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Speaker notes for Biodiversity, Invasive Species, and Plant Biosecurity – Grades 9-12 

These notes are meant to aid the presenter in delivering the material.  They are not to be read verbatim.  
Take this information and adjust it to your audience.  Feel free to rearrange slides, emphasize some parts 
over others, etc. 

 

 

Slide 3 – Vocabulary 

Before we explore the concepts of biodiversity and plant biosecurity, 
we need to define a few terms. 

Native species are organisms including a plants or animals whose 
presence in a given ecosystem is the result of only natural processes 
with no human intervention.  Native species normally live and thrive 

in their particular ecosystem. Examples of species native to the U.S. include crabapple, wild turkey, and 
pumpkin.   

Introduced species (i.e. a non-native or exotic species) are organisms (such as a plants or animals) that 
originate in a different region but have become acclimated to a new environment and can survive in this 
new environment.  Introduced species can be considered either beneficial or detrimental to their new 
environment and they can be introduced by man either on purpose or by accident.  Examples of 
introduced species to the U.S. include white potatoes (native to South America), peaches (native to 
China), and zebra mussels (native to Eastern Europe and Western Asia).  We would consider potatoes 
and peaches to be beneficial introductions because we use them as food (they were introduced on 
purpose), but we would consider zebra mussels to be a detrimental introduction because they have a 
negative impact on our native freshwater species (they were introduced by accident).  

Invasive species are defined by the National Invasive Species Council as any species that is not native to 
that ecosystem (i.e. an introduced species) and whose introduction does or is likely to cause economic 
harm or harm to human health (definitely detrimental).  The definition of invasive species also includes 
any parts from which the species can reproduce.  For example, some amphibians and insects hatch from 
eggs, plants may grow from seeds, and bacteria and fungi may reproduce from spores.  Some species 
can also reproduce from parts of their body.  For example, some plants can develop from roots, leaves, 
or stem cuttings.  Invasive species are usually accidentally introduced through shipping of goods from 
country to country or the movement of people from country to country, but sometimes they can be 
intentionally introduced.  You have probably seen some invasive species, but may not have known they 
were considered invasive.  

In addition, it is possible to have a species that is native to only a particular region of the U.S.  However, 
if this species was found in a different region in the U.S., then that species may also be considered 
invasive.  For example, saltmarsh grass (Spartina spp.) is found in the eastern and gulf coastal 
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marshlands.  However, when saltmarsh grass has been introduced into areas on the western coast, this 
plant is considered an invasive species. 

Biodiversity is the variety (number of species) and variability (abundance of individual of each species) of 
all living organisms in a given geographic area (bio meaning life and diversity meaning variety).  The 
given geographic area can be small (a stream, your school yard, a 1 acre plot) or large (an ocean, a 
continent, an ecosystem, the world).  The given area just needs to be defined.  The variety (number of 
species) and variability (abundance of individual of each species) are what we use in calculating 
biodiversity.  The equations we use to measure biodiversity are called biodiversity indices.   

Plant Biosecurity is the monitoring for exotic pests and diseases that could otherwise harm plants in our 
natural or human maintained ecosystems and the implementation of policies to prevent these exotic 
pests or diseases from establishing or to manage them if they do become established.   

Vector is an organism that transmits a disease or parasite. 

Agroterrorism is the deliberate introduction of a chemical or pest or a disease agent, either against 
livestock/crops or into the food chain (i.e. between the farm and the dinner table), for the purpose of 
undermining food and economic stability and/or generating fear. 

USDA-APHIS-PPQ Select Agents and Toxins are diseases or poisons that the United States Department of 
Agriculture Animal and Plant Health Inspection Service Plant Protection and Quarantine (USDA-APHIS-
PPQ) considers to have the potential to pose a severe threat to plant health or to plant products.   
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Slide 4 – What is Biodiversity? 

What is Biodiversity? 

Biodiversity refers to the number of species and the number of 
individuals per species (also known as relative abundance) in a given 
geographic area.  It includes all the different fungi, insects, plants, 
bacteria, mammals, reptiles, etc. living here.  When we discuss the 

biodiversity of a given area (i.e. a rain forest in South America or the Gobi Desert), we are referring to all 
the species that live there and the number of individuals per species that are found there.  In order to 
understand the biodiversity of a given area, we must take an inventory of what species are there and 
then get an idea of how many individuals per species there are.  This is how we get an idea of those 
species that are doing well and those species that might be threatened or even endangered.   

We can even calculate the biodiversity of one area and compare it to another using these numbers (i.e. 
this area is more diverse or less diverse than another area or this area was less diverse in 1980, but is 
more diverse in 2010). 

Discussion questions: 

1) What ecosystem to you think has lots of biodiversity?  Why do you think it has so much 
biodiversity? 

2) What ecosystem to you think has very little biodiversity?  Why do you think it has so little 
biodiversity? 
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Slide 5 – Why is Biodiversity so Important? 

Why is biodiversity so important?  

Practically –  

Biodiversity allows for the recolonization of areas where a species has 
been extirpated (localized extinction).  This means that individuals of 
the same species found in another area can come in and reestablish a 

population in the area where it was originally extirpated.  In addition, a diverse large scale patchwork of 
ecosystems can act as barriers to natural disease and pest transmission between populations.  
Biodiversity also maintains genetic pools or reservoirs for species to rebound from things like diseases, 
pests, and even changes in their environment. Genetic diversity between individuals within the same 
population increases the chances of some individuals of that population surviving thus allowing the 
species to continue as a whole (the basis for natural selection).  However, in species such as corn or 
other crops, there is not much diversity among individuals as they have been genetically breed for 
certain attributes thus resulting in genetically identical plants.  These plants are at a great disadvantage 
when it comes to pests and diseases which is unfortunate as these are the plants that we rely on for 
food.  Biodiversity also provides alternatives to the use of pesticides in our environment to control pest 
populations by offering predators and parasites to do the job instead.     

Economically –  

A diverse food supply means that should something happen (a pest or disease) to one part of the food 
supply, there can be a shift to other parts of the food supply. Biodiversity also provides an array of 
pollinators for our fruit supply.  Biodiversity allows for the discovery of new medicinal remedies or 
therapies or drugs that have yet to be discovered.  It also allows for jobs in the tourism industry (guides, 
fishing, hiking, viewing wildlife, snorkeling, diving, going to the beach and seeing the organisms that live 
there – all those things you like to do on vacation) and the television and movie industry (film sites and 
nature documentaries), just to name a few. 

Aesthetically and emotionally -  

Biodiversity allows for an appreciation of beauty which has no direct dollar value.  How can you put a 
dollar value on watching a sunset or a sunrise over the sand dunes or the experience of seeing your first 
green eyed tree frog in the rainforest in person? 

Discussion question: 

Why do you think biodiversity is important? 
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Slide 6 – What Changes the Biodiversity in an Area? 

There are many causes for a change in the biodiversity of a given area.  
If you change the ecosystem itself, you will change the biodiversity of 
that ecosystem. 

For example, a weather event such as a hurricane or flooding or 
tornadoes can alter an ecosystem and change the biodiversity found 

there (it decreases).  In addition, events such as wildfires and volcanic eruptions can also alter the 
ecosystem and thus the biodiversity (again, it decreases).  Given enough time, these ecosystems and 
their associated biodiversity could recover.   

A change in the climate can also cause change in an ecosystem thus changing the biodiversity of that 
ecosystem.  For example, in some grassland areas, the climate has become drier.  This drier climate has 
caused the grassland to become a desert.  This is known as desertification.  This process does have a 
severe impact on the biodiversity found there (it decreases).     

In geologic time, the earth has gone through many climatic changes that affected all ecosystems.  
Imagine how much the biodiversity of a given area changed during any of the ice ages (it decreased) or 
during the warming events that followed the ice ages (it increased).   

Converting forested land to crop land also changes the biodiversity in the area.  There may still be 
biodiversity in the area after the change, but it will be very different from the biodiversity that was 
originally there (usually it decreases).  In addition, converting land to residential areas or malls or 
parking garages will affect the biodiversity (it decreases). 

The introduction of invasive species can also change the biodiversity of an area.  The following examples 
are of invasive species and their impact on an ecosystem (and its biodiversity).      

Discussion question: 

What other things do you think might affect biodiversity? 
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Slide 7 – Invasive species in our natural ecosystems 

Invasive species are species whose introduction into an area does or is 
likely to cause economic harm (such as to a natural ecosystem or to 
agricultural systems) or harm to human health.   

For example, the emerald ash borer (Agrilus planipennis) is a beetle 
that is native to Asia. It was first detected in Michigan in the summer 

of 2002 and has since spread to 19 states (Connecticut, Illinois, Indiana, Iowa, Kansas, Kentucky, 
Maryland, Massachusetts, Minnesota, Missouri, New Hampshire, New York, North Carolina, Ohio, 
Pennsylvania, Tennessee, Virginia, West Virginia, and Wisconsin).  It is thought that they came in by 
accident on wood packing material made from ash trees in its native range.  

The adults average 0.5 inch (1.25cm) long and are metallic green in color.  The larvae reach about 1.5 
inches (4cm) long, are creamy white, and are somewhat flattened.  There segments look like a series of 
nested bells.    

The adults feed on the leaves of the ash trees (Fraxinus spp.) that grow here with very little damage to 
the tree itself.  However, its larvae burrow into the vascular tissues of the tree essentially starving the 
tree to death within a few years (vascular tissue carries food and water to all parts of the plant). The 
image above shows typical damage seen after an emerald ash borer infestation.  Millions of ash trees 
have already been killed and millions more will die because of this invasive insect.  

Discussion questions: 

1) What do you think will happen to the biodiversity of an ash forest if this happens?  

2) There are many ash trees planted in urban settings (parking lots, sidewalks, along roadways, in 
neighborhoods, etc.).  What will be the impact of this insect on the biodiversity found there?  
What organisms could be impacted? 
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Slide 8 – Invasive species in our natural ecosystems 

Another example is the Asian long horned beetle (Anoplophora 
glabripennis).  This species is also a native of China and was first 
detected in New York in 1996.  It then spread to areas in Illinois, New 
Jersey, Massachusetts, and Ohio.  It also probably came in accidently 
on wood packing material.  Because there are isolated detections of 
this pest, an eradication effort is underway.  As of September 1, 2013, 

this pest has been eradicated from Illinois and New Jersey, but populations remain in Ohio, New York, 
and Massachusetts (NAPPO September 2013).  

The adults range between 1 to 1.5 inches (25 and 35mm) in length with long antennae that is 2.5 times 
the length of the body in males, and 1.3 times the length of the body in females.  It is black with white 
spots.  The larvae average 2 inches (50mm) long, are creamy white in color, and quite round in profile. 

The larvae of this beetle tunnel into the tree where it feeds in the vascular tissues of the tree causing the 
tree to die.  It prefers maple (Acer spp.), but will also attack birches (Betula spp.), buckeye (Aesculus 
spp.), elms (Ulmus spp.), and willows (Salix spp.).    

Currently, authorities are working on eradicating this insect where it is found by removing all trees that 
are infested.  So far, thousands of trees have been cut down and either chipped or burned.    

Discussion questions: 

1) What do you think will happen to the biodiversity of a maple forest (birch forest or mixed 
hardwood forest to which all of these trees belong) if this insect is not eradicated?   

2) There are many maples, birches, buckeyes, horsechestnuts, or willows planted in urban settings 
(parking lots, sidewalks, along roadways, in neighborhoods, etc.).  What will be the impact of this 
insect on the biodiversity found there?  What organisms could be impacted? 
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Slide 9 – Invasive species in our natural ecosystems 

An invasive disease that is taking its toll on the oaks in the western 
U.S. is sudden oak death (SOD). Sudden oak death (also known as 
ramorum leaf blight or ramorum dieback) is an invasive disease that is 
caused by a water mold called Phytopthora ramorum.  Water molds 
look like fungi, but are actually more closely related to algae.  Though 
researchers are still determining the native distribution of this 

disease, evidence suggests that it is not native to either North America or Europe (where it has recently 
been found).   

Over 135 plants have been recorded as hosts for sudden oak death including many that are found in 
native forests, in the nursery trade, and in people’s yards. Though many plants, such as rhododendron, 
camellia, and viburnum can have the disease, but do not die from it, many others have no defense for 
this newly introduced disease and thus succumb to it. 

This disease can kill a tree in one to two seasons and causes leaf death or cankers (large, weeping 
wounds).  Spores that cause this disease are spread through rainwater, contaminated water, soil, and 
soil litter. 

Discussion questions: 

1) What do you think has happened to the biodiversity of oak forests in California?   

2) What do you think will happen to other oak forests elsewhere in the United States if this disease 
spreads?    

3) Do you see oak trees as you drive around town?  If so, what could happen to the biodiversity of 
organisms that rely on these oak trees? What organisms do you think could be impacted? 
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Slide 10 – Invasive species in our natural ecosystems 

Another invasive disease is laurel wilt which that is caused by a fungus 
(Raffaelea lauricola).  It is spread by an invasive beetle from Asia 
called the redbay ambrosia beetle (Xyleborus glabratus).  The beetle 
(and therefore the fungus that causes the disease) came into the U.S. 
most likely on wood packing material.   

The adult of this beetle is tiny (averaging just 1/32inch or 2mm in length) and brown.  You will probably 
never see this beetle, just the damage that it causes. 

This disease attacks mostly redbay trees found in the southeastern United States. These trees produce 
fruit that is a very important source of food for wildlife in the winter.  This disease also kills sassafras, 
swamp bay, pondspice, pondberry, camphor, and avocado.   

The adults tunnel into the tree, bringing with it the fungus which it grows in the tree for food.  This 
fungus then spreads throughout the tree and kills it.  It was first detected in Georgia and has since 
spread to Florida, North Carolina, South Carolina, and Mississippi.  Once infected, a stand of mature 
redbays can be completely killed in 3 to 5 years.  

There is currently no cure for the disease. 

Discussion questions: 

1) What do you think has happened to the biodiversity of a redbay forest in the southeastern United 
States?   

2) What do you think will happen to the avocado industry if this disease spreads to their trees?    
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Slide 11 - How are invasive species introduced? 

Most of the invasive pest and disease introductions that have affected 
our ecosystems have occurred through accidental or unintentional 
pathways.  In some cases, however, intentional introductions have 
occurred though the consequences of these introductions were not 
known at the time.  This is especially true of what we consider weedy 
plants.  We bring in plants for their horticultural or ornamental value, 

but once the plant became established in its new environment - that’s when its weed potential became 
known.  This is what happened with kudzu.  It was brought in as a forage crop for livestock and then 
used to help stabilize soil in the southeastern United States.  However, this plant quickly took over parts 
of the southeastern United States where it smothers trees and other vegetation with its sheer volume 
and coverage thus altering the ecosystem drastically.   

Accidental invasive species introductions have increased in recent years due to:   

1) increased international commercial trade of various plant-based commodities or products that could 
harbor plant pests (i.e. shipping and cargo coming in on planes) 

• For example, exotic plant pests can arrive on imported fruits and vegetable, nursery plants 
shipped from offshore locations, seeds, solid wood packing material, products made from plants 
such as decorative pine cones, and even ceramic tile (i.e. this was due to the packing and shipping 
method, not because the tile was composed of a plant product)  

2) human travel patterns in which unintentional hitchhikers are moved as people travel from place to 
place  

• For example, seeds, eggs of insects, etc. can come in on the muddy shoes you didn’t have time 
to clean and just threw in your luggage or maybe you brought back a souvenir made from the seeds 
or other parts of a local plant, etc.  

3) the intentional transport of plant propagation material and animals by private citizens that either 
are unaware of or ignore the regulations. 

• For example, perhaps you brought some fruit and nuts with you that you wanted to snack on 
later during your plane ride back to the United States or that you wanted to share with your friends 
back home or maybe you collected seeds from a really cool plant that you saw on vacation and 
wanted to plant it in your yard at home.                        

There are some species that we already know will present problems should they enter the United 
States.  In fact, USDA-APHIS-PPQ maintains a list of diseases and toxins known to cause problems 
elsewhere in the world that they feel will have a major impact on things like our food supply should they 
become established here (we will discuss a few of them later).  It is important to remember that most 
invasive insects are not a problem in their native range as they usually have predators or diseases that 
keep their populations in check.  It is when they are removed from these natural population controls 
that their own population grows out of control.  In addition, in their native range the plants or animals 
that would normally be impacted by these pests or diseases have evolved their own defense against 
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them over time thus mitigating their affects.  However, in a new habitat with a plant or animal that has 
no defense against them, an exotic pest or disease can have devastating affects.   

Discussion question:  Can you think of other ways that invasive species can come into the U.S.? 
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Slide 12 - Who monitors for invasive species? 

Many state and federal government agencies monitor for invasive 
pests and diseases as part of a national plant biosecurity program.  
This monitoring includes things like inspection of imports at shipping 
ports and airports by the Department of Homeland Security - Customs 
and Border Protection (DHS-CBP).  Only about 2% of all imports of 
fruits and vegetables are inspected though. DHS-CBP are also the 

people who ask you if you have brought in any fruits or vegetables from another country when you 
come back to the United States.   

While DHS-CBP can inspect almost everything that comes into the United States, United States 
Department of Agriculture - Animal and Plant Health Inspection Service – Plant Protection and 
Quarantine (USDA-APHIS-PPQ) retains the responsibility of inspecting all imported plants that are to be 
used for planting or propagation purposes.  They are also responsible for federal quarantines, 
regulations, and international trade issues.  

The Cooperative Agricultural Pest Survey Program (CAPS Program) is coordinated by USDA-APHIS and 
partners with the State Departments of Agriculture to serve as a second line of defense against entry of 
harmful plant pests and weeds through surveys targeted at specific pests. The CAPS program surveys for 
exotic species that may have arrived into the U.S. (maybe through imported commodities) but have not 
yet been reported or detected.  There is also a network of laboratories (usually at land grant 
universities) and scientists that are used to help identify possible exotic pests and diseases and to help 
send that information to others that are involved in plant biosecurity.  This network is called the 
National Plant Diagnostic Network.  

In addition, county extension agents, park or natural resource managers, private crop consultants or 
advisors, Master Gardeners, Master Naturalists, and other professionals aid in the detection of invasive 
pests and diseases that could affect our natural and human maintained ecosystems.       

You can also help by being observant and diligent and reporting any unusual pest or pathogen damage 
to your local extension agent.  They will know who to contact from there.   
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Slide 13 - What does plant biosecurity have to do with my pizza? 

The people who are involved with plant biosecurity are also 
concerned about invasive species that can harm the plants we grow 
for food (agriculture) or in nurseries (ornamental plants and plants 
used in the floral trade). 

Being able to grow our own food is very important to the health of 
our population.  According to choosemyplate.gov, adults should eat between 5 and 8 ounces (142 to 227 
grams) of grains everyday while children need between 3 and 7 ounces (85 to 198 grams) a day.  
Research has shown that a diet inclusive of whole grains reduces heart disease, diabetes, diverticular 
disease, and constipation.  Because having access to grains is so important in maintaining a healthy diet, 
the U.S. planted 59.17 million acres and harvested over 2.2 billion bushels of wheat in 2009-2010.   

Adults should also eat between 2.5 and 3 cups of vegetables everyday while children need between 1 
and 3 cups a day.  In addition, adults should eat between 1.5 and 2 cups of fruit everyday (children need 
between 1 and 2 cups a day) and 3 cups of dairy everyday (children need 2-3 cups a day).  Research 
shows that a diet that includes fruits and vegetables provides essential vitamins (such as Vitamin A, 
Vitamin C, and folate), minerals (such as Potassium and Iron), and fiber which reduces the risk of chronic 
diseases, strokes and coronary artery disease, and certain cancers. Research has also shown that a diet 
inclusive of dairy products reduces the risk of osteoporosis and high blood pressure.  

What about protein?  We get our protein from beans, meat, eggs, nuts and seeds, and fish.  
Choosemyplate.gov recommends adults eat 5 to 6.5 ounces of protein everyday (children need 2 to 6 
ounces per day).  Protein is an important building block of bones, muscles, cartilage, skin, and blood.  In 
fact, it is an important component of every cell you have.  

Because having access to fruit, vegetables, dairy products and protein is also important in maintaining a 
healthy diet, the U.S. planted almost 4 million acres and harvested over 60.4 billion pounds of fruits and 
nuts in 2008.  We also planted over 6.6 million acres and harvested over 128 billion pounds of 
vegetables in 2008.  In addition, we produced almost 177 million pounds of milk and almost 94 billion 
mounds of red meat and poultry in that same year.         

Discussion Questions: 

1)  Have you ever thought about where the local grocery store gets the food that you eat? 

2)  Have you ever thought about how much food we consume as a country? 
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Slide 14 – For example… 

So what do all those numbers mean to you? 

Let’s look at this in terms of a pizza.  It has pepperoni, spinach, bell 
peppers, onions, tomato sauce, and cheese on it (my favorite!) and 
the crust is made from wheat. 

In order for you to eat this delicious pizza, the U.S. produced 680 
million pounds of spinach in 2007 (which generated $164 million).  The U.S. also produced 1,468 million 
pounds (and $468,387,000) of green peppers, 7,963 million pounds (and $816,061,000) of onions, and 
almost 29 billion pounds (and $2,070,484,000) of tomatoes that same year.  In addition, the U.S. 
produced 21,962 million pounds of pork (some of which was used in our pepperoni) and 9777 million 
pounds of cheese in 2007.  The amount of wheat produced in the U.S. in 2007 was 2,051 million bushels.  

What other agricultural products would you add to your pizza?  Pineapple?  Canadian Bacon?  What if 
you wanted anchovies?  Where do they come from?   

However, as much as we produce, we also import food in order to feed our growing population.  The 
U.S. imported 21 million pounds of spinach, 1,371 million pounds of bell peppers, more than 902 million 
pounds of onions, 2,360 million pounds of tomatoes, 968 million pounds of pork, almost 355 million 
pounds of cheese, and 86 million bushels of wheat in 2007. 

Discussion questions: 

1) What could happen to the local food supply if we accidentally import an invasive pest or disease 
of these products when we import the product itself from another country?  

2) What if we accidentally introduce one when we try to bring in fruit or vegetables from another 
country when we travel?   
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Slide 15 - Invasive species that affect agriculture 

The brown marmorated stink bug (Halyomorpha halys) is an invasive 
species that was first detected in Allentown, Pennsylvania in 2001.  It 
is native to Asia where it is a known pest of many crop species 
including apple, cherry, fig, peaches, and pears as well as many 
ornamental plants.  No one is quite sure how this insect arrived in the 
United States.   

This insect averages 0.5 inch (12 to 17mm) long and has alternating light and dark bands on the 
antennae and along the outer edge of the body.  It has a long piercing, sucking mouthpart (indicated by 
the yellow arrow).  It uses its mouthpart to suck plant juices which leads to plant injury and decline, 
making the plant vulnerable to plant diseases.  When it feeds on fruit in particular, they cause such 
damage that the fruit cannot be harvested for you to eat. 

It has the potential to become a major pest of crops throughout the United States.  It has already caused 
problems with apple and peach production in 2010 in the Northeastern U.S.  The distribution of the 
brown marmorated stink bug in the U.S. continues to spread, but it is not yet considered established in 
every state.  Your local Cooperative Extension service would have more information in regards to this 
pest’s establishment.  

It also has a tendency to overwinter in your home which makes it a nuisance and it is called a stink bug 
because of the scent that it produces-it stinks.   

There were more than 2 million acres of fruit trees used in commercial production in the United States 
in 2009.  These trees produced over 59.6 million pounds (and almost $14 billion) of fruit.   

Discussion questions: 

1) What could be the impact on the fruit tree industry if the brown marmorated stink bug became 
established in the U.S.?   

2) Would you be upset if there were no apples, cherries, fig, peaches, or pears to eat?  What could 
happen if you did not have access to fig newtons or apple pie or peach cobbler or cherry garcia ice 
cream? 
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Slide 16 - Invasive species that affect agriculture 

Citrus greening is another example of an invasive disease.  It was 
recently detected in Florida (2005) that has now been detected in 
California, Louisiana, Georgia, South Carolina, and Texas.  This disease 
was already known to cause problems for citrus in Saudi Arabia, 
Central and South America, tropical and subtropical Asia, and the 
Caribbean basin.  It was on the USDA-APHIS-PPQ Select Agents and 

Toxins list before it was detected in Florida.    

Citrus greening is a bacterial disease (caused by Candidatus Liberibacter asiaticus) that is vectored (or 
transmitted) by an invasive insect, the Asian Citrus Psyllid (Diaphorina citri), which was detected in 
Florida in June 1998 and has spread to other states (California, Texas, Arizona, South Carolina, Georgia, 
Alabama, Mississippi, and Louisiana).  No one is sure how the disease and the vector were introduced 
into the United States, but it was most probably introduced by humans illegally bringing plants into the 
U.S.  It is a major pathogen of concern for all U.S. citrus-producing states (Texas, Arizona, California, and 
Texas) as there is currently no cure for the disease.  So far, the disease has not been detected Arizona; 
however, the vector of the disease is already established there.   

The disease degrades the phloem tissues of the tree (those that move food from the leaves to the roots) 
causing yellowing of leaves on the tree and rapid decline in plant health.  It also causes the fruit to be 
small, unevenly colored (stays green), and makes the juice of the fruit very bitter.   

The U.S. has more than 851,000 acres of citrus which produced almost 26 billion pounds and around 
$3.2 billion in the 2008 growing season.  In cases where citrus greening and its vector have gone 
unchecked, up to 95% of the trees became infected with a yield reduction of 30-100%.   

Discussion questions: 

1) Florida is the biggest citrus producer in the U.S. (responsible for 65% of all citrus produced).  What 
do you think the impact of this disease could be on you having access to orange juice or key lime 
pie, not to mention the crisp citrus scent of cleaning products?  

2) What do you think are the odds of the disease showing up in Arizona? 
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Slide 17 - Invasive species that affect agriculture 

An example of an invasive disease that has not become established in 
the U.S. (yet) is gumming disease.  It is currently on the USDA-APHIS-
PPQ Select Agents and Toxins list.  

This disease is caused by a bacterium (Rathayibacter toxicus) and is 
found in Australia and New Zealand and South Africa.  It affects mainly 

rye, but also other grasses that are typically used as forage for livestock. The disease is spread by 
infected seed and gall nematodes (Anguina spp. of which several species in this genus are found in the 
U.S.).  The bacteria produce corynetoxins (see the yellow tips in the right hand image) which are among 
the most lethal naturally produced poisons.  Animals that consume infected grasses or seed suffer 
neurological symptoms, toxicosis, and death.  Humans can also be impacted if they eat infected seeds or 
cereals or animals with the disease.  

The U.S. planted over 1.2 million acres of rye which produced 7.4 million bushels and around $39 million 
in the 2010 growing season.  Susceptible animals in the U.S. include the approximately 95 million cattle 
($73 billion beef industry and $35 billion dairy industry), 6 million sheep ($542 million in lamb and wool 
industry), and 9 million horses ($40 billion equine industry).  

The loss of human life is incalculable.    

Discussion question: 

1) What could be the impact on the livestock industry if gumming disease became established in the 
U.S.? 

2) What do you think might be the impact of this disease on our pizza? 
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Slide 18 - Invasive species that affect agriculture 

Potato wart disease is another example of a known disease that 
agencies and farmers are concerned about coming into the country.  It 
is also currently on the USDA-APHIS-PPQ Select Agents and Toxins list.  

It is caused by a fungus (Synchytrium endobioticum).  This disease has 
spread throughout the world through trade and is one of the most 

devastating diseases of potato.  It is found throughout Europe, large parts of Asia, parts of Africa, South 
America, and New Zealand.  There have been outbreaks in the U.S. (in Pennsylvania, Maryland, and 
West Virginia), but eradication was declared successful in 1974.  Because the fungal spores can persists 
for up to 40 years in the soil, you cannot replant potatoes in that field again for many years (after an 
infected crop) nor can the land have any crops planted on it that will be exported.  The primary method 
of spread of this disease is through infected seed potatoes or the movement of infect soil.   

The U.S. planted 1.02 million acres of potatoes which produced almost 40 million pounds and around 
$3.5 billion in the 2010 growing season. 

Discussion question: 

What could be the impact on the food you eat everyday if potato wart disease became established in the 
U.S. (i.e. what foods are made from potatoes)? 
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Slide 19 - What if someone introduced an invasive pest or disease on 
purpose? 

While most introductions of invasive pests and diseases are accidental 
or unintentional, the purposeful introduction of an invasive pest or 
disease with the intention of disrupting or destroying our food supply 
is viewed as an act of terrorism and is referred to as agroterrorism.  
Plant biosecurity is also concerned with agroterrorism. 

There have been several documented historical cases of agroterrorism that have occurred in the 20th 
century.     

For example, in World War I, Germany distributed bacterial cultures of Burkholderia mallei to 
undercover agents in an attempt to infect livestock being shipped to the Allies.  This bacterium causes 
glanders which is a contagious and fatal disease that affects horses, donkeys, and mules in particular, 
but can also be transmitted to other mammals, including humans (either through direct contact with 
infected fluids or by eating meat from an infected animal that has not been properly cooked).  The 
disease causes fever, chills, muscle aches, and sticky yellow discharge from nasal passages.  Infection of 
the blood, localized infections, pulmonary infections, and even chronic infection can occur with this 
disease.  In World War II, the Japanese forces used it and it has been suggested that this was also used 
against the mujahideen in Afghanistan in the 1980s (though this use was limited).  It is interesting to 
note that although no naturally occurring case of glanders has been seen in the U.S. since the 1940s, it is 
commonly seen in domestic animals in Africa, Asia, the Middle East, and Central and South America. 

Another example of agroterrorism involves anthrax which is a disease caused by the bacteria Bacillus 
anthracis.  In livestock, the disease usually results in the death of the animal within 1 to 3 days.  By the 
time the symptoms are seen, it is usually too late to save the animal.  This disease can also be spread to 
humans through direct contact with spores found in animal products and from eating infected animals.  
It has 3 forms: cutaneous, gastrointestinal, and inhalation.  Symptoms range from blisters (cutaneous 
anthrax) to nausea, bloody diarrhea, fever, and stomach pain (gastrointestinal anthrax) to cold or flu like 
symptoms (inhalation anthrax).  Anthrax is a naturally occurring disease that is somewhat common in 
tropical countries such as Africa, South and Central America, southern and eastern Europe, Asia, the 
Caribbean, and the Middle East.  It has also been seen occasionally in the United States.  The Germans 
also used this in World War I against the allies and their trading partners.  Japan used this disease 
against its enemies as well during World War II. The infamous Unit 731 conducted biological warfare 
research and human experimentations using these as well as other deadly diseases.         

Finally, Rinderpest is a viral disease that is highly contagious among cattle, domesticated buffalo, and 
some wildlife (it does not cause disease in humans).  It varies in severity from fever and sudden death to 
fever with congestion and nasal discharges, and lesions.  It was not a full scale problem in the Western 
hemisphere, but it was devastating to Europe, Africa, and Asia.   Japan was accused of using rinderpest 
against its enemies as part of the biological warfare research conducted by Unit 731 during World War 
II. Collaborative efforts have strived for global eradication of this disease. Through the advancing 
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technology of vaccines and international surveillance of the disease, it was announced that the Global 
Rinderpest Eradication Programme (GREP) successfully eliminated the disease on June 28, 2011 during 
the UN FAO Conference; the campaign ran from 1945 – 2011. This is the first animal disease to be 
eradicated, and the second disease overall to be eradicated in history (the first being smallpox).        

Discussion question: 

1) Remember that the U.S. has approximately 95 million cattle ($73 billion beef industry and $35 
billion dairy industry), 6 million sheep ($542 million in lamb and wool industry), and 9 million 
horses ($40 billion equine industry).  Do you think it was worth the effort to try to eradicate this 
disease? 
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Slide 20 - What if someone tried to destroy a crop on purpose? 

Germany was accused of dropping cartons of Colorado Potato Beetle, 
Leptinotarsa decemlineata, onto Southern England’s agricultural crops 
during World War II.  Colorado Potato Beetle is a major pest of potato 
and other solanaceous crops (such as tomatoes).  Germany apparently 
began a large scale breeding program in 1943 and conducted field 
research on deploying the beetle from aircraft over their own fields to 

see how well the beetle would disperse.  It did not seem to occur to them that they may be intentionally 
infecting their own fields as a result of their field trials.   

Introducing pests and diseases are not the only ways to disrupt food supplies.  In 1978, the Arab 
Revolutionary Council used mercury to poison Israeli oranges by rubbing it onto the skin of the fruit in 
an attempt to cause economic harm to Israel.  Twelve people got sick (including children in West 
Germany and Holland where the oranges where exported).  A 40% reduction in orange exports from 
Israel occurred.  It is important to remember that any type of terror, including agroterrorism, includes 
not only a human component, but an economic component.      

Although we often think of pesticides in terms of their benefits for pest control, they could also be 
potentially utilized as a weapon in agroterrorism.  In 1997, Israeli individuals in Gosh Etzion sprayed 
pesticides on grapevines in two Palestine villages.  Approximately 17,000 metric tons of grapes were 
destroyed causing economic hardship to that region.   
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Slide 21 - Crop Concerns – History or News? 

The outbreak of E. coli in Germany during the late spring and early 
summer of 2011 is an example of the impact that a disruption of the 
food supply can have.   

As of June 16, 2011, 39 people had died and 3300 people were 
sickened from contamination of vegetable sprouts.  The loss of human 

life cannot be measured, but the economic losses that resulted from this interruption in the food supply 
can be.  When Germany announced on May 26 that they suspected cucumbers from Spain as the culprit, 
export of Spanish produce ground to a halt (as did the consumption of the produce).  Some countries 
(such as Russia) even banned the importation of Spanish produce all together.  As the outbreak 
progressed, other countries (such as Russia) banned the importation of vegetables from all 27 European 
Union member states.   

Spanish exporters alone estimate that they lost $290 million a week.  While Germany announced that 
they were not sure about Spanish cucumbers being the culprit (May 31), people were still warned not to 
eat tomatoes, cucumbers, or lettuce.   

It wasn’t until June 10 that Germany identified vegetable sprouts grown in its own country and lifted its 
warning about consuming tomatoes, cucumbers, and lettuce.  Spanish farmers sought $301 million in 
compensation.  

Discussion questions: 

1) The disruption of the food supply in Germany was pretty bad, but can you imagine the disruption 
of the food supply for all the other countries that would normally import Spanish produce?   

2) How long do you think it will be before consumers are confident enough to eat their vegetables 
again?           

3) How long would it take for you to eat your vegetables again? 

4) What if this was an act of agroterrorism?  What do you think would be the impact?   
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Slide 38 - Review of Dichotomous Key Terms 

Grasshopper image: 

Note the head, thorax, and abdomen as well as the 3 pairs of legs and 
1 pair of antennae.  The head will have the antennae, mouthparts, 
and eyes.  The thorax will have the wings and the legs.  The abdomen 
will have the spiracles (holes in the exoskeleton for breathing – no 

lungs).   
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Slide 39 - Review of Dichotomous Key Terms 

Butterfly image:   

Note the 2 pair of obvious wings and the mouthpart that is curled like 
a party favor.  They have 1 pair of antennae that are slender (some 
have a hook at the end of their antennae).  

Moth image: 

Moths are chunkier, hairier, and have 1 pair of antennae (which is usually feathery in appearance).  They 
also have 2 pair of obvious wings. 

Dragonfly image: 

Note the 2 pair of obvious wings that are the same size and held straight out perpendicular to the body.  
They have huge eyes compared to the size of their head.  

Damselfly image: 

Note the 2 pair of obvious wings that are the same size and usually held straight (not folded) alongside 
the body.  They also have huge eyes compared to the size of their head.  

Fly image: 

Note the 1 pair of obvious wings (the second pair form the halteres) and V-shaped antennae.   

Ant image: 

Usually seen without their wings (only reproductive adults have them and they only fly a few times a 
year to establish a new colony somewhere else). They have 1 pair of antennae that are usually bent like 
an elbow.  The waist is narrow and sometimes threadlike.  

Wasp image: 

Note the 2 pair of obvious wings, the forewings being bigger than the hind wings.  They have 1 pair of 
antennae that are usually bent like an elbow.  The waist is narrow and sometimes threadlike.   

Bee image: 

Note the 2 pair of obvious wings, the forewings being bigger than the hind wings.  They have 1 pair of 
antennae that are usually bent like an elbow.  The waist is narrow and sometimes threadlike.   
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Slide 40 - Review of Dichotomous Key Terms 

Katydid and grasshopper images: 

Note the jumping legs, long slender antennae, and what looks like no 
obvious wings.  They are there, but hidden under a cover (which is the 
forewings).  

True bugs (form 1) images: 

Note the 1 pair of antennae and the long piercing, sucking mouthpart that begins at the top of the head.  
Also note the “X” on the backs of the mature true bugs (they don’t get their wings until they are adults).  
This “X” shape is formed from their forewings being modified and leathery at the base, but membranous 
at the tip.  They are folded on the back and it forms the “X” shape.  Their hindwings (which they fly with) 
are located underneath. 

True bugs (form 2) images: 

Note the 1 pair of antennae and the short piercing, sucking mouthpart that begins at the bottom of the 
head.  Their forewings are also rather leathery at the base and, membranous at the tips.  They hold their 
wings rooflike over their body.   

Beetle images: 

Note the 1 pair of antennae and the modified forewings that form a hard shell-like covering over the 
hindwings which are folded up underneath.  The modified forewings form a line down the middle of 
their back.  

 

 


