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Fruit flies are very small flies. When people find them in their kitchens,

they are often annoyed. However, fruit flies can tell us about what is

happening in nature. Some fruit flies are native to an area, whereas

others have been introduced by people. When a place is in its natural

state, native species of fruit flies are abundant. When a place has

been changed, for example, by the construction of lots of buildings,

invasive species of fruit flies are found. Fruit flies are an indicator

species that can tell us about how land use has changed.

ANIMALS IN A CHANGINGWORLD

Humans change planet Earth in ways that a�ect the plants and animals
living on it. Climate change is one example and land use is another.
Land may be converted from a countryside (a rural environment)
to a city (an urban environment). The animals we see in various
environments can reflect the changes in land use. If one animal species
is only found in the countryside and another is found only in the city,
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these animals can be indicator species, meaning they can indicate that
INDICATOR SPECIES

A species whose
numbers or presence is
heavily influenced by
the environment.

land use is changing or has changed.

Fruit flies can be indicator species. During the summer, you may find
these tiny flies in your kitchen. They are known by their scientific
name, Drosophila. While only a couple of species of Drosophila are
commonly found in kitchens, outside you might find tens to hundreds
of Drosophila species—but it depends on where you live. The species,
and their numbers, di�er if you are in the city or the country.

WHY DO ANIMALS LIVEWHERE THEY LIVE?

To understand why animals live where they do, we need to understand
the concept of a niche. An animal’s niche includes the climate and

NICHE

The place in which an
animal (or plant)
survives the best
because of the
availability of food
and/or shelter, as well
as favorable
climate conditions.

foods that match the animal’s needs. Animals do not do well in
environments that do not contain their niche. Cities provide di�erent
niches than natural environments do. Cities have plants in parks and
gardens. However, people sometimes like to have non-native or exotic
plants near their homes. When native plant species disappear, niches
for animals also disappear. When this happens, native species may

NATIVE SPECIES

A naturally occurring
plant or animal in
a location.

be replaced by non-native species, which are species introduced
by humans into a region that is not their natural environment. If
the number of individuals of a non-native species grows large, the
non-native species may become an invasive species. An invasive

INVASIVE SPECIES

A plant or animal that
did not originally live in
the geographic
location, was
introduced by humans,
and typically
outcompetes
native species. speciesmay outcompete native species that have a similar niche.

Animals can be split into two groups: generalists and specialists
GENERALIST

A species that has a
wide niche, meaning it
can survive in many
environments and eat
many di�erent kinds
of food.

SPECIALIST

A species with a very
narrow niche that
requires certain foods
or climate conditions
to survive.

(Figure 1). Specialists have specific niche requirements, particularly for
food. Generalists can find food from many sources, thus, it is easy
for them to survive. Invasive animals are often generalists. If native
plants are replaced with exotic plants, then the native specialist insects
may disappear because their food has disappeared. Specialists cannot
invade an area that lacks its food or niche.

The types of animals in an area reflect the species diversity of the

SPECIES DIVERSITY

The number of species
and the number of
individuals of each
species found in
an area.

area. Species diversity is measured by taking into account the number
of species present and the number of individuals present (Figure 2).
Rural areas, although natural, may have low diversity because only
specialists live there. Urban areas may have low diversity because only
generalists are there. Diversity may be highest in the suburbs, where
both specialists and generalists may live.

WHAT ABOUT FRUIT FLIES?

These diversity patterns are seen in Drosophila species. Researchers
collect Drosophila species using traps baited with rotting bananas.
In Brazil, Drosophila flies were collected along an urban gradient,

URBAN GRADIENT

A change in land use
across space from
countryside to city.

which is a slow change from a rural environment to a city across
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Figure 1

Figure 1

The di�erence between
a generalist and a
specialist. Each stack of
blocks represents food
that is eaten by an
animal. The generalist
eats four types of food
whereas the specialist
only eats one type of
food. Both animals eat
the same amount. If the
blue food disappears,
then the specialist will
have nothing to eat.
The generalist will still
be able to find food.

Figure 2

Figure 2

Four species of flies are
found in both areas. In
the rural area, there are
two individuals of each
species. In the urban
area, most flies are
from one species.
Although each area has
the same number of
species, the rural area is
more diverse than the
urban area because
one species does not
dominate. The species
found only in the urban
area is likely an invasive
generalist and the
species found only in
the rural area is likely a
specialist. The urban
area has more flies
because invasive
species are so
common.

a geographical area [1]. The researchers sampled four environments
(Figure 3): a rural area, a low city-growth area, a medium city-growth
area, and an urban area. The rural area hadmore native than invasive fly
species. The medium city-growth area and the urban area had more
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invasive flies than native flies—the opposite of what was seen in the
rural area.

Figure 3

Figure 3

An urban gradient. At
the left is the most rural
area, which does not
have any buildings and
only native plants. As
you move from left to
right, the number of
buildings increases and
the number of plants
decreases. Native
plants are also
gradually replaced by
exotic plants. In Brazil, the low city-growth area had themost fruit fly species and the

rural area had the least. The variety of food plants available in the low
city-growth area was probably greater than in any of the other areas
studied. The low city-growth area is like the suburbs. The plant species
there is likely a mixture of native and exotic species. In the urban area,
the number of fruit fly species was lower than in the low city-growth
area. The di�erent food plants along the gradient changed which fruit
fly species were found.

The most common species was di�erent between the rural and urban
areas. In the rural area, the native species Drosophila willistoni and
Drosophila paulistorum were the most frequently collected. In the
urban area, those species were rarely found. The most common
species in the urban area were Drosophila simulans and Zaprionus

indianus; theymade upmore than half of the flies in the urban area, but
only a tiny fraction of the rural flies were seen. Both of these species
are native to Africa and invasive in Brazil. Both Drosophila simulans

and Zaprionus indianus are generalist species. Thus, in Brazil, the urban
area had invasive species and the countryside had native species.

The numbers and types of species do not show the whole picture.
Diversity is also reflected in the number of individuals spread among
the species. The total number of flies was highest in the urban area
and lowest in the rural area. Although more flies were in the urban
area, it was not the most diverse because most were only a couple
of species. Diversity was highest in the low city-growth and medium
city-growth areas because they were not dominated by few species,
as in the urban area.

DO THESE PATTERNS HAPPEN ELSEWHERE?

A similar pattern was seen in North America—in Alabama, USA [2]. Flies
were collected in three locations: around buildings with no plants, in
an urban park, and in a rural park. Around the buildings, the researchers
found the smallest number of species and they did not find two of
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the native species found in the other areas. The greatest number of
individuals was found in the urban park.

Fly species also changed over time. The researchers compared the flies
collected in the 2010swith flies collected 100 years earlier. In Alabama,
cities have grownwhile farmland has shrunk. At the same time, climate
change has altered the environment. The fruit fly collections in the
2010s had fewer species compared with those from the 1910s. Many
species in the 2010s were not present in the 1910s collection, and all
the new species are invasive. One of the new species found in the
2010s was Zaprionus indianus, which is an invasive species in the USA
like it is in Brazil. Changes in fly species indicate both land-use change
and climate change.

Our lab collected Drosophila from two rural orchards in Kansas in
2014, and we made similar observations. Our collections had species
di�erent from those found in Kansas in 1954 [3]. Similar to the Alabama
study, we found fewer species in 2014 compared with 1954. We also
found more invasive species. Notably, the invasive species Drosophila
simulans was rare in 1954, but it made up more than half of our
collection in 2014. The orchards were about 10 miles from a city so,
even in a rural area, the invasive species is now thriving.

We found another invasive species new to North America: Drosophila
suzukii. This species was also found in Alabama. We did not find
Zaprionus indianus in 2014, but we found it in 2012 and 2015, thus,
we know that it has been successful at invading Kansas. Kansas is
relatively rural, and the presence of invasive species indicates that the
environment is changing here as well.

DO FRUIT FLY SPECIES REFLECT ENVIRONMENTAL

CHANGE?

Researchers found that the types and numbers of fruit fly species
are di�erent now than they were almost 100 years ago. Fruit flies
also vary with land use. The generalist species Zaprionus indianus

and Drosophila simulans are replacing native species in urban places.
Measuring environmental change is di�cult, but the fruit fly species
found in an area can indicate how rural or urban an area is and if an
area is changing over time.
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YOUNG REVIEWERS

I. C. VAL RENDENA, AGE: 14

We are a small class going to a school in the middle of the Dolomites in the northern

part of Italy. This is our last year at the secondary school, so we are enjoying

this last year together. We have a cool science teacher who loves nature and she

teaches us about biodiversity and climate change. So science is not a boring subject

for us as we learn a lot about our Earth and the big problems of pollution and

climate change.
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SIRI, AGE: 12

My name is Siri. I am in the sixth grade. Some things that I enjoy doing are reading,

soccer, science, computer science, cooking, and baking. I like to read a series called

Warrior Cats, and novels, non-fiction, and scientific novels. I played piano for a few

years, but then changed to violin. I love animals and have two dogs and six chickens,

and am getting ready to adopt two kittens. I love learning more about animals

and plants and have my own succulents. I am trying to learn how to propagate it

is clippings.
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