
                                     
Practical Science Simulation – L. Evancio & T. Paton

How many bears can live in this forest? 

Part A: practical science simulation written report 

Introduction to the Ecological Simulation

Following several explorations of the habitats and basic survival needs of herbivores’, carnivores’, and omnivores’, students will put this knowledge to work in a simulation activity intended to promote a deeper understanding of the interactions between animals and their resulting survival probability. The focus of the simulation will primarily revolve around competition, limiting factors, and population density, considering basic needs and survival necessities. The simulation has been organized in two rounds, each of which concentrates on different factors: Round 1 promotes student understanding of the ‘bear necessities’ required by bears to survive, based on a 10-day period, and recognition of common limiting factors, causing the task of survival to be increasingly more difficult for some individuals; and Round 2 places students into an entirely revised role in their ecosystem as individuals assume different animal roles, interacting and competing in the same ecosystem, taking into account limited food, aggressive and deceitful competitors, necessary cunning natures, and the necessary safety of shelter.

Manitoba Grades 5 to 8 Science Curriculum Objectives

Grade 7, Cluster 1: Interactions with Ecosystems

7-1-01 Use appropriate vocabulary related to their investigations of interactions with ecosystems. Include

7-1-09 Analyze food webs, using ecological pyramids, to show energy gained or lost at various consumer levels. Include producers, primary, secondary, and tertiary consumers. GLO C2, C8, D2, E4

7-1-010 Analyze, using ecological pyramids, the implications of the loss of producers and consumers to the transfer of energy within an ecosystem. GLO C2, C8, D2, E4

7-1-12

Provide examples of scavengers and decomposers, and describe 

their role in cycling matter in an ecosystem. Include micro-

organisms. GLO D2, E1, E2, E3 

Materials


Round 1

· 5  5cm x 5cm square cards per student (only for number purposes - obtaining the cards is their own responsibility; left to chance) each of 6 colours (150 squares for a class of 30 students) 

· 44 brown cards (representing NUTS: acorns, hazelnuts, chestnuts, hickory nuts); 8 cards marked N-10; 36 cards marked N-5

· 39 purple cards (representing BERRIES: blackberries, elderberries, raspberries); 7 cards marked B-10; 32 cards parked B-5

· 44 yellow cards (representing INSECTS: grub worms, larvae, ants, termites); 7 cards marked I-6; 37 cards marked I-3

· 43 red cards (representing MEAT: mice, rodents, beaver, muskrats, young deer); 8 cards marked M-4; 35 cards marked M-2

· 38 green cards (representing PLANTS: leaves, grasses, herbs); 7 cards marked P-10; 31 cards marked P-5
· 35 blue cards (representing WATER: lakes, rivers, springs, marshes, streams) 
· 1 envelope for each students (representative of “DEN POCKETS”)

· Markers (available to students with which to write their names on their envelope)

· Large open area (multi-purpose room, gymnasium, or outdoor field)

· Porcupine quills

· Roll of toilet paper

· Tensor bandage

Round 2

· Gym mats

· Scissors (with which to cut initial envelope in half to make two dens – stash & consumption)

Both Rounds

· Guided, exploratory worksheets

Method/Procedure

Round 1

Activation - evidential

1. Teacher greets students at the door wearing a bearskin rug, happily growling. Nuts, berries, plants, fake raw meat, and water in fish bowls are scattered across the front lab table. Students are intrigued, if only by the fact that their already ‘off-the-wall’ teacher has completely lost it.

2. “Considering what we’ve learned about herbivores’, carnivores’, and omnivores’ habitats and basic survival needs, do you think a bear could live in this classroom, in reality?” [Target response = No, because bears need more space, natural shelter, less competition (too many humans), they are not adapted to survive in this environment, etc.]  

3. “What sorts of habitat do we know bears require in which to live?” (Target Response = miles of natural, vegetation-rich space)

4. “If we had 5 acres of land & forest, how many bears do you think could live in this forest?” “What factors would impact how many bears could live there?” (Target Response = food, water, shelter, competition…). “To figure out how many bears could actually live in this forest, why don’t we test it out for ourselves?!” To do this we will need a much larger area than the classroom so we back up and go the gymnasium.

5. Untold to students is that there are 180 cards which have been created representing nuts, berries, insects, meat, plants, and water on which the bears, whose identities students will be assuming, will have to forage and attempt to survive. 

6. Undisclosed to students, the teacher keeps in mind the above figures and creates cards according to the chart below:

Figure 1.1

	Food Type
	Card Colour
	Type 1 
	Type 2
	Total Number
	Total Mass
	10-Day Ratio

	Nuts
	Brown
	36 of 5kg
	8 of 10kg
	44
	260kg
	10kg

	Berries
	Purple
	32 of 5kg
	7 of 10kg
	39
	230kg
	10kg

	Insects
	Yellow
	37 of 3kg
	7 of 6kg
	44
	152kg
	6kg

	Meat
	Red
	35 of 2kg
	8 of 4kg
	43
	102kg
	4kg

	Plants
	Green
	31 of 5kg
	7 of 10kg
	38
	225kg
	10kg

	Water
	Blue
	35 units
	0
	35
	35 units
	+ 1 unit of water


7. Keep in mind, as the facilitator, that there should be less than 40kg of food per student so that there is not actually enough food in the area for all the ‘bears’ to survive. However, there is enough water for each ‘bear’ to survive, but considering ‘bears’ will not be told how much water they require, dependent on how much each ‘bear’ deems necessary, some ‘bears’ may be left without water while others have too much water and not enough food.

8. Once on site in the gymnasium, one envelope is distributed to each student, representing his or her ‘den site’, and on which they are requested to write their names, real or using only their ‘bear’ imaginations. Each bear’s envelope should be left on the ground (perhaps anchored with a rock) at the starting line on the perimeter, or edge, or the room, gymnasium, or field at which this activity will take place.

9. Have the students line up on the starting line, leaving their envelopes between their feet on the ground. Give them the following instructions: “You are now all ‘black bears’.  All bears are not alike, just like you and I are not alike and each have different challenges in our lives.” Select 3 students and hand each one of the following props: a) 2 stuffed animal bears; b) tenor bandage; and c) a string of toilet paper. “Among you are the followng:

a) Female Bear with cubs (A.K.A. Mama Bear and Baby Bears #1 & #2):


- needs to nourish cubs


- must gather twice as much food as normal

b) Wounded male bear (A.K.A. Papa Bear):


- got into territorial fight with another male and is lame


- must gather food by hopping on one food

c) Curious young bear (A.K.A. Baby Bear #2):


- got too close to a porcupine and has a quills stuck in its eyes

· must gather food with blindfold (toilet paper so not completely helpless” 

· Bears rely more on their sense of smell to begin with – provoke this initiation

10. Do not tell the students what the colours, initials and the numbers on the pieces of paper represent.  Tell them only that the pieces of paper represent various kinds of bear food; since bears are omnivores, they eat a wide variety of food sources.  Students should then gather a variety of food sources (coloured cards) to get a varied diet.

11.  “Bears walk in the forest, and only run when challenged or threatened.  They are more opportunists than hunters, taking whatever food option presents itself that given day.”

12.  Once all the food cards have been consumed, or gathered, the food-gathering portion of this activity is over. All the bears must return to the starting area, and retrieve their ‘den’ envelopes.

Acquisition - Psychological
13.  At this time, the teacher asks students: “what do you think the different colours represent?” Following responses from students, reveal: a)the different representations of cards (Brown=Nuts, Purple=Berries, Yellow=Insects, Red=Meat, Green=Plants, and Blue=Water); and b)the amount required, or ‘bear necessities’ for a single bear’s survival in a ten-day period, as listed in Figure 1.1 or mores simply summarized in the following: 

Nuts 
– 10kg = 25%

Berries 
- 10kg = 25%
40kg = 100% food + an undisclosed amount


Insects
- 6kg  = 15%

  of water required for 10 days of 

Meat

- 4kg  = 10%


  survival as a bear

Plants
- 10kg = 25%

Explain to students that the above figures are based on actual research data from a study, indicating a mature black bear could typically eat about 4kg of food per day in a ten-day period.

14.  Then, students must add up and record on their corresponding worksheets in the first table, in the row labeled Round 1A, the total number of kilograms of food (and units of water) each ‘bear’ gathered (i.e. 5 units water, 10kg meat, etc.).  The game may be played again, to see if survival rates improve when students are aware of what they need to survive, and results may be recorded in the row Round 1B.
Application - consolidation
15.  After recording their gathered food on their worksheets, and determining survival, students are to report to the teacher at the front of the room where a chart, like the ones on the students’ worksheets, has been constructed to include all of the students. Special rows are designated for the Mamma Bear, Injured Pappa Bear, and Blinded Baby Bear. Following each student’s data being recorded, a guided class discussion ensues: Ask the Mamma Bear, Injured Pappa Bear, and Blinded Baby Bear how much food they got, in front of the class, and record this information. Remind the students that each bear needed 40kg of food and one water card to survive, while Mamma Bear needed 80kg of food. Ask students which bears survived with a show of hands, and highlight on the chart these survivors so that students have a visual of how few survived.

16.  Go through the Round 1 worksheet with the students as the questioning guide and response tool.  Determine whether the 3 unique bears will survive. Following responses and a discussion about the Mamma Bear and her most viable chances for survival, explain that the Mamma bear will eat first, and the cubs will get whatever, if any, is leftover. The most must survive; she is the hope for a continued bear population. She can have more cubs in her life; only one needs to survive in order for the population to remain stable.

17. Discuss the necessity of water. Observe, as a class, how much students collected water squares during each round. Discuss why water is important and that it can be a limiting factor and is an essential component of a habitat. “Considering the limited number of water squares, what does this tell us about the number of bears able to live in this area?”

18.  Ask students to attempt to determine how healthy their bear would be considering what they know about its ‘bear necessities’ for survival compared with the cards/food/water they were able to obtain.

19. Percentages may be calculated of the amount of kilograms of each food item out of the total collected, so that each ‘bear’ may see whether their diet was balanced or not, based on the chart (above) discussing ‘bear necessities’, including percentages. 

20. Arrive at a class total for all of the kilograms of food they gathered as bears. Divide the total by the 40kg needed by an individual bear (approximately) in order to survive in a 10-day period. How many bears could this habitat support? Why then did only x bears survive when we did this activity? (Target Responses = limited supplies, limiting factors such as cubs and injury, intelligence, understanding of the activity, …) Is that realistic? What percentage of the bears survived? What percentage would have survived had the food been evenly divided? In each case, what percentage would not survive? Follow questions on the worksheet with this line of questioning towards discussion and consolidation.

Round 2

	Organism
	Units of Food
	Can Consume
	Food Required
	Water Needed
	Reproduction Rate

	Vegetation
	1
	None
	None
	-
	Unlimited

	Mice
	1
	Vegetation
	3 units
	1
	4x

	Rabbits
	5
	Vegetation
	5 units
	1
	3x

	Deer
	10
	Vegetation
	10 units
	2
	2x

	Moose
	15
	Vegetation
	10 units
	3
	1x

	Fox
	5
	Mice, Rabbits
	5 units
	2
	1x

	Wolves
	8
	Mice, Rabbits, Moose*, Deer
	30 units
	3
	1x

	Bear
	15
	All but Human
	35 units
	3
	1x

	Ravens
	2
	Dead Animals
	4 units
	1
	1x

	Human
	-
	All Organisms
	20 units
	3
	1/2x


Activation - evidential
1. Explain to students that this round will consider several factors, once of which will be shelter as a predatorial safeguard. In the same location as previous activity, set up some shelter locations (gym mats or something else the animals can “hide” in. 

2. ‘Shelter’ locations represent the hiding areas for the animals and they are ‘safe’ from predators here (remember if they don’t leave, they will not collect enough tokens/cards). A predator cannot chase its prey into shelter to catch it – it is fleeing from another predator (they can only do this if another predator is chasing them). If a predator seeks shelter, all prey must flee and find somewhere else to hide.  The fleeing predator must count to five before it can leave – if it chooses to    (This is to ensure they don’t just run and out of the shelter and continue to chase).

3. Secondly, this round will incorporate the necessity and vulnerability of a water source. Set up a “water hole” (spread stack of water tokens) where the animals can come to drink. The animals must crouch to a crawl to get water (more vulnerable).

4. In addition, clump areas of vegetation (sources of plant life for herbivores or omnivores) will be included together throughout the area to serve some of the new additions to this ecosystem simulation. The new additions to the ecosystem means that in addition to a few black bears, are 8 other competitors vying for the many of the same resources, or each other.

5. Students learn that new rules are involved in the conduct of each animal. Each animal carries with them their value in units of food.  If caught by a higher predator, they must give up their tokens/cards of food and leave the playing area for the remainder of the round.

6. Scavengers (Ravens) are added into the mix of competitors, and can take food from predators (tag them while exchange of food tokens is going on from prey (must give one token away).

7. Moose are big animals, even for wolves, in order to catch a moose, wolves must ‘pack-up’ (at least 2 wolves).  To successfully catch a moose, a second wolf must be within 2 meters of the moose when it is tagged by the first wolf.  The food tokens are then split between all the members of the pack (any odd tokens are given to the wolf who caught the moose – also known as the Alpha Male).

8. The ‘human’ student(s) must survive for two successive rounds to produce offspring (1/2 reproduction rate).

Acquisition - Psychological
9. “With all of this talk about predators and prey, who are they anyway?! Do you remember?” As a reminder for students, go through, with guided discussion and responses, who the predators and prey of each animal are so that they may complete their own Predator-Prey Card. The one below is created for you, like a teacher copy.

10. Since students have learned about herbivores, omnivores, and carnivores, they may also apply their knowledge to ensure they have learned the characteristics of each. The herbivores and omnivores may carry their “den” pouches with them wherever they go, but only vegetation tokens can be put inside – carnivores must take their “kill” back to their stationary “den”(representing consuming activity).

Application - consolidation
11. Every round consists of five to ten minutes (dependent on student ability of understanding), at the end of which, every student must count up the number of tokens they have collected to determine if they have survived to reproduce offspring (see chart for food required section – i.e. wolves require 30 units), or if they have not survived.  

12. In addition, students will calculate how many new offspring there should be based on the results of the previous round (Each animal has own reproductive rate – i.e. each surviving mouse produces 4 young for the next round).

13.  Students will record both the consumption (cards) and reproduction results on the data table for each animal group. These will be graphed once we return to the regular classroom.

14.  The next round is started with competitor numbers based on the previous round’s results. (Note: Should there ever be 0 of any group, take one person from the largest animal group and convert them so there will always be a chance for one animal group to start over.)

How many bears can live in this forest? 

Part B: practical science simulation – Student investigation & consolidation 

A. What time is it Mr. Wolf?

Who cares what time Mr. Wolf thinks it is – he’s not the king of the forest, now. Bears are running the show, and its time to find out, first-hand, what’s going on - how are they managing, who is standing in their way, is anyone sticking their nose where they shouldn’t be, and what or who threatens their reign? Goal: To survive! Considering what you already know from our explorations of the habitats and basic needs, or ‘bear necessities’, for herbivore, carnivore, and omnivore, respond to the following questions to get your scientific brainpower ‘bruin’. 
1. What sorts of habitat do we know bears require in which to live?

__________________________________________________________________________________________________________________________________________________________________

2. If we had 5 acres of land & forest, how many bears do you think could live in this forest? Justify your prediction.

__________________________________________________________________________________________________________________________________________________________________

3. Which factors would impact how many bears could live there? The more you list the better!

__________________________________________________________________________________________________________________________________________________________________

B. Step into the ring, but ‘bear in mind’, This is no place for goldilocks!

1. Be the bear! Take bear life into your own hands, and find out what its all about, by being one in the simulation. Rules: #1. Fill your den with as many cards as you can. #2. Do NOT Run.

2. Record your consumption (the cards in your den site envelope) for each round, each of which might place you in bearly manageable situations.

3. In the last column, ‘Bear Survivor, or out of the forest on your Bear Bum,’ you must figure out which one you are. Add up the kilograms of food you have collected, and based on this, record your status. 

4. Determine your status: ‘Bear Survivor’ = you have collected at least one of each coloured card from the food categories, and the total of the cards is 40kg + one water card (water is an essential component of a habitat. ‘Bear Bums’ = you do not have one of each card, and the cards don’t total 40kg, +/or you do not have a water card.

	Bear Basics: More than porridge!



	
	Nuts
	Berries
	Insects
	Meat
	Plants
	Water
	Bear Survivor, 

or 

Out of the Forest on your bear bum?!

	Round 1a
	
	
	
	
	
	
	

	Round 1B
	
	
	
	
	
	
	


Round 1: solve the unsolved bear Family home invasion mystery!

Bear Basics
1. Was there enough food and water to feed all of the bears?  Y    N

2. Why did each of the bears require a water square? What would happen a bear tried to live without water?

______________________________________________________________________________________________________________________________________________________________________________
Testing the Braun of the Bruins
3. Recognizing there were actually 4, not 3, bears in the family (Baby Bear #2 was exploring in the forest the day the Goldilocks kafuffle happened), Mama bear has 2 extra mouths to feed, meaning both that these little mouths need extra nourishment and Mama needs to gather twice the food to survive. 

Did she collect twice enough food during our simulation? What will happen to her cubs?

_______________________________________________________________________________________________

_______________________________________________________________________________________________

Will she feed her cubs, first or herself? Why? What would happen if she fed the cubs? What if she ate first? _______________________________________________________________________________________________

_______________________________________________________________________________________________

If the cubs die, can she have more cubs in the future, and perhaps during more abundant, years?

_______________________________________________________________________________________________

What does this tell us about mother bears with cubs as they survive in the forest?

_______________________________________________________________________________________________

_______________________________________________________________________________________________
4. Papa Bear stayed out too late with the boys one night, and upon taking a wrong turn on his way home ends up trespassing on the territory of another male. The two guys can’t seem to talk it out, so a fight ensues. Papa Bear, not in his prime anymore, was considerably worse for wear after the fight, with one mangled paw. 
How does this impact on his search or methods for gathering food? 

_______________________________________________________________________________________________

_______________________________________________________________________________________________

What does this tell us about lame bears’ survival in the forest? 

_______________________________________________________________________________________________

_______________________________________________________________________________________________

5. Baby Bear’s curiosity got the better of him when he saw the most intriguing creature, wearing his hair in the latest style – spikes! That was no fashion queen, Baby Bear discovered when he ventured too close, and ran blindly away with quills in his eyes. Since we know bears rely heavily on their sense of smell, this wasn’t the end of the world, but could be considered ‘a thorn in his side.’ 

Did this limit how much food Baby Bear was able to obtain? Which factors enabled his success?
_______________________________________________________________________________________________

_______________________________________________________________________________________________

Considering Papa Bear’s mishap, what does Baby Bear’s story tell us about the survival success rate of injured bears in the forest? 

_______________________________________________________________________________________________

_______________________________________________________________________________________________

Bearing Brilliance

6. Only ______ bears survived. Is this realistic?  Y    N

7. Which ‘limiting factors’, cultural or natural, would be likely to actually influence the survival of individual bears and populations of bears in an area?

______________________________________________________________________________________________________________________________________________________________________________________________
Round 2: breaking news! Was Goldilocks a scavenger in disguise?! 

goals: The object of Round 2 is to survive as one of the many animals interacting in our ecosystem. 

  This will mean considering several factors involved in survival, including predators, shelter, 

  and appropriate food sources.

Rules: 1. You will assume the role of the animal you are assigned.


  2. Shelters (gym mats) are ‘safe grounds’ where no predators may attack.


  3. Animals using the shelter must be there for a minimum of 5 seconds each time.


  4. If prey is in a shelter when a predator arrives, prey must leave and find safety elsewhere.


  5. Refer to your Predator-Prey card to determine who you need to watch for and who you need to watch out for!


  6. Water cards may only be retrieved from ‘water holes,’ where all animals must crouch to a crawl to obtain these.

  7. ‘Den 1 – stash’ envelopes with vegetation and water cards, must be carried at all times.

  8. Carnivores must take their kill back to their den sites to consume it immediately, therefore ‘Den 2 – consumed’ envelopes with meat cards, must remain at the den site at all times.

  9. If caught by a predator, prey must give up the contents of their envelopes and leave the playing area for the remainder of the round.

  10. You are a Survivor if you acquire enough food units to reproduce, and you are not caught by a predator.

	Predator-prey Card

	If your name is…
	Watch Out for (Predators)…
	Watch for (Prey)…

	Mouse


	Foxes, Wolves, Bears, Humans
	Vegetation

	Rabbit


	Foxes, Wolves, Bears, Humans
	Vegetation

	Deer


	Wolves, Bears, Humans
	Vegetation

	Moose


	Wolves, Bears, Humans
	Vegetation

	Fox


	Wolves, Bears, Humans
	Mice, Rabbits

	Wolf


	Bears, Humans
	Mice, Rabbits, Deer, Moose, Foxes

	Raven


	Foxes, Wolves, Bears, Humans
	Any predator who has caught its prey

	Bear


	Humans
	Mice, Rabbits, Deer, Moose, Foxes, Wolves

	Human


	No one can get you… only yourself – need food!!
	Anything that moves and anything green!!


*As noted in the instructions, this card would be thoughtfully and cooperatively completed in class, but for the purposes of this assignment it has been completed in advance.

	Animal Population Record 

	Round Number
	Mice
	Rabbits
	Deer
	Moose
	Foxes
	Wolves
	Ravens
	Bears
	Humans

	Starting
	9
	5
	4
	3
	3
	2
	2
	1
	1

	A
	
	
	
	
	
	
	
	
	

	B
	
	
	
	
	
	
	
	
	

	C
	
	
	
	
	
	
	
	
	

	D
	
	
	
	
	
	
	
	
	


Clearing goldilocks’ Name

1. How do the requirements for a balanced and nutritious diet of your animal (role you assumed) seem to compare with the needs of humans?

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. What happened to the animal populations when there were too many carnivores? What about when there were too many herbivores?

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. What is positive about the fact that mice and rabbits have high reproductive rates?  Is it a good thing that wolves have a low reproductive rate? Explain your responses.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. The scavengers seemed to be annoying to the carnivore since they were stealing their kill.  

Do the research: Which, if any, positive roles do scavengers play in the real world (or are they 

simply the loudly squawking, annoying creatures as we know them)?  

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5. Suppose there is a forest with no carnivores and plenty of vegetation.  What would happen to the herbivore population? Do the research: Describe some problems that occur when a population of herbivores becomes too high. (i.e. deer overpopulation)  

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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