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	Environment
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	Develop knowledge of critical ecological processes that are fundamental to understanding why and how to implement sustainable environmental practices.
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	By the end of the Ecological Foundation of Sustainable Development training session, participants will be able to describe the major ecological processes that are the foundation of sustainable environmental practices and will be prepared to effectively incorporate this knowledge in their work.

	
	
	

	
	
	

	Session Rationale: 
	
	Environment sector Volunteers need to be familiar with major ecological processes so they can understand sustainable environmental practices: why they are sustainable, why they are essential to adopt, and how to explain and adapt them to their communities of service.
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	Session: The Ecological Foundation of Sustainable Development

	Date: 
	Time: 
	Trainer(s): 

	Trainer preparation:

1. You have different options to choose from in presenting this session and the second session, Global Environmental Issues. You can request and encourage (but not require) invitees to work on activities before arriving in-country or you can do each session during PST. Please read through this session and the Global Environmental Issues session before you make your decision. 
2. Assign homework either during pre-departure or one week prior to the session.
· Pre-departure: There are two options for assigning pre-departure homework to invitees. 

· Option 1: Review of ecological concepts and/or ecology quiz only.

· Option 1A: Review ecological concepts ONLY and take quiz during PST as a group activity.

· Option 1B: Review ecological concepts AND take quiz as a pre-departure activity.
· Review the material in Trainer Material 1 and send the email provided as Trainer Material 2 to the invitees, inviting their participation for either 1A or 1B.
· Option 2: Review of ecological concepts and/or ecology quiz (option 1A or 1B above) AND global environmental issues presentation assignment (recommended option). 
· If you want to ask invitees to also prepare their global environmental issues presentations pre-departure (described in the Global Environmental Issues session), review Trainer Material 1 and send the email provided as Trainer Material 3. 
Post Adaptation:
Feel free to revise either of the emails as you see fit or to send a different email written in your own words. Send the letter as soon as you learn who the invitees are to give them as much time as possible to review the materials. 

· During PST: If you choose to carry out the entire session during PST, assign the Ecology Quiz (Handout 1), Ecology Fact Sheets (Handout 4), Ecology Web Resources (Handout 5), and List of Ecology Concepts to Review (Handout 6) during the first few days of training. How you choose to cover the material in this session will determine when you distribute the reading assignments. 
3. If you would like to brush up on your ecological knowledge, review Trainer Material 6 for a list of the best Web resources to review.
4. Post Adaptation: Consider inviting a knowledgeable ecologist, perhaps a teacher at the local university or an employee of an environmental ministry or an NGO working in the country, to augment the final part of this session or to inform about a local Ecosystem Puzzler example.
Materials:
· Equipment
1. Flip charts
2. Markers 
3. Ball
4. Notebooks for Community Nature Survey; one per participant

· Handouts
Handout 1: Ecology Quiz
Handout 2: Ecosystem Puzzlers 
Handout 3: Community Nature Survey Assignment 
Handout 4: Ecology Fact Sheets  
Handout 5: Ecology Web Resources
Handout 6: List of Ecology Concepts to Review
· Trainer Materials
Trainer Material 1: Instructions for Pre-Departure Assignment Options
Trainer Material 2: Sample Invitee Letter—Ecology Only Pre-Departure Activities
Trainer Material 3: Sample Invitee Letter—Ecology AND Global Issues Pre-Departure Activities
Trainer Material 4: Ecology Quiz Answer Key
Trainer Material 5: Ecosystem Puzzlers Answer Key 
Trainer Material 6: Web Resources for Trainers


	Session Learning Objectives: 

1. Each participant will describe the major ecological processes discussed in the session as they review answers to the Ecology Quiz.

2. In small groups, participants will apply ecological processes to sample ecosystems to determine impacts that organisms have on each other.


	Session Knowledge, Skills, and Attitudes (KSAs): 

· Describe fundamental ecological processes that will be applicable to the Volunteers’ assignments (K)

· Apply ecological processes to sample ecosystems to determine impacts that organisms have on each other (K)

· Describe the natural history of common plants and animals in the country, what people call them, and what they know and think about them (K)

· Be able to identify some common plants and animals found in the country (S)

· Be inspired to learn more about the natural heritage in their communities and in the country (A)



	Phase / Time /
Materials
	Instructional Sequence

	Motivation

20 minutes 

Ball

Flip chart paper, markers
	Sharing Environmental Backgrounds

As the first session in the Global Environment sector starts, it is important to begin building a sense of shared purpose with the training participants. By discovering where participants find their motivation, you are not only grounding participants in a self-reflection of their environmental journey, you are also exposing participants to diverse ideas and strategies that may work in their communities. 
1. Begin by saying “You have an important assignment here in [host country]. You will be helping and encouraging our citizens to adopt sustainable environmental practices. As you know, we all need to do this or our children will inevitably inherit a world that is diminished in many different ways. The existence of those living things that share the planet with us will be threatened as well.

“To do this work, you will need to be familiar with the environmental issues we are confronting in [host country]: why they are a problem, what their impact is, and how we can resolve them. But to truly understand them, you need to have a foundation of ecological knowledge. This is so important that we are going to try to ensure that you have this foundation. Let’s begin by sharing a little bit about you. You will be a team, so it’s vital that we get to know each other better.”
2. Ask participants to stand up and form a circle.

3. Tell them, “As I toss the ball to you, please share your particular environmental interests and concerns and what influences and experiences were important in forming them. After you answer, you can toss the ball to whomever you wish.” Take no more than 15 minutes for this activity. Be sure that every participant gets the ball.
4. As people share, summarize their statements on two separate flip charts: one for environmental concerns and the other for attitude-forming experiences.
Note:
1) For environmental interests and concerns, possible responses include: climate change, human population growth, endangered species, worldwide hunger, hiking, wilderness preservation, bird-watching, etc.
2) For significant attitude-forming experiences, possible responses include: summer camp, hiking and camping with friends or family, an inspiring teacher in secondary school or college, an inspiring book or lecture, family traditions, travel opportunities.

5. Hang the flip charts on the wall for display. Be sure to save them after the session. You will use them at the end of the Local Environmental Issues session. 

6. At the end of the exercise say, “We will return to these lists and together explore how we can best match your interests and skills to the needs of the communities you will be serving, for the maximum benefit of both you and the communities. I would recommend for now that you keep your mind open as we proceed. It is frequently the case that Volunteers develop new interests and concerns based upon their experiences and that they discover skills and abilities they didn’t know they had.”


	Information

50 minutes

Trainer Material 2: Sample Invitee Letter—Ecology Only Pre-Departure Activities
Trainer Material 2: Sample Invitee Letter—Ecology and Global Issues Pre-Departure Activities
Handouts 1: Ecology Self-Assessment
Handout 4: Ecology Fact Sheets
Handout 5: Ecology Web Resources (optional)

Handout 6: List of Ecology Concepts to Review
Trainer Material 4: Ecology Quiz Answer Key
Trainer Material 1: How to Use this Session as a Pre-Departure Assignment
Trainer Material 6: Web Resources for Trainers
Trainer Material 4: Ecology Quiz Answer Key
Handout 4: Ecology Fact Sheets
Handout 5: Ecology Web Resources (optional)

Handout 6: List of Ecology Concepts to Review
Trainer Material 6: Web Resources for Trainers

	Review of Ecological Processes 

Environmental Volunteers need an understanding of ecological principles. Coming from different schools and majors, there may be great variance in the knowledge that participants come with, or that they have recently used. Reviewing the fact sheets and/or websites provided in this section, and testing their knowledge with the quiz, is a time-efficient way for participants to cover this material.
As mentioned above, you have several options to choose from in implementing this activity.
If you have decided to begin at the pre-departure stage:

1. Send the invitees a letter requesting their participation (Trainer Material 2 and Trainer Material 3 offer two templates you can use or adapt), along with Handouts 1, 4, 5, and 6. Ask the invitees to review the material in Handouts 5 and 6 before arriving in [country].
2. Ask the invitees to take the quiz (Handout 1) to test their knowledge. Have them review their answers with the answer key (Trainer Material 4). 
3. When they arrive in-country, you can go over the assessment and see if anyone has any further questions.
4. Alternatively, you can ask the invitees to just review the information on Handouts 4, 5, and 6 before arriving in your country. They will then take the quiz during PST, as described below.
Note:
See Trainer Material 1 for more tips on how to implement this activity during pre-departure.

If you have decided to begin this activity during PST:

1. At the beginning of PST, distribute to the participants Handouts 4 and 6, and, if they have Internet service, Handout 5. If they do not have Internet service, print the information sheets provided on Trainer Material 6 and distribute them. Give the participants several days to review these materials. 
2. After the participants have had time to review the information, reassemble the participants and organize them into groups of 2-3. Give each group Handout 1. Say, “We are not going to grade this quiz, so please don’t feel threatened by it! We are simply trying to provide you the opportunity to learn this information as effectively and efficiently as possible. We hope you enjoy reviewing and mastering this material.” Provide 25 minutes for them to work together filling it out. 
Note: 
1) If participants have reviewed the material as a pre-departure assignment, you can begin this activity here.
2) You may prefer to eliminate the physical science review section of this quiz. It is intended to give participants a chance to review physical science concepts that will help them understand ecological concepts and environmental issues; it is not intended to intimidate them or train them to become chemistry teachers. For example, if participants are going to understand global climate change, they need to know the carbon cycle, and therefore they would benefit knowing what carbon is and that it can change its properties depending on the compound to which it belongs.
3) Post may want to add questions to the quiz to prepare participants for specific post assignments.
3. At the end of the time, ask participants to stop working. Say, “Now we are going to review the answers. If at any time you have questions, please ask and together we’ll try to address them. Let’s go over it now.”
4. You can either read the answers off Trainer Material 4 or you can copy and paste Trainer Material 4 so that it’s easy to project on the screen. If participants disagree or have a question, ask a participant who answered the question correctly to explain the topic.
Note: 
1) If, after the discussion, participants still have significant trouble with any of the questions, you can offer the opportunity to look over the relevant background material again and revisit the questions during a later session. 
2) This activity serves as an assessment for Learning Objective 1. 

5. An alternative way of presenting this session would be to ask the participants to write their own quiz. After giving them time to review the study materials (Handouts 4-6, Trainer Material 6), organize them into four groups. Assign an ecology theme (nutrient cycling, energy flow through ecosystems, how living things are connected, and niche/carrying capacity) to each group and ask each to come up with 3-5 questions to ask the others. Give them 15 minutes. Once they are done, write the questions on flip chart paper and have the entire group work together to answer them. The group responsible for each set of questions can explain their answers. 
6. Wrapping up, ask “Why is understanding these ecological processes important for your work here?”
Note: 
1) Possible answers include: sustainable behavior has to be consistent with ecological processes; knowledge of ecological principles enables you to recognize sustainable and non-sustainable activity; ecological knowledge enables you to understand the significance of, and reasons for, your work assignments; you might be teaching ecological concepts to the youth and adults you will be working with; ecological knowledge enables you to understand major global environmental issues.
2) Supply these answers if participants do not suggest them.


	Practice

30 minutes
Handout 2:

Ecosystem Puzzlers

Trainer Material_5: Answer Key to Ecosystem Puzzlers

	Ecosystem Puzzlers

Participants use their ecological understanding to make predictions about interrelationships in some real-life ecosystems with which they may or may not be familiar. Building this skill will enable them to look for interrelationships in the new ecosystems of their host country. 

1. Organize the participants into pairs and give each pair Handout 2, which lists three examples that illustrate how living things can be interconnected in nature and what can happen when one member of an ecosystem is removed.
Post Adaptation:
If there is a complex example of a complex local ecosystem where organisms are dependent on each other, write it up and use it as one of the examples.

Note: 
This exercise could also be done as a group exercise with a small group. You would divide them into three groups and give each group one example. Groups would need to share their discussion if everyone is to hear each example. 

2. Give each partner group about 15 minutes to answer the ecosystem puzzler questions. Encourage them to illustrate their thinking about food chains if they prefer. Once they are done, go over the answers using Trainer Material 5. 
Note: 
1) Participants could also draw diagrams on flip chart paper that could be displayed and explained more easily.
2) This activity serves as an assessment for Learning Objective 2. 

3. Ask the participants how these examples might be relevant to their work. Hopefully participants cover the following topics in their answers:

Note: 

Possible Responses: If they do not mention these points, mention them yourself.

· They demonstrate that living things are interconnected in ways that are often subtle and not easily perceived by humans. 

· Interfering with these relationships can have significant, unpredicted consequences. 

· It is important to preserve not only large charismatic plants and animals, but also “bugs and weeds.” 

· Increasing people’s appreciation of the necessity of preserving biological diversity might become a focus in one’s work.



	Application

10 minutes
Notebooks for Community Nature Survey 

Handout 3: Community Nature Survey Assignment 
	Natural History in Your Community/Nature Journaling

Participants will explore their training community and note and describe in a notebook the plants and animals that they discover.

1. Give each participant a small notebook and Handout 3. Emphasize that your country has a lot of interesting and unusual plants and animals as part of its natural heritage. Say, “Being able to notice, name, and recognize some of these plants and animals and knowing something about their natural history may be useful information for you in your assignments, especially if you work with kids. Being familiar with these will also teach you something about the attitudes and beliefs of the people in [host country], and it may enrich your experience here. It will also give you some opportunities to practice your language skills and to get to know the people in your communities.”
2. Ask each participant, in the next week, to explore their training community and note any plants and animals that stand out. They can record any observations and sketch them if they prefer. They can also bring in specimens of plants, especially with flowers and fruits, and small invertebrates. Handout 3 will give some tips on what to look for and what to record in the notebook. Encourage them, when they locate an interesting organism, to ask community residents about it: its name, how you identify it, what it’s used for, whether people think it’s beneficial or harmful, and whether it might have any economic, medicinal, religious, or spiritual significance. 

3. To enrich the participants’ language mastery, share Handout 3 with your LCC and/or LCFs. Ask them to compose some questions in the language the participants are learning that they can use when asking people about the training community natural history. The LCC and LCF may have other ideas how they can coordinate with this activity.

4. During the Motivation section of the Local Environmental Issues session, you will ask the participants to share what they have learned. You will then follow up with any ideas for locating sources of information that participants can consult to learn more about your country’s natural history (i.e., publications, institutions, local experts, experienced Volunteers, knowledgeable people).


	Assessment


	Learning Objective 1: Assessed during the information part of the session when participants discuss the answers to their quizzes.

Learning Objective 2: Assessed in Practice when participants describe how the living things in the examples provided are connected with each other.



	Trainer Notes for Future Improvement
	Date & Trainer Name: [What went well? What would you do differently? Did you need more/less time for certain activities?]


Resources: 
Volunteer’s Guide to Community Entry: Learning Local Environmental Knowledge [ICE No. M0071].
	Handout 1: Ecology Quiz


Name: ________________________________________________________________________

Country of assignment: __________________________________________________________ 
Estimated date of departure: _____________________________________________________
Date assessment completed: _____________________________________________________
I. Preliminary Physical Science Concepts (Optional)
1. Using the periodic table (found at the end of the quiz), please state the number of protons and neutrons found in the typical atom of:

Protons
Neutrons

A.  Carbon:
P: _______
N: _______
B.  Gold:
P: _______
N: _______
2. Please give the Atomic number, Atomic mass, and the Mass number of the following: 

Atomic number
Atomic mass
Mass number

A.  Calcium:
AN: _______
AM: _______
MN: _______
B.  Platinum:
AN: _______
AM: _______
MN: _______
3. The distinguishing difference between elements is the number of _______ they have.
A. Electrons
B. Protons
C. Neutrons
D. B and C
4. The elements in the glucose molecule C6H12O6 will ______:
A. Change their properties when forming new compounds
B. Exist forever in the absence of a cataclysmic fusion event
C. Change the quantity of subatomic particles in their nuclei on a regular basis
D. Can expect to make new compounds on unusual occasions
E. A and B
F. A and C
5. Please indicate whether the following are physical (P) or chemical (C) changes:
_____
A. 
A nail rusting
_____ 
B.
A nail melting
_____
C.
Ice melting
_____
D.
A plant taking in water and carbon dioxide to produce oxygen and sugar through 



photosynthesis

_____
E.
Breathing in oxygen and breathing out CO2 
_____
F.
Dissolving sugar in a cup of coffee 
_____
G.
Digesting the coffee 

II. Nutrient Cycles
1. Please label each description with a C, an N, or a P to indicate whether it refers to the Carbon cycle, the Nitrogen cycle, or the Phosphorus cycle. 
A. _____
Special bacteria attached to the roots of legumes pull this out of the air
B. _____
This element is never found as a gas in the atmosphere
C. _____
Over 75 percent of the Earth’s atmosphere consists of this element
D. _____
Released by aerobic decomposers into the atmosphere
E. _____
Released by anaerobic bacteria into the atmosphere
F. _____
Burning coal releases this into the air
G. _____
Forms a mild acid when chemically combined with ocean water
H. _____
Burning rainforests release this into the air
I. _____
Plants suck this nutrient out of the atmosphere to make glucose
J. _____
Animals breathe this nutrient into the atmosphere when they respire
K. _____
Breathed in and stored by plants 200 million years ago, this nutrient is 



now being released from its “prison” and escapes into the air
2. _____ Nitrogen and phosphorus pollution create aquatic “dead zones” by:

A. Creating algae blooms that, when they die, create population increases of decomposing bacteria
B. Creating algae blooms that suck oxygen out of the water through photosynthesis
C. Poisoning aquatic animals with an overdose of these nutrients
D. Poisoning aquatic plants with an overdose of these nutrients
E. Preventing sunlight from reaching submerged aquatic vegetation
F. B and C
G. A and E

3. _____ Toxins in an ecosystem:
A. Can be expected to be concentrated in plants at the base of the food pyramid
B. Can be expected to be concentrated in plant-eaters
C. Can be expected to be concentrated in carnivores at the top of the food pyramid
D. Are equally concentrated throughout the food chain
E. Can be expected to be broken down by decomposers before concentrating in plants and animals anywhere along the food chain
III. Energy Flow Through Ecosystems
1. Please fill out the spaces with the letter that corresponds with the correct form of energy.
Choose from:

	A: Kinetic
	B: Light or Electromagnetic
	C: Heat
	D: Chemical
	E: Nuclear


The sun releases _____ energy in its core through the fusion of light elements, mainly hydrogen and helium. The energy migrates to the sun’s surface as _____ and _____ energy and out into space as _____ and _____ energy. It enters the Earth’s atmosphere; then photosynthetic organisms absorb the _____ energy in the glucose molecule, preserving it as _____ energy. An animal eats the plant, storing the energy as _____ chemical energy. When the animal releases the energy from its food and uses it, it transforms the energy to _____ energy. 
2. _____ Energy and nutrients move through ecosystems in the following way:
A. Energy is destroyed through its passage through the ecosystem
B. Nutrients do not recycle; energy does
C. Energy does not recycle; nutrients do
D. Both energy and nutrients recycle through ecosystems
E. Both energy and nutrients need to be constantly replenished because both are lost as they circulate though ecosystems.
3. _____ It makes ecological sense for an impoverished, crowded country to be largely vegetarian because:
A. Comparatively little energy is available in a piece of meat because so much has been lost moving through the food chain.
B. You can feed more people with plants than you can with meat because the animals you eat have used up a lot of plant energy for themselves.
C. It takes a lot of work to raise animals; it’s easier to grow vegetables.
D. A pound of plant material typically has more energy than a pound of meat.
4. _____ Fifty mice eat from a farmer’s garden, but are then eaten by a fox which, in turn, is eaten by a wolf. Approximately what percentage of the original energy in the garden is now residing in the wolf?
A. 10 percent
B. 1 percent
C. 0.1 percent
D. 0.01 percent
5. _____ Which of the following statements is true?
A. There is always more prey in an ecosystem than their predators.
B. There is always more prey biomass in an ecosystem than predator biomass. 
C. There are fewer meat-eaters in an ecosystem because it’s harder to catch prey than it is to find plant food.
D. Whether there is more prey or predator biomass in an ecosystem depends on the ecosystem.
E. When a natural habitat is reduced in size, the first animals to disappear are usually large plant-eaters. 
6. _____ Would you expect more clouded leopards per square mile living in a national park in Thailand or more snow leopards living in a national park in the Nepali Himalayas?

A. You would expect more clouded leopards because their tropical habitats contain more plant energy.
B. You would expect more clouded leopards because they can hide more effectively from poachers.
C. You would expect more snow leopards because more prey is available to them.
D. You would expect more snow leopards because their habitat is more remote.
IV. Living Things are Connected in Many Vital Ways
1. _____ A red, scentless flower is most likely pollinated by:
A. A bat
B. A bird
C. A bee
D. The wind
E. A fly
2. _____​ Evidence that a plant’s pollinator is extinct would include:
A. The plant dying
B. The plant’s fruit lying on the ground
C. The plant’s flowers lying withered on the ground
D. An increase in the honeybee population filling the empty niche
E. The plant changing its pollination strategy
3. _____ Evidence that large fruit-eating mammals have been hunted out of an ecosystem might include:
A. Plant reproduction increased due to reduced predation
B. Plant reproduction decreased due to reduced animal waste fertilizer
C. Large fruits piled on the ground under the parent plant
D. More large fruits germinating because of reduced predation
E. The plant’s flowers lying withered on the ground
4. _____ Hay fever is most likely caused by pollen from:
A. A yellow flower
B. An ill-smelling brown flower
C. A tiny flower without any petals
D. A large, white, tubular flower
E. A white, sweet-smelling flower
5. _____ A nut is most likely dispersed by:
A. A bird
B. An arboreal mammal that defecates it away from the parent tree
C. A rodent that buries the nut for future consumption
D. A large, hoofed, herbivore
E. Gravity
6. _____ If an insect is bright red, it is most likely because:
A. It is warning predators that it is poisonous
B. It is trying to attract a mate
C. It is trying to camouflage itself
D. It is nocturnal
7. _____ To find compounds in nature that might be useful in making human medicines, you should first investigate:
A. Plants with spines
B. Brightly-colored birds
C. Plants with brightly-colored flowers
D. Brightly-colored, slow marine creatures like sponges and sea cucumbers
E. Primates
8. _____ An animal or plant can be considered a keystone species if it:
A. Is a large predator at the top of the food chain
B. Makes homes, like burrows, for a host of other animals
C. Provides fruit during times when few plants are fruiting
D. Defining the makeup of plant communities through selective predation
E. A and C
F. All of the above
9. _____ Soil fauna, ranging from burrowing rodents to earthworms, insects, assorted arthropods, and bacteria are:
A. Vital to soil because they recycle nutrients from dead leaves and other organic matter
B. Vital to soil because they maintain its texture, oxygenating it and allowing it to retain water
C. Vital to soil because they stir up the soil, mixing nutrients from decaying organic matter and decomposing bedrock
D. Vital to soil because they recycle energy back to the plants
E. Vital to soil because they recycle carbon back into plant roots
F. All of the above
G. A, B, and C
10. _____ Biologists studying a 5,000-hectare national park in Paraguay found no evidence that any large predators like jaguars and ocelots were still there. What do you think they also discovered?

A. A large, healthy population of monkeys
B. Few birds because of predation by medium-sized mammals like opossums
C. Diverse population of birds due to a lack of predators
D. An explosion of poisonous snake populations
E. No real impact because large herbivores had also been hunted out
V. Niche, Carrying Capacity, and Limiting Factors
1.  _____ Two animal species that have identical niches:
A. Cannot exist in the same location for long
B. Will shape the ecosystem through their interactions
C. Can coexist by parceling out the ecosystem’s resources
D. Can double the pressure on prey species
2.  _____ An example of a density-dependent limiting factor is:
A. A natural disaster, such as a volcanic eruption
B. A severe storm
C. Epidemic disease
D. Immigration of individuals from outside the ecosystem
3.  _____ An example of a density-independent limiting factor is:
A. Food
B. Shelter
C. Fire
D. Space
4.  _____ When a population of animals exceeds the carrying capacity of its environment, all of the following can be expected to happen, except:
A. Density dependent limiting factors reducing their numbers
B. The animals damage their environment, thereby lowering its carrying capacity
C. The animals are forced to emigrate into marginal habitats
D. The animals are forced to evolve into different niches
E. Birth rates fall
5.  _____ All of the following are true about human beings, except:

A. Humans do not exceed their environmental carrying capacity because they are so adaptable
B. The evidence showing that an animal species has exceeded its carrying capacity is similar to evidence that a human population has exceeded its carrying capacity
C. A population of humans can increase the carrying capacity of its environment through application of new, appropriate technology
D. A population of humans can increase the carrying capacity of its environment by expanding the area on the planet where it obtains natural resources 
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	Handout 2: Ecosystem Puzzlers


Assignment: 
Please try to predict how living things are connected in the following ecosystems. Feel free to use diagrams to illustrate your thinking:
Example 1: Alaskan marine ecosystem
The players:
· [image: image2.png]


Sea otter: Lives in Pacific Northwest coast from California to Alaska, mainly in kelp beds. Feeds on shellfish and sea urchins. 
· [image: image3.png]


Kelp: Seaweed that can grow several hundred feet long, forming underwater “forests,” which are key habitats for a range of fish, shellfish, and other marine creatures. 
· Sea urchins: Spiny invertebrates that feed on algae, including kelp.
[image: image4.jpg]



· Bald eagles: Huge predatory birds that feed chiefly on dead and dying fish.
[image: image5.jpg]



· Killer whale: Top ocean predator, feeding on seals, sea lions, fish, even large whales.
[image: image6.jpg]



· Steller’s sea lion: Huge marine mammal, with males reaching one ton in weight; feeds on large fish.
[image: image7.emf]
· Pollock: Large fish, an important sea lion food source.
[image: image8.emf]
What do you think happened to the ecosystem when people overfished the pollock?
Assignment: 
Please try to predict how living things are connected in the following ecosystems. Feel free to use diagrams to illustrate your thinking:
Example 2: Yellowstone National Park
The players:
· Elk: Large herbivores, favoring specific plants to browse, especially aspen and willow trees.
[image: image9.emf]
· Cutthroat trout: Live in cold, shaded streams.
[image: image10.emf]
· [image: image11.emf]Grizzly and black bears: Both eat a wide range of plant and animal foods; will scavenge animal carcasses.
· Beavers: Live in streams, build lodges and dams with branches, and eat willow and aspen bark.
[image: image12.emf]
· Otter and mink: Live in streams; feed on fish.
[image: image13.emf]
· [image: image14.emf]Coyotes: Mid-sized members of dog family; feed on small animals and ground-nesting birds, such as grouse, also scavenge carcasses.
· Migratory birds: Feed on a range of seeds and insects; nest in trees and shrubs.
[image: image15.jpg]



· Raven and magpie, golden and bald eagles: In winter, will scavenge carcasses. 
[image: image16.emf]
· Gray wolf: Top North American predator, capable of feeding on large, hoofed animals such as deer, elk, wild sheep, and bison. Historically a member of the Yellowstone ecosystem, but was persecuted and all were gone from the park by the 1930s. Reintroduced to the park in the 1990s. 
[image: image17.emf]
What impact do you think the re-establishment of wolves in Yellowstone had on the aforementioned creatures? 

Assignment: 
Please try to predict how living things are connected in the following ecosystems. Feel free to use diagrams to illustrate your thinking.
Example 3: Central American Cacao Plantation
The Players:
· Hymenaea courbaril: A tall tree of the legume family; produces large, white flowers which, when pollinated, produce seeds in large, hard pods that do not open on their own. 
[image: image18.emf]
· Agouti: A cat-sized rodent that feeds on Hymenaea seeds, which it accesses by gnawing open the pods. Frequently buries the seeds to store them for later consumption. 
[image: image19.emf]
· Peccary: Pig-like mammal that gnaws open Hymenaea pods to get seeds; roots around in the soil and wallows in forest floor, creating indentations that hold water. 
[image: image20.emf]
· Liomys mouse: Feeds on Hymenaea seeds, but cannot open the pods. 
[image: image21.emf]
· Margay cat: Small, spotted cat that feeds on small animals. 
[image: image22.emf]
What impact could the removal of the agouti have on forest bats, frogs, and predators like the margay cat?

[image: image23.emf][image: image24.emf][image: image25.emf]

	Handout 3: Community Nature Survey Assignment 


In the coming week, please conduct a brief nature survey of your community. As you move around the community, please note any plants and animals that catch your attention. Consider:

· Vertebrates, such as birds, small mammals, frogs, snakes, and lizards
What color, shape, and size is the bird? What is the song of the bird or frog? Where is the animal in its habitat (on the ground, on a tree trunk, flying overhead, in the tree canopy)? What is it doing?
· Invertebrates, such as butterflies and moths, bees and wasps, beetles, spiders, millipedes, and scorpions
What color and size is the animal, is it making a noise, what is its habitat, is it active day or night, what is it doing?
· Trees
What do its leaves and bark look like? What is its shape? Does it have any flowers or fruit?
· Flowering plants
What do the flowers look and smell like? What kinds of insects and other animals are living on the plant and visiting the flowers? What fruits does it produce?
Supplement your observations with input from the community residents. Take advantage of any opportunities you have to ask people about the plants and animals you find. They may be able to tell you, for example:

· The local name of the plant or animal
· Whether it is common or rare
· Whether it is welcome in the community or considered a pest or dangerous
· Whether it has any medicinal uses
· Whether it has any religious, cultural, or spiritual value
Record any information you can in your notebook, feeling free to sketch what you see. Also, feel free to collect leaf and invertebrate samples. In a future training session, we will invite you to share your discoveries with the rest of the group. We hope you enjoy this experience and find it worthwhile.

	Handout 4: Ecology Fact Sheets 


How Eutrophication Works

1. Nitrogen and phosphorus wash from the land into the water. This is a natural process, but humans put too much of these nutrients into water. The nutrients can come from such sources as:
· Poorly treated sewage
· Fertilizer
· Soil erosion
· Manure from livestock
2. The excess nitrogen and phosphorus cause algae growth to explode dramatically because both substances are natural fertilizers. The algae float on the surface of the water.
3. The algae prevent sunlight from reaching submerged aquatic vegetation (SAV) growing on the bottom. Suspended dirt, sewage, and other barriers also make the water murky, blocking even more sunlight.
4. The SAVs die, causing the animals that depend on them for shelter and food to disappear as well.
5. When the algae die, they fall to the bottom. Decomposers, namely bacteria, begin to eat them. There is so much food (the dead algae) that the populations of bacteria explode.
6. The bacteria respire, just like other living things. That means they inhale oxygen and exhale carbon dioxide. With the excess of dead algae, so many bacteria congregate and respire that they suck most of the oxygen out of the water. Other aquatic animals, such as fish, oysters, clams, and crabs, die from suffocation. 
7. The water becomes empty of life, except for algae and bacteria. This process is happening in waterways around the world. 
Energy Through the Food Chain

Food Pyramids

1. Food Chains

Food chains illustrate what eats what. They also illustrate how energy travels here on Earth. 
· Food chains begin with the sun.

· Plants (called producers because they “produce” usable energy for the rest of us) trap sun energy.

· Animals (called consumers because they “consume” the plant energy) gain access to that energy by eating the plants (primary consumers).

· Some animals gain access to the energy by eating other animals (secondary consumers).

· Then (decomposers), such as bacteria and fungi, break down dead plants and animals, which helps to recycle carbon, nitrogen, and phosphorus back into the ecosystem.
2. Energy flow through the food chain
To review: Nuclear energy is released in the depths of the sun when the hydrogen and helium atoms found there fuse because of great heat and pressure. This energy becomes heat and light energy. It travels to the surface of the sun, then radiates out into space. Ninety-three million miles later, a fraction of this energy hits Earth. A fraction of this energy is captured by plants and a few other living things through the process of photosynthesis. It is stored as chemical energy in the glucose molecule. When animals eat the plants, they absorb the glucose and store what they ate–it is still chemical energy. To access this energy, all living things carry out respiration. They break the bonds holding the glucose molecules together, releasing the stored chemical energy and releasing water and carbon dioxide as waste products.
3. Energy loss in the food chain
After a living thing uses respiration to release the chemical energy stored in its body, it uses the energy to run its body and stay alive. After being used, the energy has to go somewhere. It cannot be destroyed, nor created (The Law of Conservation of Matter and Energy). So, the energy is converted into heat energy. This heat energy radiates out into the air. It isn’t destroyed, only lost for all practical purposes because we can’t retrieve it to do anything useful.

So let’s say you have a mouse, and it is eating plant seeds. The mouse will respire to get the energy in the food, and then it will give off the relinquished energy as heat. Anyone who has a pet mouse or gerbil knows they eat a lot for their size. They have to, because they are so active and need to burn a lot of energy to stay alive. The mouse will burn roughly 90 percent of the energy in its food. This energy will be lost to the air. The mouse will only store about 10 percent of the energy it has taken in with its food. This energy will be stored in the mouse’s body, primarily in its fat and muscles.

Now a fox comes along and eats the mouse. The only energy the fox gets is the energy stored in the mouse’s body. It doesn’t get 90 percent of the energy that used to be in the mouse, because the mouse burned it off and released it into the air as heat.

Now a wolf comes along and eats the fox. It gets only 10 percent of the energy that the fox has taken in through its food, because the fox has burned the other 90 percent of the food energy in order to live. That 90 percent has been lost as heat, which the wolf can’t eat. The wolf has, therefore, obtained only 1 percent of the energy that the mouse took in from the plant, because the mouse burned most of that energy off and then the fox, when it ate the mouse, burned more off.
4. Energy available in an ecosystem as illustrated by the food pyramid
[image: image26.emf]
Note: “Kcal” stands for kilocalories, which are units used to measure chemical or food energy 
· Let’s take an ecosystem that has plants, mice, foxes, and wolves. You can represent all of the plant’s energy in the ecosystem as the bottom of the food pyramid. This pyramid represents all of the energy at each link in the food chain.
· The next level of the food pyramid represents all of the energy of the primary consumers, or mice. Notice that it is much smaller than the plant layer. There cannot be nearly as much energy at the primary consumer level. Remember that all of the energy at the primary consumer level came from the plants, but most of that was burned off as heat.
· The next level of the food pyramid represents all of the energy of the secondary consumers. They receive all of their energy from the primary consumer level, or mice. This layer is much smaller than the second layer. The wolf layer, or tertiary consumer level, is the smallest of all.
· Notice that there is a lot more plant biomass than plant-eater biomass and a lot more plant-eater biomass than meat-eater biomass. That is always the way it is in every ecosystem. The lower down the food pyramid you go, the more energy there must be, because so much of it is lost along the food chain, mainly in the form of heat.
· Looking at a food pyramid, however, can be confusing. People see the food pyramid and conclude: a plant has a lot more energy than a wolf. Keep in mind, however, that the levels of the food pyramid represent the energy of ALL the plants, mice, foxes, and wolves in the ecosystem. The levels of the pyramid do NOT represent the energy from one single fox or wolf. A wolf, per pound, has as much energy as a pound of mice. But how can that be if so much energy is lost along the food chain?
· Remember that the fox ate a LOT of mice, not just one. The fox burned off most of the mouse it ate, but the amount of the mouse it stored in its body was combined with the unburned energy of a lot of other mice.
Energy Flow Brain-Teasers

1. What provides more energy, a pound of rabbit or a pound of wolf?
Answer: They are both the same. Even though the rabbit has burned off most of the energy that it ate, the amount of chemical energy it has stored in its body is the same per pound as the wolf. The rabbit eats a lot of plants, and the wolf eats a lot of rabbits, each of which has eaten a lot of plants.
2. Why are so many large predators in danger of becoming extinct?
Answer: Large predators need more room than large herbivores (plant-eaters). Much more plant energy exists in every ecosystem on Earth for herbivores to eat than animal energy for carnivores to eat. (Remember the shape of the energy pyramid.) Picture an urban park: There are a lot more plants than deer, but there are not enough deer for a population of large predators, such as wolves or mountain lions. If people destroy habitats, there may still be enough plant energy for herbivores, but there won’t be enough for carnivores.
3. Why do preserves and parks that protect large predators have to be generally larger than preserves that protect plant-eaters, like moose and elephants?
Answer: You need a lot more plant energy to support carnivores than you do to support herbivores. Herbivores will burn off at least 90 percent of the plant energy they eat, losing it as heat into the air. Only the energy the herbivores have stored in their bodies is available to the carnivores. Thus, you need a lot of room for enough plant-eaters for the carnivores to eat. Places like large urban parks have enough plant energy for plant eaters, like rabbits and deer, but not enough plant-eater energy for large carnivores.
4. Why do crowded, relatively poor countries tend to be vegetarian?
Answer: If you feed plants to a cow or goat, the cow or goat will burn up at least 90 percent of that energy, losing it as heat, and lose more energy as waste. That energy could have gone to feeding human beings instead of being lost into the atmosphere or feeding flies. Feeding plants directly to humans cuts out the “middle man,” so you have at least 10 times more energy available for people if they are vegetarian. Beef is a food for people with money or for people who live in places where there is enough room to waste all this plant energy by feeding it to livestock.
5. Why do some ecosystems, like tropical rainforests, have more plant-eating animals and meat-eating animals than others, like forests in Alaska and Canada?
Some places on the planet are better for plants than others. Tropical rainforests have continual warmth and humidity, like a greenhouse. Plants grow very rapidly. Alaska and Canada, meanwhile, are dark and frozen for much of the year. Not many plants can grow there, and those that do, like spruce trees, grow amazingly slowly. A tiny sapling, perhaps 10 feet high, can be hundreds of years old. Therefore, the base of the energy pyramid in a tropical rainforest is much larger than the base of the energy pyramid in Alaska, so the rainforest can have many more plant eaters than Alaska. By having more plant-eaters, you can have more meat-eaters.
6. Why do some parts of the ocean have more fish to catch than other parts of the ocean?
Chesapeake Bay is an example of an ocean ecosystem that should have a lot of animals and a lot of seafood to catch. It is close to shore and surrounded on three sides by land. Rivers that run into it come all the way from New York and West Virginia, not to mention half of Pennsylvania. These rivers bring a lot of nutrients into the bay, i.e., fertilizer in the form of nitrogen and phosphorus. These nutrients feed a lot of plants. Plus, much of the bay is shallow, so plants can grow on the bottom and get enough sunlight to be able to photosynthesize. On the other hand, the middle of the ocean receives very few nutrients, and it’s too deep for seaweed. Comparatively little plant energy is out there, so you don’t have as many fish and other animals to catch.

Energy Flow From the Sun (200 million years ago) to an Electric Light

1. Energy is released from the sun’s core (nuclear energy), 200 million years ago.
2. The energy moves to the sun’s surface (heat and light).
3. The heat and light travel to Earth where the light is absorbed by a primitive tree, becoming chemical energy.
4. The tree dies and is buried. It turns into coal, which is mostly carbon. The carbon came from the atmosphere 200 million years ago. The energy is still chemical energy.
5. Humans come along and dig up the coal. We burn the coal to generate heat. Thus, the chemical energy is being turned into heat energy.
6. The heat turns water into steam. The rising steam turns a turbine, generating electrical energy.
7. The electrical energy travels through a wire to a light bulb, making it light up (light and heat energy).
8. The light bulb is hot, releasing the electrical energy as heat energy. 
9. Thus, it has taken 200 million years for that energy to end up in the air around the light bulb.
Pollination Strategies

To reproduce successfully, plants must get their pollen grains to egg cells so fertilization can occur. For flowers with both male and female parts, it seems simple enough; just have your pollen fall from your stamens onto your own stigma. Some plants can do this, but generally it is a bad idea. A plant fertilizing itself makes seeds with only its own genes. None of its offspring, then, will have any genes different from the parent plant, except for the tiny percentage of them that have just mutated. All of the self-pollinated plant’s offspring will look pretty much alike. They will be exact copies of their parent. 

On the other hand, a cross-pollinated plant, one pollinated by a different plant, produces offspring that are different from either of its parents. This is because each plant will carry a different combination of genes, so each one will show different combinations of characteristics. And so the objective for most plants is really to pollinate, or be pollinated by, a different individual. Yet, rooted in place, plants cannot transfer the pollen themselves. Plants, however, have developed clever ways of overcoming their lack of mobility. 

The vast majority of flowering plants arrange for animals to carry their pollen for them. This is where petals come in; they advertise this food. To bribe animals, flowers normally provide food, either extra pollen or energy-rich sugar-loaded nectar. Many different animals—birds, butterflies, bees, flies, bats, moths, etc.—visit flowers to obtain food and, in the process, pollinate the flowers. As these animals are sloppy eaters, they get pollen all over them. Then, as they flit around, they unintentionally smear pollen from previously visited flowers, thereby pollinating them. 

Flowers vary so much in shape, size, and color because they are designed to attract different animals. Flowers pollinated by bumblebees are often blue, while hummingbird-pollinated flowers are usually red or orange. This is because bees can see high frequency light waves, like blue and even ultraviolet light, which humans cannot see. Yet, bees cannot see low-frequency waves like red light. Meanwhile, to hummingbirds, which see color roughly the way humans do, red flowers stand out in a background of green leaves. 

Bee and hummingbird-pollinated flowers also differ in shape and scent. Bumblebee flowers are usually stocky and sturdy, to accommodate their heavy visitors. They are usually sweet-scented to attract the bees. Furthermore, some of them, like the snapdragon, actually have their pollen and nectar hidden behind petal “doors.” Only heavy insects like bumblebees can fight their way through to get to the food; smaller insects are left outside hungry. 
Bird-pollinated flowers, meanwhile, usually have no scent at all, since the tiny birds have no sense of smell. Hummingbird flowers are also typically shaped like long tubes, with nectar provided deep inside to fit the birds’ long bills. 

Other animals also pollinate flowers specially designed to attract them. Butterfly-pollinated blooms, such as milkweed, are often yellow, pink, or orange and flat across the top to provide a place for the insects to sit as they feed. Flowers pollinated by night-flying moths typically bloom at night and are white and sweet smelling. Both butterfly- and moth-pollinated flowers are tubular in shape, perfectly designed for their soda straw-like mouths. In the American southwest and in the tropics, many bats serve as pollinators. The flowers that attract them also bloom at night and are white and sweet-smelling, but they are also very large to hold the large amounts of nectar and pollen needed to attract the relatively large animals, and they stand exposed on the ends of high branches where they can be noticed. The flower of the spectacular saguaro cactus, found in the Arizona deserts, is the perfect bat-pollinated flower. 

Some angiosperms, however, still rely on the old wind-pollination technique. The flowers of these plants have small or nonexistent petals and no scent and are usually green or brown. Often, their stamens and pistils dangle exposed to the air, so that wind can get to them. With no color or scent, these flowers are not attractive to humans, and, in fact, many do not even know these flowers exist. Some people, however, do notice the hay fever the pollen produces. 

To make sure pollination occurs, it might seem best for each flower to attract as many different pollinators as possible. Some flowers follow this strategy, but others are designed to attract only a few types of pollinators. Flowers that attract many different pollinators will see much of their pollen carried off to different species of flowers and wasted. Fertilization will not occur and seeds will not develop. 

With few specialized pollinators, however, pollen is more likely to be carried to another flower of the same species, since the pollinator is only visiting a few kinds of flowers. Flowers that follow this strategy appear inconspicuous and unattractive to other potential pollinators. This explains why hummingbird-pollinated flowers are often red and have no scent. Since hummingbirds cannot smell, scent would only attract insects that would likely carry the pollen off to flowers of different species. Furthermore, being red, the flowers further escape the notice of insects. Chances are good, then, that their pollen will be carried to the right flower and that their nectar will be used up bribing the right animals. 

But a flower also runs a risk of not being pollinated at all if it relies on too few pollinators. If environmental conditions change and these pollinators disappear, then the flower will not reproduce and will die out. Thus, while most, if not all, flowers restrict the pollinators they attract, most attract more than one, rather like an insurance policy. It is not a good idea to put all your eggs into one basket.

Animals, too, can specialize in the flowers they pollinate. By servicing only a few kinds of flowers, they reduce competition for their food sources.

Some plants are remarkably specific in the pollinators they attract. In South America’s Andes Mountains, for example, Datura plants grow with dangling bell-like flowers 5 inches in length. They are too long to be pollinated by anything but an extraordinary hummingbird called the swordbill. Only 4 inches in body length, it wields an incredible bill longer than its entire body! Likewise, a rare, night-blooming orchid on the island of Madagascar has its nectar hidden in a tube 8 inches long. Charles Darwin himself figured out what pollinated it. Upon spying the orchid, he predicted that somewhere on Madagascar lived a moth with an 8-inch tongue and eventually somebody found it.

The strangest pollination strategies are probably those in which plants attract pollinators through deception. In these cases, plants do not offer nectar or pollen as food; instead, they misrepresent themselves to trick pollinators into serving them without receiving anything in return. 

One example of this is the skunk cabbage. This unique plant is found in low, swampy ground along streams and swamps in the northeastern United States. The plants send up dark green, fan-like leaves early in the spring, which look somehow edible, like lettuce. The leaves, however, are filled with needle-shaped oxalate of lime crystals that will burn your mouth. The crushed leaves, in addition, really do smell like an angry skunk. 

The most interesting aspect of this plant, however, is its flower. The skunk cabbage blooms in early February, before any other flower. The flower is shaped like a maroon monk’s hood, about 4 inches high. Inside each flower hood is a stalk covered with pollen-laden stamens. It would be difficult, however, to imagine why an animal would want to go inside to get the pollen, since the flower stinks as badly as the leaves. 

In fact, the skunk cabbage flower’s target is a small fly that isn’t interested in pollen at all. What it wants is some dead, rotting meat upon which to lay its eggs, the meat to feed the hatching larvae. The skunk cabbage flower is brown, sitting on the ground, and putrid. The fly, encountering it, thinks it has found a dead animal. She moves from flower to flower, laying eggs inside each one and accidentally carrying pollen from one flower to another. Of course, when the eggs hatch, her larvae starve because they eat meat, not flowers. The skunk cabbage, however, has been pollinated and will live to deceive another year. 

Along Mediterranean shores lurk even stranger masters of deceit. Several species of orchids have the appearance and even the exact scent of female bees and wasps. Their pollinators are male bees and wasps that think they are mating with females. 
Seed Dispersal

Once a flower is pollinated and a seed produced, the plant must meet one more challenge before reproducing successfully: it must disperse its seeds to places where they can grow. Generally, it does not help a plant if its seeds simply drop off and pile up underneath it where they will certainly not find enough space and nutrients to sprout. Yet plants and their seeds cannot move on their own. And so, once again, they resort to animals for their salvation, enlisting their help in dispersing their seeds. 
A berry, for example, is designed to attract animals that will eat it. When robins devour cherries, they digest the fruit around the seeds, but not the seeds themselves, which are protected by hard seed coats. The seeds pass through the birds and emerge intact in their wastes. The birds, meanwhile, have flown from the cherry tree, and the seeds are now far away, lying in fresh fertilizer. 

The world has so many kinds of fruit because so many plants need animals to disperse their seeds. Berries of all sorts are relished by a wide assortment of birds and mammals. Large mammals carry off large fruits; rodents and squirrels store nuts to eat later, fortunately forgetting where they put some of them. Some plants use animals to disperse seeds in other ways. Two examples are the burdock and the cocklebur. The fruits of these plants are covered with tiny hooks. These hooks catch the hair of mammals and are carried off. And, of course, some plants use wind to disperse their seeds, as some use it to disperse their pollen. 

Conservation 


Perhaps 250,000 species of seed plants are found on planet Earth, and several hundred thousand, if not more than a million, species of insects, birds, and mammals pollinate them and disperse their seeds. Every forest or wild meadow exists in a delicate balance, with untold numbers of living things, each filling their natural roles. They feed on one another, compete for resources, make soil, pollinate plants, disperse seeds, and interact in countless other ways, many of which remain unknown and unappreciated by humans. A typical patch of woods is far more complicated and delicately balanced than the grandest computer yet designed.


This means that when people kill off bird and mammal species, they can create unforeseen environmental consequences. Eliminating a species of bee from a forest, for instance, may have several environmental effects. The bee may have been the chief pollinator of a woodland shrub. This shrub may have produced a fruit relished by a type of bird; now, with no pollination taking place, the fruits are gone. Perhaps the birds have found other food sources, or perhaps they are gone, too, along with their predators. One by one, a chain reaction is set in motion as human hands disrupt the finely-tuned mechanism of the forest.

Nitrogen and Phosphorus Cycles
The element nitrogen is found in all proteins and in chlorophyll, which plants use to photosynthesize. Seventy-eight percent of the atmosphere is nitrogen gas. Our bodies, however, are unable to directly access this limitless supply. All the nitrogen we inhale gets exhaled without being absorbed. Plants, as well, cannot breathe in nitrogen the way they can with carbon dioxide. 
Plants and animals must rely on so-called nitrogen-fixing bacteria to inhale the nitrogen out of the air and convert it to NO2 (nitrite) and then NO3 (nitrate). These bacteria can live loose in the soil, but they especially live in the roots of legumes, which include such familiar plants as beans, clover, mesquite, and acacia trees. These bacteria share the nitrates with the legumes, which provide the bacteria with sugars and carbohydrates in return. Once the legume roots, stems, and leaves decompose, the nitrogen they contain goes back into the soil, and other plants can then suck up the nitrates. Once the plants have nitrogen in them, animals can eat the plants and get the nitrogen they need.

Animals will excrete the nitrogen in their wastes, which decomposers will then return to the soil, able to be drawn up by plants again. Some decomposers in the absence of oxygen, however, will convert the nitrate to N2 and return it to the atmosphere. 
Phosphorus, meanwhile, is part of every living thing’s DNA, is critical to respiration, and is a primary ingredient of bones and teeth. Plants get the phosphorus they need from the ground, as they do with nitrogen. Also, like nitrogen, decomposers break down compounds containing phosphorus and return the element to the soil from which plants can use it again.

The main difference between phosphorus and nitrogen is that phosphorus is very rarely in compounds that are gases at room temperature. Whereas nitrogen-fixing bacteria draw nitrogen out of the air, phosphorus enters food chains through the soil, which obtains the element from decomposing bedrock. Once the phosphorus gets into plants and then into the food chain, it can recycle through the ground indefinitely. Phosphorus is often in short supply in soil, because not all bedrock contains the element.

Human activity creates problems with both the nitrogen and phosphorus cycles. We cause too much of both to leave the land through soil erosion and degradation, leaving the land infertile, and we cause too much of it to enter waterways, thereby overloading aquatic ecosystems through eutrophication.
	Handout 5: Ecology Web Resources 


Nutrient cycles:

· http://nutrients.ifas.ufl.edu/nutrient_pages/BSFpages/NPcycles.htm
· Illustrates the nitrogen and phosphorus cycles

· http://earthobservatory.nasa.gov/Features/CarbonCycle/page2.php
· http://earthobservatory.nasa.gov/Features/CarbonCycle/page3.php
· http://earthobservatory.nasa.gov/Features/CarbonCycle/page4.php
· Good summary of the carbon cycle
· http://web.mit.edu/12.000/www/m2006/final/characterization/char_cycles.html
· Brief account of cycles, carbon cycle illustrated
· http://extension.missouri.edu/p/WQ252
· http://www.physicalgeography.net/fundamentals/9s.html
· Good summaries of the nitrogen cycle
· http://www.enviroliteracy.org/article.php/480.html
· Good summary of the phosphorus cycle
· http://www.elmhurst.edu/~chm/vchembook/308phosphorus.html
· http://sci.waikato.ac.nz/farm/content/nutrientcycling.html
· Brief summary of nitrogen and phosphorus cycles, with illustration of nitrogen cycle
· http://extoxnet.orst.edu/tibs/bioaccum.htm
· Explains bioaccumulation and biomagnification
· http://toxics.usgs.gov/definitions/biomagnification.html
· Definitions of biological magnification

Energy flow through ecosystems:

· http://www.hobart.k12.in.us/jkousen/Biology/ecosystem.html#RolesofOrganisms2
· First four sections, which deal with energy flow, may be useful to print
· http://regentsprep.org/regents/biology/units/ecology/energy.cfm
· http://www.ck12.org/user:dGVkd2FyZHNAbW91bnR2ZXJub25zY2hvb2wub3Jn/concept/Energy-Flow-in-Ecosystems-%253A%253Aof%253A%253A-The-Principles-of-Ecology/
· Basic introductions to energy flow, with diagrams
· http://www.globalchange.umich.edu/globalchange1/current/lectures/kling/energyflow/energyflow.html
· In-depth account of energy flow through ecosystem

Keystone species, symbiosis, niche:

· http://education-portal.com/academy/lesson/interspecific-competition-competitive-exclusion-niche-differentiation.html
· Summaries of concepts of niche and competitive exclusion

· http://www.learner.org/courses/envsci/unit/text.php?unit=4&secNum=7
· http://education.nationalgeographic.com/education/encyclopedia/keystone-species/?ar_a=1
· Good two-page summary of keystone species concept with examples

· http://www.fieldtripearth.org/article.xml?id=754
· Another good summary of the keystone species concept

· http://www.davidsuzuki.org/issues/oceans/science/marine-planning-and-conservation/salmon/
· Examples of keystone species

· http://www.beaversolutions.com/beavers_keystone_species.asp
· http://www.marietta.edu/~biol/biomes/symbiosis.htm
· Many examples of symbiosis and some examples of keystone species

· http://www.cals.ncsu.edu/course/ent591k/symbiosis.html
· Good summary of various types of symbiosis
· http://www.fs.fed.us/wildflowers/pollinators/
· Information on pollinators and pollination; several pages are worth downloading 
· http://www.fs.fed.us/wildflowers/pollinators/
· Excellent summary of pollination

· http://calscomm.cals.cornell.edu/naturalist/Naturalist-Outreach-Seed-dispersal.pdf
· Basic account of seed dispersal

· http://theseedsite.co.uk/dispersal.html
· Summary of seed dispersal, with examples

· http://www.cas.vanderbilt.edu/bioimages/pages/fruit-seed-dispersal.htm
· Examples of seed dispersal
Carrying capacity, limiting factors, biotic potential:
· http://www.wou.edu/las/physci/ch371/lecture/popgrowth/carrying.htm
· Basic accounts of carrying capacity
· http://www.gov.mb.ca/conservation/sustain/limfac.pdf
· Explains density dependent and density independent limiting factors
· http://www.wou.edu/las/physci/ch371/lecture/popgrowth/carrying.htm
· http://iefworld.org/spcapacity.htm
· http://www.onlinehs.net/biology/pdf/u2-interdependence.pdf
· Basic accounts of carrying capacity
· http://www.populationmatters.org/wp-content/uploads/D20Carryingcapacity.pdf
· Basic account of carrying capacity from a human perspective
· http://www.deerandforests.org/resources/Deer%20Carrying%20Capacity.pdf
· Account of carrying capacity focusing on white-tailed deer
General ecology:
· http://www.learner.org/about 
· http://education-portal.com/academy/topic/principles-of-ecology.html
· Online ecology courses

	Handout 6: List of Ecology Concepts to Review 


Please Review the Following Concepts (Post can add concepts to fit specific Volunteer assignments):
1) Physical Science Concepts (Optional for post)

· Definition of element
· How to read a periodic table
· Definition of physical and chemical change
2) Nutrient Cycles

· The carbon, nitrogen, and phosphorus cycles
· How nitrogen and phosphorus create eutrophication or “dead zones” in water by depleting oxygen
· What bioaccumulation or biomagnifications is and how toxins increase in concentration as you move up the food chain
3) Energy Flow Through Ecosystems

· How energy transforms as it moves from the core of the sun to plants to animals
· How energy is lost as heat as it moves through food chains; the 10 percent rule
· Why some ecosystems have more plant energy than others and thus more living things that depend on plant energy
· Given this, why you can feed more people with plants than by feeding plants to animals and then eating meat
· Why large predators need more space than plant-eaters
4) How Living Things Are Connected

· How flowers are adapted to be pollinated by specific pollinators and why plant diversity depends on pollinator diversity
· How seeds are adapted to be dispersed by specific dispersers and why plant diversity depends on disperser diversity
· The keystone species concept and some examples
· How soil creatures help maintain soil fertility and productivity
5) Niche and Carrying Capacity

· The concept of ecological niche
· The niche Law of Competitive Exclusion 
· The concepts of carrying capacity and limiting factor
· Examples of density dependent and density independent limiting factors
· What can happen to the environment and to the animals if a species of animal exceeds its carrying capacity 
	Trainer Material 1: Instructions for Pre-Departure Assignment Options


To help prepare invitees for their pre-service training, we highly recommend asking them to engage in some pre-departure activities before arriving in-country. Utilizing this pre-departure period has several advantages, including more available time during PST and the benefit of engaging the invitees right away with the goals of their eventual assignments. Pre-departure invitees will also likely have access to Internet resources to research their topics.
On the other hand, you can only encourage, but not require, invitees to prepare for this session, since they have not yet sworn in; whereas you can require trainees’ in-country to complete the assignment. Hopefully, however, the majority of your invitees would be sufficiently motivated to participate prior to arrival in-country. 
There are two pre-departure options: 

· Option 1: Review of ecological concepts and/or quiz only (materials from this training session).

· Instructions for Option 1A:
· Send each invitee an email, encouraging his or her participation in pre-departure activities. See Trainer Material 2 for suggested email text and applicable attachments to send. 
· The email will request that the invitee:
· Understand the ecological processes listed in Handout 6. To review them, the invitee can consult Handout 4 and the list of Internet resources that are also attached in Handout 5.

· Come to PST prepared with any remaining questions they may have with the material and ready to take a quiz as a group activity.
· Instructions for Option 1B: 

· Send each invitee an email, encouraging his or her participation in pre-departure activities. See Trainer Material 2 for suggested email text and applicable attachments to send. 
· The email will request that the trainee:
· Understand the ecological processes listed in Handout 6. To review them, the invitee can consult Handout 4 and the list of Internet resources that are also attached in Handout 5.

· Take the ecology quiz on Handout 1 and then check his or her answers using the answer key Trainer Material 4. 
· Come to PST prepared with any remaining questions one may have
· Option 2 (preferred option): Review of ecological concepts and/or quiz AND global environmental issues presentation assignment (materials from this session and the Global Environmental Issues session).
· Instructions for Option 2: 
· Send each invitee an email, encouraging his or her participation in pre-departure activities. See Trainer Material 3 for suggested email text and applicable attachments to send. 
·  The email will request that the trainee:
· Complete Options 1A or 1B above. 
· Research an assigned environmental issue, being sure to answer the assigned questions for its particular issue (use Handouts 1-5 from the Global Environmental Issues session).

· Prepare a PowerPoint summary of the issue, which each group will present during PST. The email will encourage each group to embellish its presentation to make it as informative and interesting as possible. For example, each group can add additional information, graphics, and even short film clips.
· Send the PowerPoint to the country program officer and the country desk officer and/or put the PowerPoint on a flash drive and bring it to the country.

Additional considerations: 

Even if you assign the research, quiz, and presentation pre-departure, there is the risk that some members of the training class will be unable to complete the assignment due to their location or circumstances. In the Environment sector, in this case, applicants are perhaps most likely to have jobs in remote locations (in parks) or if they do have email access, having the capacity to conduct research may be challenging. Always have a backup plan for any groups or individuals who are not able to complete the pre-departure assignment. The end goal is that all participants in a training class are able to meet the Learning Objectives for this session.
	Trainer Material 2: Sample Invitee Letter—Ecology Only Pre-Departure Activities


Dear [Invitee’s Name],
I am [Name and Position]. We eagerly anticipate your arrival in [Host Country], and I am looking forward to meeting you! 

During your time here, we will ask you to help guide and encourage our citizens to adopt sustainable environmental practices. Although many environmental threats we face are global in scope, we must confront them locally, one person at a time. Inspiring positive change at the community level is Peace Corps’ unique strength, and we await the energy, expertise, and commitment that you will contribute to our efforts in [Host Country] to use our natural resources productively and sustainably.
Important to your work will be an understanding of fundamental ecological processes. To help with this, we will review and expand your knowledge of ecological concepts during pre-service training (PST). Our challenge is providing this opportunity while still addressing all necessary language, cross-cultural, and technical training in just (___) weeks.

It would be helpful, therefore, if you could take a little time to review some fundamental ecological content before arrival in [Host Country]. We have attached some materials to help you do that: 
· A list of the ecological concepts we would like you to know (Handout 6)
· Fact sheets (Handout 4) and a list of suggested websites to help you review any unfamiliar topics (Handout 5)
· A multiple-choice quiz (Handout 1). This exam will not be graded, but is simply a way for you to check your knowledge. 
· The answer key to the quiz. 
Note: 
You may prefer that the participants take the quiz during PST, as described in the Trainer Preparation section of this session. In this case, you would not send the quiz or answer key to the invitees, and you would delete this note and the corresponding quiz/answer key bullets above. 
Bring any lingering questions with you to [Host Country], and we will try to address them during the first few days of in-country training. 
We recognize that you may be very busy as you prepare for departure, but following through with these materials will allow us to devote more of your training time to other essential subjects. We hope that you find the review of this material to be helpful in increasing your familiarity with the ecological processes that will be the foundation for your work. We appreciate your time and effort in preparing for your upcoming service. 
Please let me know if I can be of further assistance. We will see you soon!

Sincerely,

[Name and Position]
[Attachment 1: Handout 1: Ecology Quiz]—if applicable
[Attachment 2: Handout 4: Ecology Fact Sheets]

[Attachment 3: Handout 5: Ecology Web Resources]
[Attachment 4: Handout 6: List of Ecology Concepts to Review]
[Attachment 5: Trainer Material 4: Ecology Quiz Answer Key]—if applicable
	Trainer Material 3: Sample Invitee Letter—Ecology AND Global Issues Pre-Departure Activities


Dear [Invitee’s Name],
I am [Name and Position]. We eagerly anticipate your arrival in [Host Country], and I am looking forward to meeting you! 

During your time here, we will ask you to help guide and encourage our citizens to adopt sustainable environmental practices. Although many environmental threats we face are global in scope, we must confront them locally, one person at a time. Inspiring positive change at the community level is the Peace Corps’ unique strength, and we await the energy, expertise, and commitment that you will contribute to our efforts in using our natural resources productively and sustainably.
Important to your work will be an understanding of fundamental ecological processes and the major global environmental issues threatening the world, which include: biodiversity loss; global climate change; increasing water stress; soil degradation and erosion; and human population growth. To help with this, we will review and expand your knowledge of ecological concepts and both global and local environmental issues during pre-service training (PST). 

Our challenge is to provide this opportunity while still addressing all necessary language, cross-cultural, and technical training in only (___) weeks. Because of this challenge, we are going to ask you to do two things before you arrive so we can use the limited training time we have as effectively as possible. First, we would ask you to review some fundamental ecological content. Second, we request that you take on a small project, working with some of the other invitees who will be coming to [Host Country] with you. 
First, the ecology: We have attached some materials to help you review some fundamental ecological concepts that are the foundation of sustainable development. The materials are as follows: 

· A list of the ecological concepts we would like you to know (Handout 6)
· Fact sheets (Handout 4) and a list of suggested websites to help you review any unfamiliar topics (Handout 5)

Next, to test your knowledge, we would like you to take the multiple-choice quiz (Handout 1) that is included as an attachment. This exam will not be graded, but will simply be a way for you to check your knowledge. Once you have done this, you can go over your results using the answer key (Trainer Material 4). 
Note: 
You may prefer that the participants take the quiz during PST. In this case, you would remove the paragraph above and not send the quiz or answer key to the invitees. 
Remember any lingering questions for your arrival in [Host Country], and we will try to address them during the first few days of in-country training. 
Second, we have divided the members of your training group in [groups of 2-3]. Joining you will be [names of other invitees in the group]. [His, Her, Their] email(s) is/are [email addresses]. We have assigned one of the five environmental issues mentioned above to each group. Your issue will be [Name of Issue]. 
Here is what we would ask your group to do:

1) Open the attachment to this email. It lists important points about your issue and some websites that can inform you about it. 
2) With your partner(s), prepare a 15-20 minute PowerPoint presentation that covers this information. Feel free to add any material and illustrations that you think would be relevant and interesting to your fellow participants. Please send me your presentation and bring it with you on a flash drive.

3) When in-country, we will ask you and your partners to present on your environmental issue during the first few weeks of training. 
In this way, we hope to help you and the others in your training group understand these critical global issues, while still leaving sufficient time to cover everything else you will need to know. 
We hope these two projects are not too much of an inconvenience; rather, we hope you will enjoy the opportunity to get to know some of your fellow trainees while exploring one of the current and critical global environmental issues that you may face while in [Host Country]. We appreciate your time and effort in preparing for this assignment. 
Please contact me if you have any questions or concerns or if there is anything else I can do to be of assistance.

We will see you soon!

Sincerely,

[Name and Position]
Attachments from The Ecological Foundation of Sustainable session: 

· [Attachment 1: Handout 1: Ecology Quiz]—if applicable
· [Attachment 2: Handout 4: Ecology Fact Sheets]

· [Attachment 3: Handout 5: Ecology Web Resources]

· [Attachment 4: Handout 6: List of Ecology Concepts to Review]

· [Attachment 5: Trainer Material 4: Ecology Quiz Answer Key]—if applicable
Attachment from the Global Environmental Issues session:

· [Attachment 6: One Handout (1-5) that corresponds with their assigned topic.]
	Trainer Material 4: Ecology Quiz Answer Key


Name: ________________________________________________________________________

Country of assignment: __________________________________________________________ 
Estimated date of departure: _____________________________________________________
Date assessment completed: ______________________________________________________

II. Preliminary physical science concepts Note: This part is optional depending on post preference
1.  Using the periodic table (found at the end of the quiz), please state the number of protons and neutrons found in the typical atom of:


Protons
Neutrons

A.  Carbon:
P: ___6___
N: ___6___
B.  Gold:
P: __79___
N: __118__
2.  Please give the Atomic number, Atomic mass, and the Mass number of the following: 


Atomic number
Atomic mass
Mass number

A.  Calcium:
AN: __20___
AM: _40.078_
MN: __40___
B.  Platinum:
AN: __78___
AM: _195.68_
MN: __196__

3.  The distinguishing difference between elements is the number of ___B___ that they have.

A. Electrons
B. Protons
C. Neutrons
D. B and C
4.  The elements in the glucose molecule C6H12O6 will __E___:

A. Change their properties when forming new compounds
B. Exist forever in the absence of a cataclysmic fusion event
C. Change the quantity of subatomic particles in their nuclei on a regular basis
D. Can expect to make new compounds on unusual occasions
E. A and B
F. A and C
5.  Physical vs. chemical change: Please indicate whether the following are physical (P) or chemical (C) changes. 
__C__
A. 
A nail rusting
__P__ 
B.
A nail melting
__P__
C.
Ice melting
__C__
D.
A plant taking in water and carbon dioxide to produce oxygen and sugar through 




photosynthesis

__C__
E.
Breathing in oxygen and breathing out CO2 
__P__
F.
Dissolving sugar in a cup of coffee 
__C__
G.
Digesting the coffee 
In the chemical changes, compounds are breaking apart and new compounds are forming. When this happens, the elements in the original compounds change their properties. In physical changes, the state (solid, liquid, gas) may change, but you don’t end up with a new substance. Water, ice, and steam are all H2O. Dissolving sugar in a cup of coffee gives you sugary coffee.
III. Nutrient cycles
1. Please label each description with a C, an N, or a P, to indicate whether it refers to the Carbon cycle, the Nitrogen cycle, or the Phosphorus cycle. 

A. __N__
Special bacteria attached to the roots of legumes pull this out of the air
B. __P__
This element is never found as a gas in the atmosphere
C. __N__
Over 75 percent of the Earth’s atmosphere consists of this element
D. __C__
Released by aerobic decomposers into the atmosphere
E. __N__
Released by anaerobic bacteria into the atmosphere
F. __C__
Burning coal releases this into the air
G. __C__
Forms a mild acid when chemically combined with ocean water
H. __C__
Burning rainforests releases this into the air
I. __C__
Plants suck this nutrient out of the atmosphere to make glucose
J. __C__
Animals breathe this nutrient into the atmosphere when they respire
K. __C__
Breathed in and stored by plants 200 million years ago, this nutrient is 



now being released from its “prison” and escapes into the air
2. __G__ Nitrogen and phosphorus pollution create aquatic “dead zones” by:

A. Creating algae blooms that, when they die, create population increases of decomposing bacteria
B. Creating algae blooms that suck oxygen out of the water through photosynthesis
C. Poisoning aquatic animals with an overdose of these nutrients
D. Poisoning aquatic plants with an overdose of these nutrients
E. Preventing sunlight from reaching submerged aquatic vegetation
F. B and C
G. A and E

Floating algal mats block sunlight from reaching submerged aquatic vegetation. Decomposing bacteria use up all the oxygen in the water as they respire, which means that aquatic animals suffocate. 
3. __C__ Toxins in an ecosystem:

A. Can be expected to be concentrated in plants at the base of the food pyramid
B. Can be expected to be concentrated in plant-eaters
C. Can be expected to be concentrated in carnivores at the top of the food pyramid
D. Are equally concentrated throughout the food chain
E. Can be expected to be broken down by decomposers before concentrating in plants and animals anywhere along the food chain
This is called bioaccumulation, and it explains why top predators such as bald eagles, large fish, and even polar bears are carrying around comparatively large amounts of toxic substances in their tissues.

IV. Energy Flow Through Ecosystems

1. Please fill out the spaces with the letter that corresponds with the correct form of energy.

Choose from:

	A: Kinetic
	B: Light or Electromagnetic
	C: Heat
	D: Chemical
	E: Nuclear


The sun releases __E__ energy in its core through the fusion of light elements, mainly hydrogen and helium. The energy migrates to the sun’s surface as ​__B___ and __C__ energy and out into space as __B__ and __C__ energy. It enters the Earth’s atmosphere; then photosynthetic organisms absorb the __B__ energy in the glucose molecule, preserving it as __D__ energy. An animal eats the plant, storing the energy as __D__ chemical energy. When the animal releases the energy from its food and uses it, it transforms the energy to __C__ energy. 
2. __C__ Energy and nutrients move through ecosystems in the following way:
A. Energy is destroyed through its passage through the ecosystem
B. Nutrients do not recycle; energy does
C. Energy does not recycle; nutrients do
D. Both energy and nutrients recycle through ecosystems
E. Both energy and nutrients need to be constantly replenished because both are lost as they circulate though ecosystems.
Energy in a food chain is ultimately lost as heat when living organisms use the energy stored in their food.
3. __B__ It makes ecological sense for an impoverished, crowded country to be largely vegetarian because:
A. Comparatively little energy is available in a piece of meat because so much has been lost moving through the food chain.
B. You can feed more people with plants than you can with meat because the animals you eat have used up a lot of plant energy for themselves.
C. It takes a lot of work to raise animals; it’s easier to grow vegetables.
D. A pound of plant material typically has more energy than a pound of meat.
A cow, for example, burns up most of the energy in its food, releasing it as heat. That heat energy could have gone directly to people.

4. __C__ Fifty mice eat a farmer’s garden, but are then eaten by a fox which, in turn, is eaten by a wolf. Approximately what percentage of the original energy in the garden is now residing in the wolf?
A. 10%
B. 1%
C. 0.1%
D. 0.01%
The 10 percent rule states that roughly 90 percent of the chemical energy taken in as food is lost as heat through respiration.

5. __B__ Which of the following statements is true?
A. There is always more prey in an ecosystem than their predators.
B. There is always more prey biomass in an ecosystem than predator biomass. 
C. There are fewer meat-eaters in an ecosystem because it’s harder to catch prey than it is to find plant food.
D. Whether there is more prey or predator biomass in an ecosystem depends on the ecosystem.
E. When a natural habitat is reduced in size, the first animals to disappear are usually large plant-eaters. 
There always has to be more energy stored in plants than in plant eaters and more energy in plant-eaters than meat-eaters, because significant energy is lost as it moves through the food chain. It is not necessarily true that the NUMBER of predators is fewer than the prey. A hundred ticks can be on one lion and 10,000 aphids on one oak tree. Reducing the size of a natural habitat causes large predators to disappear first, because they do not have enough energy left in their remaining prey animals to sustain a population.

7. __A__ Would you expect more clouded leopards per square mile living in a national park in Thailand or more snow leopards living in a national park in the Nepali Himalayas?

A. You would expect more clouded leopards because their tropical habitats contain more plant energy.
B. You would expect more clouded leopards because they can hide more effectively from poachers.
C. You would expect more snow leopards because more prey is available to them.
D. You would expect more snow leopards because their habitat is more remote.
The tropical environment of the clouded leopard has much more plant biomass than the frozen Himalayan habitat of the snow leopard. As a result, the tropical environment can support more plant-eaters and, thus, more clouded leopards.

V. Living Things are Connected in Many Vital Ways

1. __B__ A red, scentless flower is most likely pollinated by:
A. A bat
B. A bird
C. A bee
D. The wind
E. A fly
The color, scent, shape, blooming period, and location of a wildflower are all designed to match specific pollinators. In this case, the color vision of birds usually matches that of humans and red stands out with a green, leafy background. Birds, as a rule, also have no sense of smell. In contrast, bees have an extremely keen sense of smell, but the red flower wants to “hide” from the bee, so it has no scent.

2. __C__​ Evidence that a plant’s pollinator is extinct would include:
A. The plant dying
B. The plant’s fruit lying on the ground
C. The plant’s flowers lying withered on the ground
D. An increase in the honeybee population filling the empty niche
E. The plant changing its pollination strategy
If a flower isn’t pollinated, it doesn’t produce fruit, but just drops off the plant and decays.
3. __C__ Evidence that large fruit-eating mammals have been hunted out of an ecosystem might include:
A. Plant reproduction increased due to reduced predation
B. Plant reproduction decreased due to reduced animal waste fertilizer
C. Large fruits piled on the ground under the parent plant
D. More large fruits germinating because of reduced predation
E. The plant’s flowers lying withered on the ground
Large fruits are designed to be dispersed by large mammals. They eat the fruit and pass the seed, undigested, when they defecate. Most such fruits require passage through a disperser to germinate.

4. __C__ Hay fever is most likely caused by pollen from:
A. A yellow flower
B. An ill-smelling brown flower
C. A tiny flower without any petals
D. A large, white, tubular flower
E. A white, sweet-smelling flower

Hay fever is caused by wind-blown pollen going up people’s nostrils and getting in their eyes. Flowers with color or scent are pollinated by animals, so their pollen is not wind-dispersed. Grass flowers are typical wind-pollinated flowers.
5. __C___ A nut is most likely dispersed by:
A. A bird
B. An arboreal mammal that defecates it away from the parent tree
C. A rodent that buries the nut for future consumption
D. A large, hoofed, herbivore
E. Gravity
If an animal eats a nut, it kills the plant embryo, so nuts germinate best when they are buried with the embryo intact.

6. __A___ If an insect is bright red, it is most likely because:
A. It is warning predators that it is poisonous
B. It is trying to attract a mate
C. It is trying to camouflage itself
D. It is nocturnal
7. __D__ To find compounds in nature that might be useful in making human medicines, you should first investigate:
A. Plants with spines
B. Brightly-colored birds
C. Plants with brightly-colored flowers
D. Brightly-colored, slow marine creatures like sponges and sea cucumbers
E. Primates
The only difference between a poison and a medicine is dosage and how it is administered. Scientists, therefore, look for poisons in nature that might have medicinal uses. Brightly-colored, soft-bodied, and slow marine creatures seem defenseless, but they are therefore likely to be protected with poisons. The same holds true of brightly-colored insects.

8. __F__ An animal or plant can be considered a keystone species if it:
A. Is a large predator at the top of the food chain
B. Makes homes, like burrows, for a host of other animals
C. Provides fruit during times when few plants are fruiting
D. Defining the makeup of plant communities through selective predation
E. A and C
F. All of the above
A keystone species is connected to many other species in an ecosystem. Consequently, removing the species has significant impact on the ecosystem. Examples of keystone species:

A.  Large predator: Wolf in Yellowstone Park

B. Burrows: Gopher tortoise in Florida, prairie dog

C. Providing fruit: Figs in tropical rainforests

D. Plant predator: African elephant

9. __H__ Soil fauna, ranging from burrowing rodents to earthworms, insects, assorted arthropods, and bacteria are:
A. Vital to soil because they recycle nutrients from dead leaves and other organic matter
B. Vital to soil because they maintain its texture, oxygenating it and allowing it to retain water
C. Vital to soil because they stir up the soil, mixing nutrients from decaying organic matter and decomposing bedrock
D. Vital to soil because they recycle energy back to the plants
E. Vital to soil because they recycle carbon back into plant roots
F. All of the above
G. A, B, and E
H. A, B, and C
Energy is not recycled. Carbon is absorbed as a gas through photosynthesis, not via roots.
10. __C__ Biologists studying a 5,000-hectare national park in Paraguay found no evidence that any large predators like jaguars and ocelots were still there. What do you think they also discovered?

A. A large, healthy population of monkeys
B. Few birds because of predation by medium-sized mammals like opossums
C. Diverse population of birds due to lack of predators
D. An explosion of poisonous snake populations
E. No real impact because large herbivores had also been hunted out
The national park was overrun with opossums, which eat a wide range of plant and animal foods, including bird eggs and young. Without predators, monkeys would have overpopulated, as has happened in some forest ecosystems, and bird diversity would have decreased.
VI. Niche, Carrying Capacity, and Limiting Factors

1.  __A__ Two animal species that have identical niches:
A. Cannot exist in the same location for long
B. Will shape the ecosystem through their interactions
C. Can coexist by parceling out the ecosystem’s resources
D. Can double the pressure on prey species
The Law of Competitive Exclusion states that no two animals with identical niches can coexist for long in the same location. If they parcel out the ecosystem’s resources and live differently, then they, by definition, have different niches.

2.  __C__ An example of a density-dependent limiting factor is:
A. A natural disaster, such as a volcanic eruption
B. A severe storm
C. Epidemic disease
D. Immigration of individuals from outside the ecosystem
The incidence of epidemic disease increases with crowding and the resultant malnutrition and stress.
3.  __C__ An example of a density-independent limiting factor is:

A. Food
B. Shelter
C. Fire
D. Space
Fire affects every creature in an ecosystem, regardless of their numbers.

4.  __D__ When a population of animals exceeds the carrying capacity of its environment, all of the following can be expected to happen, except:
A. Density dependent limiting factors reducing their numbers
B. The animals damage their environment, thereby lowering its carrying capacity
C. The animals are forced to emigrate into marginal habitats
D. The animals are forced to evolve into different niches
E. Birth rates fall
The process of evolution happens slowly over time, and carrying capacities are exceeded only temporarily.

5.  __A__ All of the following are true about human beings, except:

A. Humans do not exceed their environmental carrying capacity because they are so adaptable
B. The evidence showing that an animal species has exceeded its carrying capacity is similar to evidence that a human population has exceeded its carrying capacity
C. A population of humans can increase the carrying capacity of its environment through application of new, appropriate technology
D. A population of humans can increase the carrying capacity of its environment by expanding the area on the planet where it obtains natural resources 
When animals exceed their carrying capacity, they suffer from malnutrition, inferior shelter, epidemic disease, unsanitary conditions, crowding, intra-specific violence, and stress, and they often emigrate into poor and inappropriate habitats. Are there human populations where this is occurring?

Post can add additional questions to fit specific Volunteer assignments

	Trainer Material 5: Ecosystem Puzzlers Answer Key


Example 1: Alaskan marine ecosystem
What do you think happened to the ecosystem when people overfished the pollock, an important sea lion food source?

When the pollock was overfished, it was thought to have led to a decrease in the population of Steller sea lions. The killer whales then began preying on the sea otters, which, considering their dense fur and smaller size, are not prime killer whale food items. When the otter population fell, the sea urchin population rose and began decimating the kelp forests. Populations of animals that depended on the forest habitats, such as some fish and shellfish species, fell as a result. Bald eagles that feed on fish were negatively impacted.

Example 2:

Yellowstone National Park
What impact do you think the re-establishment of wolves in Yellowstone had on the aforementioned creatures? 
When the wolves returned, they began preying on the elk. The elk became much more wary and reduced the time that they browsed in the open. Aspen and willow seedlings had a chance to grow as a result. In fact, it was discovered that virtually no aspen seedlings had grown into trees in open areas near streams in Yellowstone since the 1940s. Beavers returned to the streams because of the tree growth, as did migratory song birds. Trout benefited because the trees created shade, which keep their streams cold. Otters and mink benefited because of the rise in fish populations. Bears, coyotes, eagles, magpies, and ravens benefited because of the increase in elk carcasses. However, the coyote population decreased because the wolves were attacking them. 
Example 3: Central American Cacao Plantation
What impact do you think the absence of the agouti might have on forest bats and frogs?

The agouti, because it uniquely buries Hymenaea seeds for future consumption, is the seeds’ most efficient disperser. Without the agouti, Hymenaea tree populations would fall. This would impact some species of bats, which pollinate the tree’s flowers. It would also impact peccaries and Liomys mice, because they would have fewer seeds to eat. Margay cats eat the mice. The peccaries, meanwhile, make wallows, which provide pools of water in which frogs can breed.
	Trainer Material 6: Web Resources for Trainers


These resources have been selected from the larger resource list found in Handout 5. They are included here for you to download and print if: 

1. You have decided to ask the participants to research ecology during PST rather than as a pre-departure assignment, and

2. The participants do not have access to the Internet. 
If the participants have Internet access, you do not need to print these materials. 
Nutrient cycles:

· http://nutrients.ifas.ufl.edu/nutrient_pages/BSFpages/NPcycles.htm
· Illustrates the nitrogen and phosphorus cycles

· http://earthobservatory.nasa.gov/Features/CarbonCycle/page2.php
· http://earthobservatory.nasa.gov/Features/CarbonCycle/page3.php
· http://earthobservatory.nasa.gov/Features/CarbonCycle/page4.php
· Good summary of the carbon cycle

· http://extension.missouri.edu/p/WQ252
· Good summary of the nitrogen cycle

· http://www.enviroliteracy.org/article.php/480.html
· Good summary of the phosphorus cycle

· http://extoxnet.orst.edu/tibs/bioaccum.htm (*Note: this webpage cannot be printed due to copyright issues.)
· Explains bioaccumulation and biomagnification

Energy flow through ecosystems:

· http://alt.hobart.k12.in.us/jkousen/Biology/ecosystem.html#RolesofOrganisms2
· Can print first four sections, which deal with energy flow

· http://regentsprep.org/regents/biology/units/ecology/energy.cfm
· http://www.ck12.org/user:dGVkd2FyZHNAbW91bnR2ZXJub25zY2hvb2wub3Jn/concept/Energy-Flow-in-Ecosystems-%253A%253Aof%253A%253A-The-Principles-of-Ecology/
· Basic introductions to energy flow, with diagrams
Keystone species, symbiosis, niche:

· http://www.learner.org/courses/envsci/unit/text.php?unit=4&secNum=7 (*Note: this webpage cannot be printed due to copyright issues.)
· http://education-portal.com/academy/lesson/interspecific-competition-competitive-exclusion-niche-differentiation.html
· Summaries of concepts of niche and competitive exclusion

· http://education.nationalgeographic.com/education/encyclopedia/keystone-species/?ar_a=1
· Good two-page summary of keystone species concept with examples.

· http://www.cals.ncsu.edu/course/ent591k/symbiosis.html
· Good summary of various types of symbiosis

· http://www.fieldtripearth.org/article.xml?id=754
· Another good summary of the keystone species concept

· http://www.fs.fed.us/wildflowers/pollinators/
· Information on pollinators and pollination; several pages are worth downloading 

· http://calscomm.cals.cornell.edu/naturalist/Naturalist-Outreach-Seed-dispersal.pdf
· Basic account of seed dispersal

Carrying Capacity, Limiting Factor, Biotic Potential

· http://www.wou.edu/las/physci/ch371/lecture/popgrowth/carrying.htm
· Basic accounts of carrying capacity

· http://www.gov.mb.ca/conservation/sustain/limfac.pdf 
· Explains density dependent and density independent limiting factors
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