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Check your understanding
What is up with Mexico? Why has there been an increase in palm oil plantations without 
deforestation in Mexico?

Think more about how the suitability model works.
What climate variables should they consider?

What is a model? Give examples of material, conceptual, and mathematical models.

Guess how many species of plants, reptiles, amphibians, mammals, birds, insects, and fish 
there are in the world. Look these numbers up on the internet, paying attention to the website 
where you recorded the number. Compare numbers among classmates. Do they vary
(see question 5). Are all sources of information on the internet equally reliable?

Why might it be hard to get estimates of biodiversity?
Which groups of species might be harder than others?

Why might some countries with high suitability to palm oil might not have a lot of plantations? 
The study lists some reasons, but can you think of more?

How many orangutans are left? Bornean elephants? Sumatran tigers?
What is their IUCN status? What other species are at risk due to palm oil in Southeast Asia? 
South America? Central America? Africa?

What is an average and variability? Give an example of average and variability in real life.

TeaCher’S Key

Palm oil is everywhere – but where 
did it come from?
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The paper mentions that 20th Century cattle farming may have led to deforestation early in the 1900s.  
Thus, in Mexico, new palm plantations come from conversion of already deforested areas and not newly 
deforested areas.  

This question is really open-ended and there could be lots of answers.  Agricultural suitability models are 
designed to determine the climate appropriate for certain crops.  These models formalize some things 
we already know - such as, Minnesota is too cold in the winter for growing tomatoes.  However, in other 
locations things may not be so obvious.  For example, in Imperial County, California, the model would help 
guide how much irrigation would be needed to make tomatoes thrive in the early summer.

The definition of a model is in the paper’s glossary. There are lots of possible responses to the request for 
examples:  Material models could be toy cars, mannequins, teddy bears, etc.  Conceptual models could be 
the scientific method, the workflow of the American three branches of government, Prisoner’s dilemma, 
etc.  Mathematical models include: population or financial interest growth, air or water currents, trajectory 
of a ball hit by a bat at a certain angle, etc.

There are about 391,000 species of plants, 8,700 reptiles, 6,500 amphibians, 5,500 mammals, 10,000 birds, 
10,000,000-30,000,000 insects, and 31,000 fish.  Compare different estimates from different students. 
Why is there a difference?  Are they getting the number of described species or the predicted number? 
Are they getting estimates from a credible website? Talk about how to decide what websites are credible 
and which are not.

Just this year, 2016, a new species of whale (yes, whale!) was discovered. Understanding the number 
of species in the world means exploring locations (like the ocean) that are not conducive to human life. 
Further, many species are difficult to tell apart.  For example, the endangered Stephens’ kangaroo rat and 
the pacific kangaroo rat of California, US, can sometimes only be told apart with genetic tests. 

The discussion listed the following: lack of infrastructure, topographical constraints, or cultural reasons.  
However, students should expand on what “lack of infrastructure” means. Could it be roads, a formal 
economy, adequate labor, irrigation, etc.  The students should also expand on what cultural factors might 
influence development.  For example, in many Central and South American countries there is prestige in 
owning cattle, might it be that owning a palm plantation is not as prestigious? 

45,000- 69,000 endangered orangutans are left, 1,500 (although largely unknown) endangered Bornean 
elephants, and critically endangered 7,500 Sumatran tigers.  The fact that the less populous Bornean 
elephant is not critically endangered could be due to the lack of information on the species or due to the 
fact that there were never that many to begin with.  Students should expand on this.  The paper lists 
the following species at risk in South America: little woodstar (a hummingbird smaller than your pinky 
finger), yellow-ridged toucan, the largest species of armadillo, and numerous brightly-colored poison frogs.  
Students should be encouraged to look for more. Try using the IUCN website: http://www.iucnredlist.org/

There are lots of possible answers to this: height, weight, running speed of students, temperature of a 
summer day, scored (say 1-10) reported happiness of someone at hearing a compliment, etc. More detail 
at https://en.wikipedia.org/wiki/Average and   https://en.wikipedia.org/wiki/Variance.
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