

influences, like land use change or invasive species, which can put

entire plant species in danger.
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CLIMATE CHANGE’S IMPACT ON PLANTS

DISTRIBUTION

The distribution of plant species on Earth is closely associated with
DISTRIBUTION

The geographic area in
which a species can
be found.

aspects of the climate, such as the temperature or how much rain
falls during the year. Plant species are adapted to the particular climate
conditions inwhich they can best survive and reproduce [1]. As a result,
the Earth has many unique ecosystems, such as forests, savannahs, or
deserts, where specific plant species are adapted to a certain range of
temperatures and rainfall. Some plants prefer cooler conditions, while
others prefer the rainforest or the desert. How will climate change
impact the distribution of plants around the world?

Earth’s climate has changed over the planet’s long history, but current
climate change is di�erent. Humans are now causing the planet to
warm up, and this is happening much faster than in the past. The
average global temperature has increased 0.85◦C since 1880, and
most of this change has happened in the last 30 years.

What would you do if it got too warm where you were living? You
might put on some lighter clothes or possibly even move to a cooler
place. Changing clothes is not an option for plants, so they are
left with moving to a cooler place if they want to escape warming
conditions. Let us go on an excursion to the mountaintops, to explore
the alpine ecosystem. Here, we will find plant species adapted to

ALPINE

Alpine is a type of
ecosystem found in
mountainous regions,
characterized by cold
and snowy climates,
high elevation, and
rugged terrain. It is
home to a variety of
unique and specialized
plant and animal
species that have
adapted to survive in
the harsh conditions.

freezing, snowy, and windy conditions. What can these plants do as
the climate warms?

HOWDOWE KNOW THAT PLANTS ARE SHIFTING THEIR

DISTRIBUTIONS?

Plants have a major limitation when it comes to moving to cooler
environments: they are sessile organisms, which means they cannot

SESSILE

Unable to move (like
many animals can)
from the place they
are growing.

move from place to place like animals that can walk or swim. Instead,
plants have developed unique ways of dispersing their seeds into the
environment. This dispersal is mostly passive, meaning that seeds are
transported away from the mother plant by animals, wind, or water.
Most of thismovement occurs over relatively short distances, like a few
hundred meters. Long-distance dispersal of seeds over kilometers, or
even tens or hundreds of kilometers, can also happen but it is rare, and
it may take many years for such long-distance dispersal to occur. This
slow way of “moving” is one way that plants can respond to climate
change. Because this process is so slow, we must observe plants over
decades or even longer to actually see changes in their distributions
in response to climate change.

Ecologists study changes in plant distribution by going to di�erent

ECOLOGIST

A scientist who studies
the relationships
between living things
and their environments.

ecosystems again and again over many years, and identifying all the
plant species they see. They also measure the climate conditions to
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assess how much the climate has changed. To ensure they always
go back to the same area each year, they create what are called
permanent vegetation plots—small pieces of land marked o� so they

PERMANENT

VEGETATION PLOT

A permanently marked
area where all plant
species are recorded
and measured. The size
can vary depending on
the type of vegetation.

can be identified (Figure 1). By examining the same plots year after
year, ecologists can see which species disappear and which become
more common. For some ecosystems, these studies have been done
since 1920s [2]. Unfortunately, this kind of study costs a lot of money
and takes many years, which is why we do not have much information
about how current climate change threatens plants.

Figure 1

Figure 1

(A) A permanent
vegetation plot in a
field. (B, C) Permanent
vegetation plots
containing di�erent
types of vegetation, in
mountain areas in
Norway. Red sticks are
used to mark the
corners of the plots
permanently, and to
make them visible and
easy to find each year
(Photograph credits:
Sophie Weides and
Rosa Kramp).

Another way to study changes in the distribution of plants is to visit
vegetation plots made by botanists many years ago. Unfortunately,

BOTANIST

A scientist who
studies plants.

we do not know exactly where these plots are located because the
botanists did not mark them! Botanists of the past did not consider
that such plots would be very valuable for understanding how plants
and ecosystems respond to climate change in the future—because
they were not yet aware of how the climate would change. Ecologists
must look thoroughly at old books left by these botanists because
some botanists added very careful descriptions of how to find the
areas they studied. It is like following a map on a treasure hunt! With
these old books and sometimes with the help of old maps, ecologists
can go back to these historical places, to see which plant species are
there now.

For example, in the 18th century, an adventurer called Alexander von
Humboldt and his crew went on a very long expedition through the
mountains of Central and South America. This trip took them 38
months! Their aim was to describe the plant species in the region,
because they were the first botanists to visit. Humboldt found many
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plant species that had never been identified before. They wrote down
the information on where the plants were found, and luckily those
books still exist today. In 2012, by following von Humboldt’s footsteps,
a group of ecologists went to the same mountains and visited the
same places as von Humboldt did. This group compared their species
list with the list that von Humboldt made. They found that, today,
plants are living at higher elevations than they used to 200 years ago
(Figure 2) [3]. This means that plants are moving higher up into the
mountains. The same trend has also been found in Europe and North
America [4].

Figure 2

Figure 2

The vegetation zones
of the Andes
mountains. The left side
shows the first edition
of Alexander von
Humboldt’s drawing,
based on his studies in
the 18th century [6].
The right side shows a
representation of the
same vegetation zones
in 2012. Notice how
plants have moved to
higher elevations on
the mountain as the
climate has warmed
(Original Source here).

The scientific literature contains a lot of information on where various
plant species are found. Just like von Humboldt did 200 years ago,
botanists today also describe where plants are. Information about
millions of vegetation plots can be found in scientific publications
[2]. In Europe alone, there is information on more than 4.3 million
vegetation plots [5]. Together, all this information helps ecologists
understand how plants respond to climate change.

PLANTS ARE FINDING NEW PLACES TO PUT DOWN

ROOTS

The information from permanent and historical plots tells us that
climate change is causing plant species to change their distributions.
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We see that many plants are trying to escape the warming
areas by moving toward the north and south poles, and also by
moving higher up toward mountain tops [4]. This is because lower
latitudes (closer to the tropics) and lower elevations usually have
warmer temperatures.

A telling example was provided by a group of European ecologists
who visited European mountain tops that had been studied by
botanists a 100 years ago. The European ecologists discovered that
almost all the mountain tops visited had many more species today
than they did before climate warming started. They also found
a larger increase in number of species on mountains where the
temperature had increased the most (Figure 3A) [7]. This indicates
that the changes in plant distribution that we observe are caused by
climate warming.

Figure 3

Figure 3

(A) Examples of plant
species found on the
Norwegian mountain
tops when historical
plots were restudied
[7]. From left to right:
polar willow, Svalbard
poppy, tufted saxifrage,
apetalous catchfly, and
arctic hairy lousewort.
(B) Warm areas are
shown in red and cold
areas in green. Arrows
show the distance the
species can disperse.
Thick black lines show
the climatic lag—the
mismatch between the
temperature to which
the plants are adapted
(Past) and the new
temperatures due to
climate change
(Present). Line size
indicates the distances
plants must migrate to
stay within their
preferred temperatures. This tells us that plants that prefer warm temperatures can now move

to regions that were previously too cold for them [8]. This all sounds
good…but considering that there is notmuch space onmountain tops,
and we are seeing more and more plant species moving upwards,
species might be running out of space! We are not completely
sure what will happen, as we have not witnessed anything like this
before—but it is likely that some of today’s plant species that only live
in high mountain areas will disappear in the future because they will
have nowhere to go when the climate warms further (Figure 3B).
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CLIMATE CHANGE IS PUTTING PLANTS IN A TOUGH

SPOT

Ecologists have observed that even though plants can respond to
climate warming by changing their distributions, the temperature
increase is often too fast for the plants to keep up. This could mean
that plants will not have enough time to disperse before temperatures
get too warm for them. This is called climatic lag, and it causes plants

CLIMATIC LAG

A mismatch between
the observed speed of
climate change and the
slower speed at which
species are responding
to climate change.

to live in places where the temperature is not the best for their survival
and reproduction (Figure 3B) [8]. Imagine if you could not adjust the
heater in your room during the summer, and you could not open any
windows or doors!

There may be several reasons for the climatic lags we observe in plant
responses. First, plant species must disperse long distances to reach
the areas where they prefer to live, and this is often a big challenge for
sessile organisms [8]. Second, even if plants can successfully move to
the climates they are more comfortable in, there might be additional
challenges in the new area, including other environmental conditions
that make it di�cult for the plants to grow. For example, sometimes
there is not enough water, or the soil does not have the nutrients
that the plants need [8]. Another problem is the amount of available
space. Humans have destroyed many natural areas to use them for
agriculture, factories and businesses, as well as cities. Because some
plants cannot grow in such areas, they may need to disperse even
further to find an ideal place to survive.

One of the biggest problems caused by climatic lag is that many
plants might be living in temperatures that are extremely close
to the maximum they can tolerate. When temperatures in these
regions become too warm, many plants may not survive. At this
point, we still do not know how many species are living in such
precarious conditions.

CONCLUSIONS

Changes in the distribution of plants are happening more frequently
as the climate warms. Ecologists need data that covers a long
time period, to understand how plants have responded to past
global warming events and to predict how they might respond
to future warming. For this reason, ecologists and botanists are
still studying the fundamental processes of plant distribution, to
better understand how vulnerable plants—and entire ecosystems—are
to climate change.

Unfortunately, we cannot help plants face climate change because
there is still much, we do not understand about natural processes. But
we can all take steps to help! First, we should all keep learning as much
as we can about how ecosystems normally function and how climate
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change is a�ecting ecosystems and individual plant species. Second,
we should help to keep natural habitats intact, so that plants and
animals are not threatened by habitat destruction. We can organize
trips to explore national parks and nature reserves near where we live,
or we can participate in nature-focused citizen science initiatives. All
of these activities will increase our awareness and build knowledge
about the distribution of local species so that we can best help plants
survive as the Earth warms.
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YOUNG REVIEWERS

LUCIANA, AGE: 10

I was born inQuito, Ecuador. My city has bigmountains around it and is located in the

belly button of the world. Since I was little, I have loved plants and animals, especially

insects like butterflies, stick insects, cicada and others. I really enjoy collecting bugs

and plants during my trekking trips with my parents and I love making drawings of

them. Also I love the beach and I try to clean it every time I visit. In the future, I hope

to become an animal rescuer.

PARITHI, AGE: 10

I like insects and lizards. I also like to keep on learning about the physics

of ecosystems.
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