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Exotic Species: Zebra Mussels & Round Gobies
GRADE LEVEL/SUBJECT

Grade 7: Ecology/ Environmental Science

TIME

One class period

OVER
VIEW
OVERVIEW
Exotic species are organisms that are introduced into habitats
where they are not native. They can have detrimental effects on
the ecology of the environment by driving out native species and
altering the biodiversity. Without natural predators, they can often
displace native species and impact recreation, water quality,
pollutant cycling, and habitat. In Presque Isle Bay and Lake Erie,
two exotic aquatic species that are having significant impacts on
these ecosystems are the zebra mussel and the round goby.

PURP
OSE
PURPOSE
The purpose of this lesson is to introduce students to invasive species and help them to understand the
impacts exotic species have on ecosystems of the Great Lakes and Presque Isle Bay.

OBJECTIVES
At the end
·
·
·

of this lesson students will be able to:
Identify a zebra mussel and a round goby.
List the environmental impacts exotic species have on ecosystems.
Identify courses of action that can be taken to prevent the spread of exotics to other waterways.

PENNSYL
VANIA AC
ADEMIC ST
AND
ARDS
PENNSYLV
ACADEMIC
STAND
ANDARDS
Science & Technology
· 3.3 Biological Sciences
Environment & Ecology
· 4.1 Watersheds & Wetlands
· 4.6 Ecosystems & their Interactions
· 4.7 Threatened, Endangered & Extinct Species
· 4.8 Humans & the Environment
· 4.9 Environmental Laws & Regulations

RESOUR
CES/MA
TERIALS
RESOURCES/MA
CES/MATERIALS
Aquatic Exotics handout for each student
Figure 1 and 3 copied for each student
Computer with Internet access (optional)
Worksheet for each student

PRIOR KNOWLEDGE
Food web
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ATION
MOTIV
TIVA
Imagine that aliens from Mars invaded our earth. How would they affect human life as we know it? What
would they eat? Where would they live? What if they lived next door to you? Now think of the same
situation except in an aquatic habitat like a pond or lake. The aliens can be compared to an exotic species.
Exotic species are non-native organisms that invade habitats and disrupt the natural ecological cycles of the
habitat. The invasion of an aquatic exotic species is like having a new neighbor coming to live in your
neighborhood, except the new neighbor forces you to move ten miles across town so they can have more
space. They go to the local market and buy all of the food on the shelves so there is nothing left for anybody else. You are forced to move across town because there is no more food at the store. Eventually
other families are forced to move as well, and in the end the only ones left in the neighborhood are the new
resident aliens. This is what can happen in an aquatic ecosystem if a non-native species is introduced.

BA
CK
GR
OUND INFORMA
TION
BACK
CKGR
GROUND
INFORMATION
Wha
t is an ex
otic species?
What
exotic

Exotic species are non-native organisms that invade habitats and disrupt the natural ecological cycles of
the habitat. They are considered a worldwide threat to biodiversity and are considered biological pollutants. Exotic species introduced into new habitats often overrun their new home and crowd out native
species. With an abundant food supply, and many times a lack of natural predators in their new community, the exotics can grow and expand their numbers very quickly. Once they are established, exotics can
rarely be eliminated because their new habitat is favorable for their survival.
So how do these exotics get to where they dont belong? Most of the introductions of exotic species are
done by humans. They can be introduced into a habitat intentionally or unintentionally. Those introductions
that are intentional sometimes do unexpected damage. However, many of the exotic introductions are
accidental. The species can be transported to other areas on animals, vehicles, ships, commercial goods,
produce, and even clothing. Some exotic introductions are ecologically harmless and some are even beneficial; but most exotic introductions have a negative effect on our ecosystems. Exotics have been responsible
for the extinction of native species, especially those of confined habitats such as islands and landlocked
aquatic ecosystems. Aquatic nuisance species of concern in the Great Lakes region are the zebra mussel,
round goby, Eurasian ruffe, sea lamprey and spiny waterflea. Two of these commonly found in Lake Erie and
Presque Isle Bay are the zebra mussel and round goby.
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a Mussels
Zebra

Zebra mussels are small fingernail size freshwater mollusks (Figure 1) that live at the bottom of lakes and
streams in freshwater and estuarine water habitats. Zebra mussels start to reproduce in Lake Erie once the
water temperature reaches 13°C. One female mussel can produce up to 1 million eggs per year. Wow! The
eggs are fertilized externally when both eggs and sperm are released into the water. The fertilized eggs
develop into free-floating larvae called veligers. These larvae remain in this planktonic stage for 10 to 15
days and are carried by water currents which enables them to expand their distribution. After the 10 to 15
days of floating around and being carried by the current, the veligers begin to act more mussel-like and
move around searching for some place to attach. They attach themselves to surfaces using very tough
elastic fibers called byssal threads (Figure 2). This is called the settling phase during which the mussels
start to form their shells.
Once the mussels begin to grow, they attach to hard substrates and tend to colonize in large clumps by
growing on top of one another (see below for example of how fast zebra mussels can colonize).

May 1990
August 1990
September 1990
October 1990
Zebra mussels, like other aquatic organisms need good water quality and an abundant food source (plank-

ton) to be successful in colonizing a lake or river. They need certain physical and chemical conditions of the
water (pH, temperature, salinity, water velocity) in order to survive. In addition, they need appropriate
biological conditions (food sources, lack of predators) to be successful. In the case of zebra mussels, a lack
of natural predators has helped them expand their populations.
Zebra mussels are filter feeders (at right) and get their
food by filtering tiny organisms out of the water. When
they feed they remove microscopic aquatic plants (phytoplankton or algae) and animals (zooplankton) from
the water. They have the ability to filter about one liter of
water per day. It is believed that the zebra mussel colonies
in Lake Erie filter the entire volume of the lakes western
basin each week! This filtering increases the
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clarity of the water and reduces some forms of phytoplankton (by as much as 80 percent). Plankton forms
the basis of the lake food web. With increased clarity of the water, sunlight is able to penetrate deeper into
the water, which increases the growth of aquatic plants and bottom-dwelling algae as well as some aquatic
insects. It also changes the habitat for fish. Some lakes have seen a change in fish species because the
increase of aquatic plants changes the habitat preference of the fish living there.

Where did they come from?
Zebra mussels originally inhabited the Caspian Sea (Map 1) and were brought to the Great Lakes region in
the ballast water of transoceanic ships. Ballast water, taken on in a freshwater European port was discharged into Lake St. Clair, near Detroit, where the mussel was discovered in 1988. Since that time, they
have spread rapidly throughout the Great Lakes and the Mississippi River System, as well as into Ontario
and Quebec (Figure 1).
Impact
The effect that zebra mussels have on the area they
invade can be devastating. The mussels attach themselves to the shells of other freshwater clams
(right) using their byssal threads. These threads are
very strong and prevents the zebra mussel from being
washed away with the current. If enough zebra
mussels build up on the clams shell, the clam is
unable to open and close to feed normally and it dies.
This has resulted in zebra mussels eliminating most
native species of clams in Lake Erie.
The native clams are not the only organisms affected
by the zebra mussel. They have also been found to
affect crayfish (left), snails and turtles. Since zebra
mussels can filter huge volumes of water, and have a
high body-fat content they can accumulate about 10
times more contaminants than native mussels. These
contaminants can be transferred up the food chain to
waterfowl and fish that eat zebra mussels. This can
pose a threat to humans if the fish have higher levels
of contaminants because of the zebra mussels in the
food chain. Zebra mussels have also made impacts on commerce and industry by clogging water intake pipes
and disrupting the flow of drinking water supplies in many areas.
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Treatments
The most effective treatment used in preventing the zebra mussels from colonizing intake pipes is chlorination.
This treatment is approved by the Environmental Protection Agency as a means of controlling the clogging of
intake pipes. Poisons have been developed that kill zebra mussels but at this point researchers and scientists
are still searching for a way to safely treat the zebra mussels without causing harm to other organisms in the
ecosystem. We have tried to remedy the impacts of zebra mussels but most scientists believe that zebra
mussels cannot be eliminated, so the goal now is to learn how to live with them.
Relationship to AOC
The zebra mussels that inhabit Presque Isle Bay and Lake Erie have made significant impacts on the ecosystem
of the bay and lake. Because of the zebra mussels ability to filter plankton out of the water, they have caused
an increase in the clarity of the water. As discussed before, an increase in water clarity can lead to an increase
in the growth of rooted aquatic vegetation, and can also raise water temperature. The increase in vegetation
can cause problems for boaters in the bay by clogging propellers and can affect fish habitat. Fisheries biologists have noticed changes in fish species because the increase in vegetation favors certain fish species. For
example, in Lake St. Clair there has been a change in fish species from walleye and yellow perch to largemouth bass and northern pike.
Round gobies

The round goby (Figure 3) is a bottom-dwelling fish that perches on rocks and other substrates. Gobies
have large heads, soft bodies and dorsal fins that lack spines. They can grow up to 10 inches long as adults.
They are very aggressive fish, feeding on the eggs of native fish and aggressively defending spawning sites,
thereby impacting reproduction of native fish species. The round goby is a multiple spawner (may nest
several times a year) and produces from 300-5,000 large eggs per year! The eggs are deposited in nests on
the tops or undersides of rocks, logs or cans. The male goby guards the nest. The habitat of the round goby
is primarily the rocky, gravel areas nearshore, which can help protect the developing young. The gobys
pelvic fin acts like a suction cup, allowing the fish to hold on to substrates when water flow is high.
In Europe, the diet of round goby consists primarily of clams and mussels and large invertebrates. Here in
the United States, studies have revealed that the diet of the round goby includes insect larvae, but more
interestingly, the zebra mussel. Some natural predators of the round goby include sport fish like smallmouth
bass, rock bass, walleye, and yellow perch. Round gobies often are mistaken for sculpin, a native bottomdwelling fish. The distinguishing feature between the sculpin and goby is the fused pelvic fin (Figure 4).
Sculpins and round gobies are similar in coloration; however, round gobies also have a black spot on the
dorsal fin (see next page).
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Sculpin

Round Goby

Where did they come from?
The round goby originally came from the Black and Caspian Seas (Map 1). It was first discovered in the
United States in the St. Clair River in 1990. Like the zebra mussel, they were most likely transported to the
U.S. in the ballast water discharged by transoceanic vessels. Because the round goby spawns several times
a year, produces numerous eggs, and aggressively protects its habitat, it was able to successfully reproduce
and colonize quickly once it was introduced.
Impact
The round goby competes successfully with native fish such as the sculpin. A decrease in native sculpin
populations has been reported from areas in which gobies have become established. The goby competes
with the sculpin for food and also drives them from their preferred spawning areas. Gobies affect other
types of native fish by consuming their eggs and young, which reduces the population of those native
fishes. On the positive side, the gobies diet consists largely of another exotic species: the zebra mussel.
The zebra mussel is an important component of the gobys diet and a single goby can consume up to 78
zebra mussels a day! Although this number might seem large, it is unlikely that the goby would have a
noticeable impact on the zebra mussel population; however, due to the abundance of zebra mussels, the
goby population continues to increase.
Relationship to AOC
Although, the zebra mussel has done much to clear up the water in Presque Isle Bay, the ingestion of
contaminants by the zebra mussel while filtering the water has created problems for anglers. Since the
round goby primarily feeds on zebra mussels, the contaminants the zebra mussel uptakes while filtering the
water builds up in their tissues and gets transferred to the round goby. The fish that consume the round
goby such as smallmouth bass, walleye, and perch also ingest the contaminants that the round goby got
from the zebra mussel. This is where humans are potentially impacted. We fish for many of the same fish
that are eating the round goby. When we consume some of these fish, we could also be consuming some of
the contaminants contained in the fish tissues. Fish advisories are currently issued for Presque Isle Bay and
Lake Erie to inform anglers on the safe levels of consumption for certain fish. Round gobies may drive these
advisories to more restrictive levels.
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Refer to Figure 1 and Figure 3 for How to stop the spread
Everybody can make a difference and help stop the spread of exotic species. In 1990 the Nonindigenous
Aquatic Nuisance Prevention Act was passed to prevent the introduction of species into the Great Lakes via
ballast water and to create a national program to prevent the entry of invasive species. This act was expanded with the Native Invasive Species Act (NISA) of 1996. Action on the local level is essential to prevent
the spread of exotics. Exotic species such as zebra mussels can be picked up and transported on equipment,
including boats, trailers, motors, tackle, anchors, axles and centerboards. Others species, like round gobies,
waterfleas and zebra mussel veligers, can be carried in the water of livewells, bait buckets, motors, bilges,
and transom wells. People should be aware that even a small cluster of zebra mussels in a bait bucket could
lead to an infestation of an entire waterway. Exotics that are used as bait such as the round goby can also be
transported by anglers and bait dealers into other waterways. Proper bait disposal can help reduce the
spread of the round goby and zebra mussel. Stop the Exotics a video produced by Minnesota Sea Grant,
provides an exciting approach to the control and prevention of exotic species and is available for classroom
use.

PROCEDURE
1. Begin class by asking students if they have ever heard of the term exotic species before. Motivate
them by reading the story about the earth being invaded by aliens from Mars. Following the story, ask
the students again if they have an idea what an exotic species is. Ask for their thoughts.
Hint: Define each word (exotic, species) with the students, and then put them together and see what
you get.
2. Handout enclosed Aquatic Exotic Species of the Great Lakes Region sheet. Discuss the different
organisms pictured. Why would these be considered exotics? Do they look different than other
organisms? Ask for students thoughts.
3. Discuss what an exotic species is. Refer to Aquatic Exotic Species of the Great Lakes Region sheet.
Ask students to look at each organism pictured and think of how they might have been introduced
into a new habitat and why.
Hint: The round goby and ruffe are both fish. Can they swim from one habitat to another?
4. Call attention to the zebra mussel pictured in the handout.
5. Handout Figure 1 and display Figure 2. Begin to discuss the basic characteristics of the zebra mussel
life cycle. Review the how to identify it section of the handout and discuss other noticeable characteristics that could be used for identifying the zebra mussel. Make a list of any additional characteristics that could be used to identify zebra mussels.
6. Discuss the colonizing capabilities of the zebra mussel and relate it to their reproduction.
7.

Review Where did they come from? Refer to Map 1 (Caspian Sea) to familiarize the students with
where the Caspian Sea is located.
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8. Discuss what types of impacts or changes the zebra mussel has made on the ecosystem. Ask how the
mussels might affect other organisms.
9. Refer to Aquatic Exotic Species of the Great Lakes Region sheet and bring their attention to the round
goby.
10. Handout Figure 3. Begin to discuss the basic characteristics of the round goby. Review the how to
identify it section of the handout and discuss other noticeable characteristics that could be used for
identifying the round goby. Make a list of any additional characteristics that could be used to identify
round gobies.
11. Display Figure 4. Point out the differences in pelvic fins between the sculpin and the round goby.
12. Refer to Map 1 and review Where did they come from? Point out the Caspian and Black Seas as the
native homes of the round goby. Refer to the distribution map on Figure 3 and discuss how the goby
might have arrived in the United States.
Hint: Think about the differences between the zebra mussel and round goby in terms of their mobility.
Which one would have an easier time moving around?
13. Discuss the types of impacts or changes the round goby has made on the ecosystem, both positive
and negative. Critically think about how the round gobys diet potentially affects humans.
14. Wrap up: Talk with students about how they can become actively involved to prevent the spread of
exotic species. Perhaps they or someone in their family likes to fish.They can help by telling them
what they learned about the zebra mussel and round goby and how they impact the ecosystem.
15. Pass out student worksheet: Exotic Species.

VOC
ABULAR
Y
OCABULAR
ABULARY
Algae
Ballast water
Biodiversity
Byssal threads
Exotic species
Filter feeder
Larva
Mollusks
Native species
Phytoplankton
Plankton
Veliger
Zooplankton
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QUESTIONS/INQUIRY
CLASS DISCUSSION:
ü Why should we be concerned about exotic species? What impacts do they have on ecosystems? How
can the transfer of exotic species be controlled or stopped in the Great Lakes?
CREATIVE WRITING:
ü Provide a list of terms that the students can make into a story about a zebra mussel or a round goby
making the trip from their original homeland to their new habitat.
EXTENSION:
ü Use the Internet to research other geographical areas that have been impacted by zebra mussels or
round gobies. What impacts have they had in those communities? What have they done to control
them?

ASSESSMENT
ü
ü

Students will be assessed on their ability to correctly identify both a zebra mussel and round goby
using the distinguishing characteristics provided in the fact sheets.
Students will be assessed on the completion and correctness of their worksheet.

GLOSSARY
Algae: A photosynthetic plant-like protist (single-celled eukaryotes).
Ballast water: Water stored in tanks on large ships to help maintain the ships buoyancy and balance.
Biodiversity: Measure of the number of different species and individuals in an ecosystem.
Byssal threads: Tough elastic threads formed from secretions of the byssal gland in the zebra mussel.
Zebra mussels use them to attach themselves to rocks, docks, boats and the shells of other animals.
Exotic species: Organisms that are introduced into habitats in which they are normally not found.
Filter feeder: Organisms that filter the water using specialized organs such as gills to trap fine food
particles for feeding.
Larvae: A free-living, sexually immature form in some animal life cycles that may differ from the adult in
morphology, nutrition, and habitat.
Mollusks: (Phylum Mollusca) Examples include snails, slugs, oysters, clams, octopuses and squids. Mollusks are soft-bodied animals, but most are protected by a hard shell made of calcium carbonate. Zebra
mussels are bivalves that are characterized by having shells divided into to halves that protect their softbodied insides.
Native species: Organisms that are residents in a habitat or naturally occur there.
Phytoplankton: Plants of the group plankton.
Plankton: The floating or weakly swimming organisms found in aquatic habitats.
Veliger: Larval stage of the zebra mussel.
Zooplankton: The animals of the group: plankton.
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Aquatic Exotic Species of Concern in the
Great Lakes Region

Round goby

Zebra mussel

Eurasian ruffe

Sea lamprey

Spiny waterflea

69

IN THE CLASSR
OOM
LASSROOM

IN THE CLASSR
OOM
LASSROOM

Map 1: Caspian Sea
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Figure 1: Zebra Mussel Facts
How to identify it:
á Look for a yellowish or
brownish "D" shaped shell with
dark and light colored stripes
á Average size is 1 inch, but can
be as large as 2 inches
á Grow in clusters in shallow (630 feet) algae-rich water

How to stop the spread:
á Inspect boat, trailer and
equipment and remove
any zebra mussels
á Empty bait bucket on
land. Do not release live
bait into a waterway
á Learn what zebra mussels
look like, and know which
waterways are infested

Zebra mussel range September 1999
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Figure 2: Adult Zebra Mussel

Byssal Threads
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Figure 3:Round Goby Facts
How to Identify It:
á Dark blotch on dorsal fin
á Fused pelvic fins
á Frog-like raised eyes
á Thick lips
á Body mostly slate gray in color
mottled with black to brown spots

How to Stop the Spread:
á Learn to identify the
round goby
á Always drain water from
boat before leaving any
waterway
á Never dump live fish
from one body of water
into another
á Always dispose of
unwanted bait on land
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Figure 4: Round Goby and Sculpin

Sculpin

Round Goby
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Name:________________________

Date:______________ Class: ______________

SECTION I: COMPLETION
Non-native
Sculpins

Ballast
Filter feeders

Round gobies
Biodiversity

Zooplankton
Byssal threads

Native

1. Exotic species are species that are__________ to their new environment.
2. Zebra mussels and round gobies came to the United States from the Caspian Sea through the
__________ water of oceanic ships.
3. Zebra mussels are __________ and can filter up to 1 liter of water per day!
4. Using their __________, zebra mussels are able to firmly attach themselves to solid surfaces as
well as other organisms like crayfish.
5. __________ have a fused pelvic fin, __________ do not.

SECTION II. LABEL ME!
6

1

3

2

Round Goby

4

5

8
Zebra Mussel

7

Word Bank:
1.
2.
3.
4.

_____________
_____________
_____________
_____________

5. _____________
6. _____________
7. _____________
8. _____________

SECTION III: CRITICAL THINKING

Byssal threads
Mouth
Foot
Exhalent siphon
Dorsal fin

Pelvic fin
Larvae
Eye
Stomach
Inhalent siphon

Remembering what you learned about exotic species, what do you think you could do to prevent other
exotic species from entering your watershed?

