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Follow That Bear
Using GIS to Investigate Black Bear Population



	         Lesson         Overview


	Students will use GIS technology and software to analyze data of black bears in Montana. Students will create maps and look for any correlation between bear population and habitats, migration, human population, and whatever ideas are created by students. 



	Estimated Time
	Five-Seven 45 minute class periods


	Materials
	· Student handouts to be copied:

· Estimating Population Size Lab Sheets (p.12-14)

· Follow that Bear Article (p.15-17)
· Blank State Map 
· GIS Investigation sheets
· Teacher Notes

·  Bear Data Sets need to be loaded onto the school server. The data sets can be found at FWP website; www.fwp.mt.gov

	Standards & Objectives
	[National  Science Education Standards]
Standard

Middle School

Content Standard A
Science As Inquiry
· Identify questions that can be answered through scientific investigations.
· Use appropriate tools and techniques to gather, analyze and interpret data.

· Develop descriptions, explanations, predictions, and models using evidence.

· Think critically and logically to make the relationships between evidence and explananations.

Content Standard C
Life Science
· A population consists of all individuals of a species that occur together at a given place and time. All populations living together and the physical factors with which they interact compose an ecosystem.
· The number of organisms an ecosystem can support depends on the resources available and abiotic factors, such as quantity of light and water, range of temperatures, and soil composition. Given adequate biotic and abiotic resources and no disease or predators, populations (including humans) increase at rapid rates. Lack of resources and other factors, such as predation and climate, limit the growth of populations in specific niches in the ecosystem.
· Extinction of a species occurs when the environment changes and the adaptive characteristics of a species are insufficient to allow its survival. Fossils indicate that many organisms that lived long ago are extinct. Extinction of species is common; most of the species that have lived on the earth no longer exist.

Content Standard E
Science and Technology
· IDENTIFY APPROPRIATE PROBLEMS FOR TECHNOLOGICAL DESIGN. Students should develop their abilities by identifying a specified need, considering its various aspects, and talking to different potential users or beneficiaries. They should appreciate that for some needs, the cultural backgrounds and beliefs of different groups can affect the criteria for a suitable product.
· COMMUNICATE THE PROCESS OF TECHNOLOGICAL DESIGN. Students should review and describe any completed piece of work and identify the stages of problem identification, solution design, implementation, and evaluation.
· IMPLEMENT A PROPOSED DESIGN. Students should organize materials and other resources, plan their work, make good use of group collaboration where appropriate, choose suitable tools and techniques, and work with appropriate measurement methods to ensure adequate accuracy.
National Geography Standards
Geography Standard
Middle School

Standard 1
How to use maps and other geographic representations, tools, and technologies to acquire, process, and report information
· Globes and maps have been among the most ubiquitous tools for learning geography. They have been joined by aerial photographs, remotely sensed images, and geographic information systems. As technology makes them easier to make, maps and other geographic representations appear practically everywhere.

Standard 2
How to use mental maps to organize information about people, places, and environments.
· Globes and maps have been among the most ubiquitous tools for learning geography. They have been joined by aerial photographs, remotely sensed images, and geographic information systems. As technology makes them easier to make, maps and other geographic representations appear practically everywhere.

Standard 18
How to apply geography to interpret the present and plan for the future.
· An understanding of the contemporary world requires an understanding of geography, that is, of the physical and human systems that drive world events. Geographic concepts also help us think clearly about alternative futures and make us wise decision-makers.

Spatial Literacy Standards
Technology Standard

Middle School

Content Standard 1

Habitats of Mind
Use data to look for spatial patterns.
Content Standard 2

Informed Spatial Thinking
Create GIS-generated surface maps using geo-databases created by gathered data to describe, predict, summarize and draw conclusions.
Content Standard 3

Thinking Critically, Spatially
Evaluate the quality of spatial data based on source, accuracy, and reliability, using this data to construct and defend a line of reasoning.


	Objectives
	The student is able to:

· Describe how scientists use GPS to track wildlife
· Use waypoints to plot bear locations on a map
· Use GPS data to determine the migration of bears
· Use Arc GIS to analyze spatial data sets



	GIS Skills & Tools
	· Create map layouts with various layers
· Adding data

· Changing symbols

· Querying map data

· Select by attributes

· Creating new information from existing data.


	
	A GIS is a computer-based system that collects, stores, displays, manipulates, and analyzes data, and then links the information to locations on a map. The GIS stores the map-based data in layers, with each layer containing a single specific type of data. Those data layers then can be manipulated and analyzed, either individually or in combination with other layers.

Study of wildlife tracking data in GIS helps us better understand various characteristics of these animals. For instance, migratory patterns, habitat analysis, summer and winter ranges, types of prey, animal-human conflicts, can all be studied with various operations in GIS software like ArcMap.


	Teacher

Notes
	The data students will be using is data from the works of Rick Mace. Rick Mace has worked as a Research Biologist for MT Fish, Wildlife, & Parks for 25 years. Dr. Mace’s research has ranged from osprey to bears, but now focuses primarily on grizzly and black bears in northwest Montana. He was the director of one of the longest-running grizzly studies in the lower 48 states, the 10-year South Fork Grizzly Research, which helped to structure the way in which grizzlies are currently managed across their range.  Rick is directing on two projects: Montana state-wide black bear research and the Northern Continental Divide Grizzly Bear Trend Monitoring Research Program. To get the data sets go to www.fwp.mt.gov , click on the tab Inside FWP, click on Our Department, click on GIS data, and then on Wildlife Distribution link. Several data sets our available for downloading.

	Lesson Introduction
	Standard instruction on tracking wildlife populations in middle schools include learning about carrying capacity, the methods biologists use to estimate a population of a species, predator-prey relationships, biomes, ecosystems, limiting factors, and management of wildlife. 
Student instruction on monitoring wildlife populations is limited.  For many decades scientists have been using the traditional methods of capture and tag for monitoring population of wildlife. Students are exposed to these methods along with random sampling to help mock the way biologists estimate population sizes. 

After completing several activities students will take that knowledge and apply it to actual data sets. The data should be accessible to the students and can vary depending on the information you want the students to achieve.
Students should be familiar with GIS software ArcMap. Students have either gone through a tutorial or have prior experience creating maps using data sets. Whether students have experience or if they do not you can adjust this lesson according. A website that is helpful to both students and teachers is Montana Natural Heritage Project located at http://nhp.nris.mt.gov/ This website allows students to track wildlife without having the GIS software ArcMap. with large animals and animals in remote locations

	Student 

Activity
	Students will have completed the activity Estimating Population Size (see page 12). Upon the completion of this activity ask students if they know of any other ways scientists can monitor the population of a species. With the students of this generation being so technology savvy they will soon be discussing methods that can track animals using GPS units and satellites.  After a discussion and a list of ideas of ways students would track wildlife, students should read the article Follow That Bear (see page 15). After students have read the article, students color in a blank Montana State map predicting the location of black bears., but they are not the most efficient when dealing with large animals and animals in remote locations
Bridge the introductory activity’s process to GIS analysis of data; this is a different and more efficient way for scientists to monitor the population of wildlife. Tell students they will be exploring and analyzing actual data that was collected by biologists in Montana. Students will be working (with a partner) creating maps that show the distribution of black bears in Montana.  
Distribute the GIS Investigation sheets to students and explain that they will begin by creating maps that show the distribution of black bears in Montana. After analyzing the current data sets available to them the students will create their own map looking for any correlation the data has with limiting factors, National Forests, hunting districts, habitats and human population. 
Things to look for while the students are working on this activity:

· Are the students using a variety of tools?

· Are the students answering the questions as they work through the procedure?

· Are the students beginning to ask their own questions of the data they are observing?


	Conclusion
	Student abilities will range from novice to proficient. Be willing to work with all abilities during this activity. 


	Assessment
	Middle School: Highlights skills appropriate to grades 5 through 8
Students will work with a partner to create and present a map that shows black bear distribution and some other element that either effects the distribution in a positive or negative way. Students are encouraged to ask their own question about black bear distribution in the state of Montana and create a map accordingly. Layouts should be free of clutter, confusing colors or symbols, and use clear, direct captions and titles. Layouts should also include necessary map elements including legend, scale bar, and north arrow. Along with a layout each group will include a written summary which includes conclusions, explanation of data sets, and how their map is helpful to fellow biologists.


	Extensions
	· Have students create maps with the summer and winter elk populations.
· Conduct a research to determine whether global warming is effecting the polar bear population.


	Web Links
	· Montana Natural Heritage Project
       http://nhp.nris.mt.gov/
· Montana Fish, Wildlife, & Parks

       http://fwp.mt.gov/default.html
· Spatial Science
       www.spatialsci.com 

· Estimating Population Lab Sheets
       www.biologycorner.com/worksheets/estimatepop.html
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Name ________________________________

Date ______________________
Using GIS to Investigate Black Bear Population

A GIS investigation

Scientists use GPS to track everything from bears to prairie dogs. Using GPS is the closest biologists can get to learning where an animal travels throughout a day, week, or even a year. Biologists can even receive information every few hours about the migration of a bear. The GPS collar stores data until biologists collect the device and download the locations, called waypoints. After downloading waypoints from a collar, they enter the data into a computer software program and create data sets on each bear. This is how biologists are able to determine the number of bears in a given area. In this activity you will be using real data and GIS technology to examine the distribution of black bear population in Montana.
Where are Black Bears in Montana?
Our first task is to try and determine where the black bear populations are. First, let’s predict where the population is in Montana. Find the blank Montana State map and draw where you hypothesize black bear population is distributed.
In the space below, explain why you put the bear population where you did. What prior knowledge did you have to derive at your location of the bear population?

Now let’s look at some real data that was retrieve from several black bears that are being monitored by biologists.

Step 1: Creating a Map
1. On the desktop you will find a shortcut named ArcMap
2. In the dialogue box that appear chose “new empty map”, and then click OK
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3. Click on the add data icon

4. Click on connect to folder

5. Highlight the Montana Arc View Folder and click OK
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6. In this folder you will find various shape files.  Remember that shape files have .shp behind the names.

7.  First add ab41.shp
8. Next add bear117.shp to the layer
9. Add hd49a.shp to the layer
10. Add towns.shp 
Step 2: Rename and changing data layers
1. Rename each layer a name that is easy for you to recognize. Remember to double click on the name and then rename accordingly.
2. Change the color of each layer to a color that is appropriate.

3. Double click on each symbol and change the symbol and the size of each symbol. Remember to make the size and color appropriate to your map.
· Now that you have the bear population on your map look back at the blank map that you predicted where black bear populations are located in Montana. Did you place some of the bear population in the same areas that biologists currently tracking black bear population? Where were these places?
Step 3: Working with the Data
1. There are over 600 cities on your map and is overwhelming making your map cluttered.  Lets get rid of some the cities with a population of 500 or greater. To do this we’ll need to make a definition query to tell the computer to show only those cities with a population of 500 or greater.
2. Double click on the cities label.

3. Click on the Definition Query tab.

4. Click on the Query builder button.

5. In the fields’ box, scroll down to find POP_2000 (for population 2000) and double click on it.

6. Click on the >= symbol and then type in 500 in the white box at the bottom, your query should look like the following: POP_2000>=500
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7. Click OK in both the Query Builder box and the Layer Properties box to see how this changes your map.
Step 4: Black Bear Population Based on Terrain
1. Add the terrain shape as a layer to your map

2. Look at your GIS map and see if you can see a relationship between the terrain and the location of black bears. Do you notice if there is a difference in density of black bear population in Western and Eastern Montana? 
3. On your blank Montana map draw in the terrain of Western and Eastern Montana.
Step 5: Black Bear Population Based on Elevation
Now that you have added the terrain to the map lets look at the elevation in the terrain. Follow the steps below to help us understand the elevation in the terrain of each city.

1. Double click on the cities. We are looking at cities with a population greater than 500.
2. Click on Definition Query and the Query Builder button.

3. Make your query read POP_2000>=500.

4. Click OK twice.

Now we want to have the computer show the elevation of the cities.

1. Double click on cities

2. Click on Symbology. Find the Show box to the upper left then click on Quantities in this box. Make sure Graduated colors are highlighted.

3. Find the Fields box at the top center and in the Value box, select elevation. Choose the color scheme of yellow to brown.

4. Click OK
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Look at the GIS map and see if you can see a relationship with the cities at a higher or lower elevation with the black bear population. What differences do you see with the cities in the Eastern and Western part of the state and bear population?
Now that you have created a map with several layers and learned how to use several tools, it is now time for you to create a map comparing the black bear population with another element. What other studies are important for biologists to be watching along with the population of black bears? What different factors might be effecting the black bear population? 

For Review: Tools

· In your tool box you have the magnifying glass that both zooms in (+) and zooms out (-)

· You have the identify tool (blue circle with the i) that will identify a city, stream, etc.

· You can right click on an item in the layers box and open attribute table to find more information about a given item.

Names______________________________
______________________________
Estimating Population Size Lab
Objective:  You will be expected to estimate the size of a sample population using the mark-recapture technique.  Be able to apply the technique to new population problems and compare the mark and recapture technique to other methods of population estimating.
1.  If you were in charge of a team given the responsibility to determine the number of sunfish in Horseshoe Lake, discuss with your partner how would you accomplish this task and describe in detail below.
Technique 1:  Sampling
A technique called sampling is sometimes used to estimate population size. In this procedure, the organisms in a few small areas are counted and projected to the entire area.  For instance, if a biologist counts 10 squirrels living in a 200 square foot area, she could predict that there are 100 squirrels living in a 2000 square foot area.  
2.  A biologist collected 1 gallon of pond water and counted 50 parameciums.  Based on the sampling technique, how many paramecium could be found in the pond if the pond were 20,000 gallons.  
3.  What are some problems with this technique?  What could affect its accuracy?
Technique 2 - Mark and Recapture 
In this procedure, biologists use traps to capture the animals alive and mark them in some way.  The animals are returned unharmed to their environment.  Over a long time period, the animals from the population are continued to be trapped and data is taken on how many are captured with tags.  A mathematical formula is then used to estimate population size.
Procedure:
You will receive a bag that represents your population (beans, pennies, chips, beads)
Capture 10 “animals” by removing them randomly from the bag.
Place a mark on them using tape or string
Return the 10 marked “animals” to the container
With your eyes closed, select 15 “animals” from the contain one at a time.  This is the recapture step.   Record the number of “animals” recaptured that have a mark on the data table. 
  Return the “animals” to the bag and repeat. Do 10 recaptures.
  When the ten recaptures are completed, enter the total number captured on the data table
Also enter the total number of recaptured that have a mark
Data Table
	Trial Number
	Number Captured
	Number Recaptured with mark

	1
	15
	  

	2
	15
	  

	3
	15
	  

	4
	15
	  

	5
	15
	  

	6
	15
	  

	7
	15
	  

	8
	15
	  

	9
	15
	  

	10
	15
	  

	  
	  
	  

	Total:
	150
	  


Calculations
In order to estimate your population size, follow this formula
Estimate of Total Population = (total number captured) x (number marked)
                                                   (total number recaptured with mark)
4.  What is the estimation of your population?  (Show your calculations below)
                                                                   Estimated Size ___________
5.  Use the codename on your bag to check with the teacher about how many “animals” are really in your population.  
                             Name on Bag ___________________________  Actual Size _____
Analysis
6.  Compare the actual size to the estimated size.  Did you overestimate or underestimate?
	7.  Repeat the experiment, this time add another 10 data fields to the ten trials you already have.  
Recalculate your estimate using the formula.  (Show below)
 

 

 

 

What does this say about the number of trials that should be conducted in a real mark & recapture?
	Trial Number
Number Captured
Number Recaptured with mark
11
15
  

12
15
  

13
15
  

14
15
  

15
15
  

16
15
  

17
15
  

18
15
  

19
15
  

20
15
  

  

  

  

Total:
300
(add original data + new data)



8.  Given the following data, what would be the estimated size of a butterfly population in Greenough Park? 
A biologist originally marked 40 butterflies in Greenough Park.  Over a month long period ​ butterfly traps caught 200 butterflies.  Of those 200, 80 were found to have tags.  Based on this information, what is the estimated population size of the butterflies in Greenough Park?
 

 

9.  In what situations would sampling work best for estimating population size, in what situations would mark & recapture work best.  You’ll probably have to think about this one.  Justify your answer.
 

*Remove all tags before returning your population!
Follow That Bear
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How biologists track grizzlies, wolverines, and other elusive wildlife through the most remote reaches of Montana. By Becky Lomax 
This story is featured in Montana Outdoors
November–December 2007

“It’s a wonder we get any of these collars out,” says Rick Mace as he describes the difficulty of capturing female grizzly bears and fitting them with collars containing GPS (Global Positioning System) transmitters. For the past three years, the Montana Fish, Wildlife & Parks bear biologist has been studying grizzly population trends in Montana’s Northern Continental Divide Ecosystem (NCDE), which encompasses Glacier National Park and the Bob Marshall Wild​erness south to the Blackfoot Valley. The study requires that Mace and his crew regularly trap bears, which have to be grizzlies, not black bears. The captured bears must also be female, not male. And each animal’s neck must be large enough so the collar doesn’t slip off. “Trapping the right bear is like trying to find a needle in a haystack,” says Mace. Unfortunately, there is no other way to learn if NCDE grizzly numbers are rising, falling, or holding steady—vital information for determining the health of the grizzly population.

In 2004 bear specialists and biologists with FWP and other state and federal agencies, Indian tribes, and the University of Montana captured, tranquilized, and fitted GPS collars on 25 female grizzlies. Over the past three years the scientists have monitored the bears from aircraft to learn reproduction and survival rates. The results, based on a baseline population estimate, will help determine whether the NCDE grizzly population has recovered and should be moved toward federal threatened species delisting.
Key to this and dozens of other wildlife monitoring projects across Montana is the amazing technology of GPS. Originally invented for military purposes, a GPS unit can pinpoint the exact location of animals previously untrackable. The technology “has revolutionized our understanding of wildlife habitat and how animals use the landscape,” says John Squires, a U.S. Forest Service (USFS) biologist tracking the movements of lynx in northwestern Montana.

Learn more:

Montana FWP grizzly bear monitoring program 
Bighorn sheep research at Glacier National Park 
Elk-Wolf interaction in the Greater Yellowstone Ecosystem 
They can run but not hide
Scientists use GPS to track everything from bears to burbots. Kim Keating of the U.S. Geological Service Northern Rocky Mountain Science Center in Bozeman has followed bighorn sheep in Glacier National Park and neighboring Waterton Lakes National Park in Alberta. He is learning how often the sheep visit mineral licks and cross the international boundary. Within both Glacier and Yellowstone national parks, biologists from the USFS Rocky Mountain Research Station in Missoula are using GPS to locate wolverine home ranges and learn how the animals use their habitat. In the Madison Valley, wildlife scientists from Montana State University and FWP are tracking GPS-collared elk to understand the ungulates’ movements away from hunters and predators. The scientists are also following GPS signals sent from the collar of a single wolf to monitor the behavior of its pack. In addition, Montana-based scientists follow the movements of bison in Yellowstone National Park, waterfowl across North America, and fish in the Missouri, Blackfoot, Yellowstone, and Sun rivers.

Until recently, biologists relied on radio telemetry to track wildlife. The radio transmitter, attached to a collar, emits a signal frequency that a receiver picks up if the animal is within 1 mile. Like the child’s game of Hot and Cold, the receiver beeps louder and more frequently the closer it gets to the transmitter. Biologists hold the receiver and slowly rotate 360 degrees, listening to the beep frequency in order to get a fix on where the animal might be. These devices are still used, primarily because they are so inexpensive (roughly $300 each), but they require a great deal of walking and only work if the animal is nearby and in open terrain where trees and mountains don’t block radio waves. 

GPS works much better. Similar to the handheld models available in sporting goods stores, the GPS units used to monitor wildlife gather a location fix by trilateration, deriving coordinates from the intersection of any 4 of 27 satellites orbiting Earth. The GPS receiver determines where those four satellites are in space and how far away each one is from the receiver. The intersection of those distances pinpoints the exact location of the receiver, which is attached to a collar on the animal’s neck. 

Most of the weight on the collar is the battery, which regulates the life of the GPS. Every time the unit turns on, it eats up juice. Researchers in Glacier National Park last winter programmed the GPS units they put on trapped wolverines to take a reading every five minutes, which drained the batteries in just eight days. Some batteries last a year by gathering data less frequently. The Madison Valley wolf collar picks up data every three hours, while collars on Glacier National Park bighorns record locations in five-hour intervals. Madison Valley elk carry collars set to take readings every 30 minutes, and due to the animals’ larger size, the GPS units can carry a large battery that lasts a year. Mace extends battery life by setting his GPS units to shut down from November through mid-April, when the grizzlies are hibernating. Squires conserves battery power by programming the units on lynx to turn on only in winter and summer, when he is most interested in gathering information.

Encased in a plastic shell and mounted on a collar, the GPS and battery hang on the animal’s neck below the chin. To pick up information from satellites, a small flat antenna pack sits on top of the collar in direct line with the sky. Interference from heavy timber, cliffs, or even the animal’s body when it sleeps prevents the GPS from consistently recording fixed locations. Due to the dense forest where the animals frequent, collars on the Glacier wolverines pick up the animals’ locations only 50 percent of the time, compared to a 98 percent recording rate for elk in the open Madison Valley.

The GPS collar stores data until biologists collect the device and download the locations, called waypoints. Small locking devices programmed to unlock at a specific time release the collar from the animal’s neck. Biologists then use radio telemetry receivers to find the GPS collar, which contains a radio transmitter, and retrieve the data. More expensive GPS receivers, like the $5,000 models Mace uses on grizzly bears, relay the waypoints directly to satellites. The biologist accesses the data by computer to track and map a bear’s current whereabouts and route since the previous reading.

Getting a good fit
Biologists say trapping and collaring is one of the most difficult aspects of GPS tracking. No wild animal willingly submits to having someone cinch a plastic belt around its neck. Biologists use traps and then tranquilizers, or they drop nets on fleeing animals from helicopters, immobilizing the critters. Mace lures grizzlies into culvert traps or snares with deer road kill. While the bear is drugged, he fits a GPS collar snugly around its neck. As do researchers working on other species, he also takes advantage of the opportunity to gather hair, blood, and saliva samples, take measurements, and estimate age.
The collars must fit exactly. Too tight and the animal suffers; too loose and it will shed the hardware.

Biologists help manufacturers devise collars that work for different species. Badgers, wolverines, and other mustelids, which have heads narrower than their necks, are especially difficult to fit. “One of the hardest parts about tracking wolverines is just getting the collars to stay on,” says Rick Yates, lead field technician for the USFS studies. Mace’s collars have to fit just right so the antenna stays on top. “You can’t just slap any old collar on any bear,” he says. The 25-inch collars are designed for female grizzlies at least three years old and 150 pounds or more. If a bear is too small, the antenna hangs askew and picks up fewer satellite connections. 

Animals can lose collars before the lock is supposed to detach. Grizzlies often try to wriggle free, and cubs sometimes chew them off their mother. Mace says he loses two or three per year. He can quickly tell when one has been dropped because the coordinates don’t move. He then heads to the site and hones in on the collar using a handheld telemetry antenna that picks up the transmitter signals. One lost collar was detected almost im​mediately, near Glacier’s Granite Park Chalet. The device was at the bottom of an old pit toilet where the bear had been poking its nose. Mace had it back in hand the next day, ready for another bear.

Where do they go?
Using GPS is the closest biologists can get to learning where an animal travels throughout a day, week, or year. After downloading waypoints from a retrieved collar, they enter the data into a computer software program that plots the animal’s locations on a map. Each Madison Valley elk collar, for example, provided 16,000 locations over an 11-month period. Scientists see the rivers and mountain passes each animal crosses, which forest paths it takes, and where it spends summer and winter. The GPS data also shows when animals migrate, where they den or give birth, and where they feed. FWP and other agencies use the information to regulate both recreation and commercial uses to protect critical wildlife habitat. For example, if biologists see that a key deer wintering area is near a snowmobile trail, they may recommend rerouting the trail. Civil engineers use the data to protect wildlife migration corridors when routing roads and planning highway construction. 

GPS units also reveal little-known behavior. Dr. Bob Garrott of Montana State Uni​versity and FWP ungulate research scientist Ken Hamlin found that once elk leave the boundaries of Yellowstone National Park, they head to the safe confines of private land, which has less hunting pressure than national forests surrounding the park. Keat​ing, the bighorn researcher in Glacier National Park, has confirmed that wild sheep shun dense woods. One bighorn, for example, followed an arduous mountain peak route rather than take a shortcut through heavy forest, where it would have been more vulnerable to mountain lions or other predators. Mace found that one grizzly did not emerge from hibernation until mid-May—two months after most bears wake up. And Squires confirmed the highly territorial nature of lynx. “They have inflexible boundary routes that are nearly set in stone,” he says.

As GPS technology continues to improve and the hardware and batteries shrink, biologists soon will be able to track smaller animals. Some birds such as falcons and eagles have recently been outfitted with miniature backpacks carrying GPS transmitters. In fall 2006, Rob Domenech of Missoula’s Raptor View Research Institute fit a GPS pack on an adult golden eagle to learn where it spent the winter.
GPS units and batteries are still too large and heavy to use for songbirds. But if the constant shrinking of personal computers is any indication, it won’t be long before biologists will be able to track nearly any critter that flies, swims, runs, or crawls. That is, if they can figure out how to keep the darn collars from coming off.[image: image7.png]



Becky Lomax is a writer in Whitefish.

Middle School Assessment
As a biologist you have been asked to look at some data of black bear distribution. Areas to consider for any correlation are bear population and habitats, migration, human population, and hunting districts. These are just a few but are not limited to several other ideas. 
Students will work with a partner to create and present a map that shows black bear distribution and some other element that either effects the distribution in a positive or negative way. Students are encouraged to ask their own question about black bear distribution in the state of Montana and create a map accordingly. Layouts should be free of clutter, confusing colors or symbols, and use clear, direct captions and titles. Layouts should also include necessary map elements including legend, scale bar, and north arrow. Along with a layout each group will include a written summary which includes conclusions, explanation of data sets, and how their map is helpful to fellow biologists.
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     Assessment Rubric
Middle School
	STANDARD
	EXEMPLARY
	MASTERY
	INTRODUCTORY
	DOES NOT MEET REQUIREMENTS

	The student is able to make inferences about spatial texts. 
	The student has gone above and beyond a particular standard.  He or she has a strong understanding of the concept and has the ability to mentor other students.
	This is the target level for all students.  Performance at this level shows that they have a good understanding of the concept illustrated in the standard.
	The student has limited understanding of the standard.  Or, the product he or she produced shows little evidence of meeting the standard.
	The student does not show any foundational knowledge of the standard and the products they produce show no evidence of their understanding.

	The student understands how to use ArcGIS software to create and interpret a map with several layers of data sets.  
	The student has gone above and beyond the understanding of creating a map in ArcMap.  They have a strong understanding and display the ability to mentor other students.  
	The student is able to create a map using the ArcMap software with all the required layers and is able to manipulate and view all layers.  They are view and alter labels.  
	The student has limited understanding of the use of ArcMap software to create a product and needed a lot of guidance in completing a map with the required layers.  
	The student does not show any foundational knowledge of the use of ArcMap software and was not able to understand the concepts involved in the creation of a map.  

	The student understands how other factors can influence the population of black bears.
	The student clearly understands the correlations between black bear population and other factors, but not limited to, predator-prey, limiting factors, ecosystems, and human population. 
	The student clearly understands the correlations of different factors that can influence the black bear population.
	The student has limited understanding of the different factors that can influence the black bear population. 
	The student was unable to comprehend the understanding of different factors and how they can influence the black bear population.


The “Mastery” level meets the target objectives for grades 5-8
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