
BIODIVERSITY
Published: 08 November 2022
doi: 10.3389/frym.2022.718606

INDICATOR SPECIES REVEAL ENVIRONMENTAL

HEALTH

Sophie Phillips 1*, Martha Merson 2, Nickolay I. Hristov 2, Louise Allen 3 and Robert Brodman 4

1Joseph R. Biden, Jr. School of Public Policy and Administration, University of Delaware, Newark, DE, United States

2TERC, Cambridge, MA, United States

3The Institute for Learning and Teaching, Colorado State University, Fort Collins, CO, United States

4Department of Biology, Buena Vista University, Storm Lake, IA, United States

YOUNG REVIEWERS:

KAMARA

AGE: 15

SALENA

AGE: 15

When looking around outside, many people see reasons to worry

about the environment. Often what they notice are the e�ects of

pollution and climate change, which can be harmful to people,

wildlife, and the ecosystems where they live. Understanding the

condition of all living and non-living things in an ecosystem is

important for maintaining a healthy environment. But collecting

information on every element in an ecosystem takes time and

e�ort and is not always possible. Luckily, the United States National

Park Service scientists know that collecting data on the condition

of one species, called an indicator species, can reveal a lot

about the well-being of other species in an ecosystem. Based on

what they learn from observing and studying indicator species,

park managers can make decisions about restoring plants, using

chemicals, and posting signs about fishing rules. In Indiana Dunes
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National Park (Indiana, United States), researchers rely on frogs as

indicator species.

INDICATOR SPECIES

Have you ever felt sick and used a thermometer to check whether
you have a fever? A fever is an indicator that you are sick and a
thermometer is a tool to help determine how sick you are. In the
outdoors, certain animals and plants, called indicator species, can

INDICATOR SPECIES

An organism that helps
scientists figure out the
health of
the environment.

be used as environmental “thermometers.” Researchers measure and
monitor the health of indicator species to determine whether the
environment where these special animals and plants live is healthy.
Without indicator species, scientists must collect many more samples
and conduct more tests. Tests and samples can cause disturbances in
the environment. Also, when there is more work to do, scientists must
find both the time and money to conduct that work (Figure 1).

Figure 1

Figure 1

Would you rather count
all the animals or just
the frogs? If there are
lots of frogs (the
indicator species), then
birds, fish, and insects
will be present and
likely be healthy, too.
Fewer frogs indicate
that other animals will
also be absent or in
poor health. (Image
Credit: Nickolay
Hristov).

WHAT DO INDICATOR SPECIES TELL US ABOUT THE

ENVIRONMENT?

Indicator species can help researchers understand environmental
conditions in a variety of ways. Here are two examples. To check on
forest habitat quality, researchers look for red cockadedwoodpeckers.
These birds are picky about their nests. If the right combination of trees
is not present, the woodpecker numbers drop. Fewer woodpeckers
suggests it is time to pay attention to the health of the forest.

Common dragonflies living in ponds or wetlands are useful indicator
species because they reveal a lot about pollution. Mercury is a nasty

MERCURY

A heavy metal
contained in
thermometers,
electronics, and
medicines. Mercury can
be toxic in
the environment.
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toxin that a�ects reproduction and brain function in wildlife and
TOXIN

A poison that causes a
disease when present
even at a very low
quantity in the body.

people. Heavy metals like mercury travel on the wind from polluting
factories and settle in ponds and soil. To gather data on mercury,
U.S. national park rangers and students collected dragonflies in their
larval stage1 [1]. Yes, indicator species can be tiny in size. If you have

1 For more
information, see
https://www.

nps.gov/

articles/

dragonfly-

mercury-

project.htm.

LARVAL STAGE

The immature form of
an insect or other
animal that goes
through a
transformation
before adulthood.

ever scooped up water from a pond, you might have seen organisms
smaller than a baby’s fingernail. Some of these organisms are young
dragonflies. Dragonfly larvae eat other insects. Because those insects
once ate plants contaminated with mercury, anything that eats them,
like dragonfly larvae, takes in that toxic metal. The toxic mercury levels
in dragonflies then continue to build up in fish and other wildlife that
eat those insects. Laboratory analysis of hundreds of dragonfly larvae
provided scientists with information about mercury levels in ponds
and wetlands across the nation. As a result, rangers and public health
professionals know which spots should be monitored closely. Using
dragonflies as an indicator species, scientists can track where mercury
is or is not a threat to wildlife, and they can post signs to warn people
about the risks of eating fish from certain areas.

Each indicator species gives researchers valuable clues. An excellent
example is the long-term research on frogs in lands around the
Chicago area (Illinois, United States), which includes Indiana Dunes
National Park (Indiana, United States). Fish, frogs, salamanders, and
dozens of plants—with fun names like duckweed and Pitcher’s
thistle—live there. In and near the park, researchers focus on two
indicator species: green frogs and gray tree frogs. Both make great
indicator species because they are super easy to find. They are noisy,
so researchers knowwhere to look for them. If these species hid all the
time or were rare, they would not make good indicators. They would
be much too hard to find, even in a healthy environment.

Frogs are fascinating because they spend the beginning of their lives in
the water and then they move onto land. When they are babies, they
move in the water like fish, and eat tiny plants called phytoplankton.
When the tadpoles grow legs and move to land, they eat animals like
worms and insects. Frogs are never safe from being eaten. In thewater,
they are a snack for snapping turtles and fish.When frogs are grown up,
raccoons hunt them. The fact that frogs live in and out of water makes
them awesome indicators because they can tell researchers about the
environmental health of both land and water (Figure 2). When these
frogs are abundant, their predators are well-fed and can have more
healthy o�spring too! If frog populations decrease, it is noticeable.
Their predators have a tough time finding food and some of the flies
and moths that frogs usually eat can increase in numbers and become
even more of a problem for humans.

Another reason frogs make great indicator species is the fact that they
have thin, moist skin that breathes. Their skin’s unique structure lets
water enter their bodies. Frogs are super sensitive. When in contact
with polluted water, they will absorb harmful substances that are
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Figure 2

Figure 2

Frogs make great
indicator species
because they live both
on land and in the
water. From birth to 12
weeks old, they can
only live in the water.
After 12 weeks, they
can hop out of the
water and enjoy living
life on land and in the
water. (Image Credit:
Nickolay Hristov).

present in the ecosystem, such as pesticides, fertilizers, medicines,
PESTICIDES

Substances used on
plants to kill insects or
other organisms
harmful to the plant.
Pesticides can have
undesirable or
unanticipated side
e�ects on other plants
and animals.

and toxic chemicals used in manufacturing. Conducting studies to
measure pollutants in water is expensive and time consuming. So
instead, researchers monitor the presence and health of frogs to
determine if pollutants are a problem.

Researchers who are curious about the health of Indiana Dunes
National Park study gray and green frogs to understand if the wetlands
are healthy places for wildlife to eat and breed (Figure 3). Scientists do
an annual count of the frogs. If the number of frogs is roughly the same
from year to year, then the environment is stable. If the frog population
numbers get smaller from one year to the next, then researchers
discuss possible actions to make conditions more favorable for frogs.
A decline in the population of these two frog species indicates that the
health of other species living in the same habitat might be at risk.

HOWDO RESEARCHERS LOOK FOR INDICATOR

SPECIES?

Scientists use three of the five senses to study indicator species:
hearing, sight, and touch. The first thing scientists do to check the
health of the wetlands of Indiana Dunes National Park is to listen for
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Figure 3

Figure 3

Scientists look to frogs
to indicate whether the
environment is sick. If
frogs are not doing
well, then scientists can
tell the environment is
not doing well either.
(Image Credit: Chris
Tullar).

the sounds of gray tree frogs and green frogs. Once they hear their
songs, they begin to locate the frogs by sight. They are looking for the
bright, light green of the green frog and the striped gray of the gray
tree frog. They look under dried leaves and next to tree roots to find
them. The scientists catch the frogs using nets and quickly pick them
up before they hop away.

We know frogs are very sensitive to chemicals. When researchers
pick up frogs, they look for signs of chemical injury on each frog’s
skin. But researchers also look for clues that the frogs have absorbed
chemicals through their skin. Often, pesticides run o� from farms and
surrounding land, ending up in the water. One pesticide, Atrazine, is
used to kill weeds in corn fields. Increased Atrazine use causes more
water contamination, which results in greater harm to frogs. Once
pesticides are present in the water, frogs’ biological traits can get
messed up. Pesticides like Atrazine and chemicals like DDT disrupt
the sexual development of frogs [2]. For example, male frogs will
develop both male and female sex organs. Researchers have also
noticed that male frogs exposed to chemicals have smaller vocal
cords. Frogs with smaller vocal cords have a hard time making sounds
to attract mates. If they cannot attract mates, they cannot reproduce.
If researchers see a frog with strange organs, they suspect frogs in the
area have been exposed to chemicals through their skin. Therefore,
other species in the environment are likely su�ering from unhealthy
water, too. These are big problems for frogs and for the animals that
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eat them. If frogs cannot mate, the number of frogs declines. Frogs
must reproduce to keep their species alive. Without indicator species
like frogs, researchers would have a much harder time finding out
what is happening in the environment, and many more animals would
su�er.

CONCLUSION

Indicator species are storytellers that researchers often rely on to
determine the health of the environment. These important species
save researchers time and money, draw attention to environmental
problems, and provide managers with important information so they
can start nursing the environment back to health. By being in the
environment, calling out, and making themselves visible, indicator
species help make a di�erence for not just their species, but for all
the animals and plants that live with them. So, here is a big thank you
to all the indicator species that are helping researchers as they try to
protect the environment!
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