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If you have ever been to a pet store and stopped at the aquariums,
you have most likely seen a guppy. Guppies come in diverse
BRYSON shapes and sizes. Some have large, beautiful fins, while others have
Ly bright-colored bodies. It turns out that guppies are not only popular
with pet owners. Scientists find guppies to be fascinating because

YOUNG REVIEWERS:

FROYLAN

AGE: 15 these fish are perfect for studying how species rapidly adapt to new
' environments. Next time you stop at a pet store, be sure to admire

NICOLAS these small but interesting fish.

AGE: 12

WHAT IS A GUPPY?

If you have ever been to a pet store, you have probably seen a
Trinidadian guppy, usually just called guppies! These cute fish are
popular in the pet trade but look different from their wild populations.
This is because they have been bred in captivity to have desirable traits,
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Figure 1

Guppies are small fish
native to northeast
South America.
However, they have
been specially bred to
have traits like beautiful
colors and fin shapes,
which are admired by
pet owners [photo
credits: Y. Yang (top
box), Shutterstock/J.
Kornelius (bottom box
left second),
Shutterstock/P. Paipa
(bottom box except left
second)].

MODEL ORGANISM

An organism that is
studied to understand
how biological
processes occur. What
we learn from model
organisms can be
applied to

other organisms.

EVOLUTION

Any changes to the
genes in a population
of organisms over
generations. Over time,
these small changes
can lead to bigger
consequences like
adaptation to the
environment or
emergence of

new species.

BIODIVERSITY

The variety of species
found on Earth, orin a

particular area on Earth.

such as beautiful colors and fin shapes (Figure 1). In the wild, guppies
are small freshwater fish that are <2 inches long. Although most fish
lay eggs, guppies give birth to fully formed babies. Guppies are native
to rivers and lakes in northeastern South America. However, guppies
now live on every continent except for Antarctica. Guppies have been
introduced around the world to feed on and reduce mosquito larvae,
which is a form of biocontrol—using helpful organisms to get rid of
pests or other problems in nature. Guppies also spread through the pet
trade because many pet owners release unwanted guppies into ponds
or streams. However, these guppies can create problems in these new
areas because they can harm native species and the ecosystem.
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GUPPIES AS A MODEL ORGANISM

Biocontrol companies and pet stores are not the only ones interested
in guppies. Scientists love to study guppies because they are a model
organism for studying evolution. Evolution is any change to the
genetic code of populations over generations, and it is why we see
so much amazing biodiversity on Earth. Scientists are particularly
interested in guppies found in Trinidad, an island in the Caribbean off
the coast of Venezuela. Guppies in Trinidad often live in freshwater
streams that have several large and beautiful waterfalls. Guppies can
sometimes move upstream of the waterfalls, but the bigger fish that
eat them cannot. This has led to two different forms of guppies: those
that live with predators (high-predation habitats) and those that do
not (low-predation habitats). Scientists use these habitats to test how
environmental differences lead to biodiversity in guppies. Guppies that
live with predators are smaller, have more babies, and are less colorful.
Guppies that do not live with predators are the opposite: they are
larger, have fewer babies, and have bright colors (Figure 2). Tracking
these and other guppy characteristics is a perfect way for scientists
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Figure 2

Guppies in Trinidad live
in two types of habitats
that are separated by
waterfall barriers: high
predation, where
guppies live with larger
fish predators; and low
predation, where
guppies live without
predators. This
separation between
habitats has happened
independently in many
different streams in
Trinidad. This is
important because it
allows scientists to test
how predators, and
other factors in the
habitat, can cause
evolutionary changes
to guppy populations.
Guppies in these two
habitats differ in many
characteristics,
including body size,
color, and behavior.

NATURAL
SELECTION

A process by which
populations adapt to
their environments.
Natural selection leads
to organisms that are
better at surviving

and reproducing in their

particular environments.

ADAPTATION

The process by which
species’ traits change
over generations to
better suit their
environment, usually
through

natural selection.

to understand how guppies evolve to become so different in many
locations [1].

LOW-PREDATION HABITAT
<)

- move colorful

- larger

- less babies

HIGH-PREDATION HABITAT

@5-@@

- smaller

- less colorful

- move babies

DANGER!!

Figure 2

LEARNING FROM GUPPIES—NATURAL SELECTION

Guppies help us understand how species evolve through natural
selection. Natural selection is a process that leads to changes in
populations so that they can survive better in their environments. Any
group of organisms has small variations, or differences, among group
members. Guppies do too! This variation is important for populations
to survive because some traits are better for certain environments.
When the environment changes, some guppies will have better
chances of survival than others because of their traits. Guppies that
survive can reproduce and pass these traits to their babies. After a few
generations, the population of guppies will have changed to show
more of these useful traits. These evolutionary changes caused by
natural selection make the population better suited to life in the new
environment. This process is called adaptation. Together, changes in
the environment and adaptation give rise to a diversity of traits, and
with time, can give rise to entirely new species.

When guppies live with big predatory fishes, they need to avoid being
eaten. One way they do this is by speeding up their life cycles. These
guppies reproduce fast, so they have a good chance of having babies
before they are eaten. These guppies also have many babies, so that
even if some babies are eaten, others will survive. High-predation
guppies have many other behaviors that help them avoid predators,
such as staying in bigger groups and being more alert. Guppies who
live without predators have different problems. Because they are not
being eaten by predators, there tends to be more guppies. More
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SEXUAL SELECTION

The process by which
evolution favors
characteristics that help
individuals find mates.

INVASIVE SPECIES

A species that is outside
its typical native range,
spreads, and causes
problems for native
species or humans.

guppies means more competition for food. These guppies become
adults later and produce fewer, but larger, babies. This is because
bigger fish are better at outcompeting other fish for food (Figure
2).

What is super interesting is that these unique traits can evolve rapidly
in guppies. Scientists used to think that big evolutionary changes
took thousands or even millions of years. Now we know this is not
always true—evolution can happen much faster than we ever realized
[2]. One way we know this is by manipulating guppies in streams in
Trinidad. Scientists moved guppies from high-predation environments
to low-predation environments above waterfalls that did not have
guppies. These introduced guppies developed the same traits seen
in other low-predation guppy populations in just 11 years (20-40
generations; see [2] for this example and many more)!

LEARNING FROM GUPPIES—SEXUAL SELECTION

Guppies also help us understand how species evolve through sexual
selection. Sexual selection is the process that changes organisms
because of differences in their ability to find a mate. Individuals that
mate and reproduce more have more babies that inherit their traits.
So, traits that help individuals to get mates are favored over time.
Sometimes these traits help an individual attract a mate, while other
traits allow an individual to outcompete a rival for mates. In guppies,
females usually choose which male they want to mate with. Often,
they are more attracted to bright, colorful males, especially those
that have more orange. Biologists do not know why female guppies
prefer these colors. One idea is that they are attracted to bright colors
because it looks like their food [3], or it is possible that brighter males
tend to have more babies. They are also usually healthier and have
genes that are better suited to their environments. To show off his
colors, a male will “dance” around a female. If the female likes what she
sees, she will mate with the male. So why do wild guppies not evolve
to become super colorful, like the pet guppies? Here is the catch:
in environments with a lot of predators, bright colors and dancing
are dangerous. Colorful, dancing males are more likely to attract a
predator. So, males in high-predation environments are less colorful
(Figure 2), and they typically skip their dance and try to mate with the
female immediately.

GUPPIES HAVE BECOME AN INVASIVE SPECIES

Remember how we said that guppies have spread all over the world?
They are now found in ponds, lakes, and even hot springs! While it
is fascinating that guppies can adapt quickly to new environments,
they also create many problems because they become invasive
species outside their native range. Invasive species can harm the
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ECO-EVOLUTIONARY
FEEDBACK

A process in which
organisms adapt to
their environment,
change their
environment, and
subsequently adapt to
the new environment
that they have created.

ecosystem and the native species that live there. Ecosystems result
from complex interactions between species and their environment.
Introducing a fish that acts differently than the native species can
impact how the whole ecosystem functions. By eating native species
or competing with them, guppies threaten local biodiversity. Take,
for example, native fish called gobies found in Hawai'i, also called
O'opu. O'opu are freshwater fish that live in streams and can climb
waterfalls as tall as 330 feet! Sadly, gobies are doing poorly because
guppies eat their eggs and babies, compete with them for food, and
change the amount of nutrients in their environment. Some species
of gobies are now at risk of going extinct. Understanding how guppies
interact with other species and impact ecosystems will help us protect
native biodiversity.

ECO-EVOLUTIONARY FEEDBACK

The fascinating thing about guppies evolving so quickly is that we can
watch the process in real time! When organisms evolve, they also
change the way they interact with their environments. And here is
the most interesting part: when they change, the environment can
change, too. For example, imagine an organism that is better at eating
a particular kind of food. As more organisms evolve this trait, the
amount of that food in the ecosystem will decrease. This change in
food availability can change the whole ecosystem. Sometimes the
environment can change so much that organisms in that environment
then must adapt to these new conditions—including the organisms
that caused the change in the first place! This back-and-forth between
evolutionary change in the organisms (caused by the environment),
and environmental change in the ecosystem (caused by evolution), is
called eco-evolutionary feedback [1].

Let us take guppies as an example. When guppies adapt from
high- to low-predation environments, they feed on different diets.
High-predation guppies prefer to eat small invertebrate animals, which
are more nutritious than algae. When they move to a low-predation
site, they start out by feeding on invertebrates more than algae.
Soon, the guppies reach high population numbers, while the number
of invertebrates decreases. Invertebrates eat algae, so with fewer
invertebrates, more algae can grow. With their environment now
changed, these guppies must adapt once more, by feeding on the
abundance of algae.

CONCLUSION

The next time you stop at a pet store, take the time to admire the
diversity of traits in guppies. Thanks to guppies, we have learned
a lot about how species interact with their environments and how
they can evolve rapidly. We still have much to learn from guppies.
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Understanding their evolutionary processes can help us understand
how the diversity we see in nature came about. Oh, and one last thing:
if all that you have learned about guppies makes you want one for a
pet, just be sure to not release it into the wild!
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