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■ Use BLM 3.1.2: What can you infer from a handful of
soil? to support this activity.

■ You may wish to use this activity as a demonstration
activity to support planning for the field test in
Investigation 3.D: An Ecosystem Field Study.

Safety Precautions
Students should wear gloves when handling soil samples.

Answers to Analysis Questions
1. Evidence of living things in soil samples will vary from

site to site. Examples include: grass (or other vegetation),
leaves, moulds, insects (count and classify), burrows, and
scats.

2. Soil samples will be different between disturbed and
nondisturbed sites. Non-disturbed sites should have a
higher diversity of plants, contain more organic matter,
and will be darker because of a thick humus layer.
Disturbed sites will likely be more compacted, lighter in
colour, and have less plant diversity and fewer insect
burrows or evidence of other animals.

3. Possible inferences that will be made are: activities that
take place at the site, comments on animals that use the
site and why, level of development, and human use. It
should be concluded that, based on the evidence gathered,
one sample is from a disturbed site, and the other is from
a natural site.

Assessment Options
■ Collect observation tables; check for titles, column

headings, diagrams, etc.
■ Assess answers to Analysis questions.

Figure 3.1 
Student Textbook page 78 

The current abundance and distribution of pronghorns
fluctuates naturally, depending on winter and summer
climatic conditions (including snow depth, drought, and
temperature). Populations are limited by factors that include
emigration, winter mortality, mortality of kids exposed to
spring storms, coyote (predator) populations, and poor
primary production (food) after extreme winters. The decline
of pronghorn populations in North America (from 40 million
to 30 000) can be attributed to habitat loss, fragmentation,
and the construction of barriers, such as fences, along
roadways (unlike deer, pronghorn do not like to jump over
fences; they would rather move underneath them), vehicle
collisions, and illegal hunting. 

Answers to Questions for Comprehension
Student Textbook page 78

Q1. Biotic components will include: population numbers of
pronghorn, coyote, grasses, birds, rodents,

microorganisms, soil invertebrates, etc. (Check that all
listed components are living.)  

Q2. Biotic components of students’ environments include the
food they eat, pets they have, trees in their yards, people
they interact with, their families, etc. Abiotic components
of students’ environments include where they live
(community, house), the air they breathe, the water they
drink, the clothes they wear, etc.  

Q3. Biotic components of the starfish’s environment include
sea urchins, plants, algae, microorganisms—all the other
organisms in the community. The abiotic components
include rocks, water, sunlight, silt, sand, sediment, and
decaying plant and animal material.

Figure 3.3 
Student Textbook page 79

The Banff Springs snail (Physella johnsoni) is found in five hot
springs on Sulfur Mountain. Populations increase in
December, and decrease from March to June (nobody knows
why). The snails live in water that ranges in temperature from
30 °C to 36 °C. As the temperature of the water increases,
snail numbers increase; as such, snails are found closest to the
source of the spring. Numbers decrease with distance from the
source. Also associated with high temperatures are low
dissolved-oxygen levels in the springs. The snail grazes on algae
and bacteria and is in competition with soldier fly larvae.

Figure 3.4
Student Textbook page 80

The glacier lilies form a group of individuals of the same
species living in a specific area at the same time (in the valley
in the Bugaboo mountains where the photo was taken), which
qualifies them as a population. The edges look clearly defined
in the photo and would be where the conditions become too
inhospitable (soil runs out, it’s too cold, it’s too dark) for the
lilies to survive. This would definitely be a boundary or
barrier to increased numbers of glacier lilies.

Investigation 3.A: Observing Leaves 
Student Textbook page 80

Purpose 
Students will analyze the effects of abiotic factors (such as
sunlight) on the leaves of plants. 

Outcomes
■ 20–B3.1s 
■ AI–NS2, 3, 5, 6

Advance Preparation
Note: You can complete this lab simply and quickly using
trees on the school property, or comparing leaves on indoor
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crucial habitat (e.g., polar bears and walrus) is threatened.
Both of these organisms are at the top of their arctic food
chains (top predators). If the populations of these predators
decline, then the populations of their prey organisms, such as
seals and arctic cod, will potentially increase; they will be
limited again by the amount of food available to them. To
have students construct an arctic food web or investigate other
arctic organisms, have them visit:
http://www.arctic.uoguelph.ca/ or use the link at
www.albertabiology.ca, Online Learning Centre, Instructor
Edition, Teacher Web Links.

Figure 3.6 
Student Textbook page 82

What this meadow will look like in 200 years entirely depends
on the interaction and influences of abiotic and biotic factors,
coupled with natural (or human) disturbance. Factors to
consider include climate change, development, fires,
glaciation, landslides, avalanches, or pest or disease outbreaks.
As temperatures continue to warm and carbon dioxide levels
continue to increase, it is possible that what is now a meadow
may likely be covered by the dominant tree of the area, such
as white spruce; or if there is no drainage outlet in the area,
and the glaciers in the background continue to melt, the area
may become a lake. 

Figure 3.7
Student Textbook page 82

One would not expect trees to grow on a site that was freshly
exposed by glacier retreat because change takes time. How
much time that change takes will vary. When a new area is
exposed, it will attract species—colonizers (pioneers) that can
stand environments with high light intensity and low soil
quality and quantity; this begins at the microscopic level. The
next group of species will be slower at colonizing but more
successful than the previous group. As meadows change,
becoming more diverse with a variety of plants and small
shrubs, the new plants add detritus to the soil community and
shade it from the sun, thereby increasing soil moisture. This
allows shade-tolerant plants, like spruce trees, to grow. For
further reading on models of succession, visit:
http://www.utoronto.ca/env/jah/ace/C61_lc02.htm. 

Answers to Question for Comprehension
Student Textbook page 82

Q4. Key points to include are interactions between two
different species (e.g., predator-prey) and interactions
within species (e.g., wheat plants compete with each
other for light and nutrients). Students will likely come
up with ideas regarding symbiosis. Examples include
mutualism, commensalisms (further discussed in Biology
30), and parasitism (see Section 3.3). 

Biology File: Try This 
Student Textbook page 82

Assess students’ understanding of the ecological levels of
organization. If they chose coins: Individual = penny;
population = 25 pennies; community � pennies, dimes,
nickels, and quarters; ecosystem � pennies, dimes, nickels,
quarters, and a $5 bill (coins are biotic components; bills are
abiotic components). 

Thought Lab 3.1: Planning for Your
Field Study

Student Textbook page 83

Purpose 
Working as members of a group, students will plan a field
study to compare biotic and abiotic components of two
ecosystems. Students will choose an ecosystem; consider
which individuals, populations, and communities exist within
it; and decide how to organize and store the information they
gather.

Outcomes
■ 20–B1.1s 
■ ICT P6–4.1

Advance Preparation

Time Required
45 minutes (20 minutes for discussion; 25 minutes for
research)

Helpful Tips
■ Have students read through Investigation 3.C: Preparing

for Your Field Study (page 100) and Investigation 3.D:
An Ecosystem Field Study (pages 106–107) so they can
plan accordingly.

When to Begin What to Do

Start of the school year ■ Choose location for field
study. Book field trip if
necessary. Complete your
school’s paperwork for a
field trip if this activity is off
campus.

1 week before investigation ■ Copy BLM 3.1.3: Planning
for Your Field Study.

■ Book the library or
computer lab.



■ Use BLM 3.2.2 (OH) The Three Domains of Life to
show students the most recent classification scheme for
organisms.

■ Use the portion of the dichotomous key (reproduced as
Table 3.2 on page 89 of the student text) to confirm the
identity of the mite shown in Figure 3.13 on the same
page. If desirable, practise using dichotomous keys with
students by identifying unknown specimens. Use BLM
3.2.3 Using Dichotomous Keys to remind students of the
process, in preparation for Investigation 3.B: Creating a
Dichotomous Key.

■ Complete Investigation 3.B: Creating a Dichotomous
Key on pages 90-91 of the student text. Students need to
understand that each step in the key must contain a
mutually exclusive choice between two possibilities.

Figure 3.11
Student Textbook page 86

The first system of classification, used by Aristotle, divided
living things into plants or animals. Since Euglena can
photosynthesize, it would be classified as a plant. However,
since Euglena can also eat other things and swim, this
classification is not satisfactory. As classification systems
became more sophisticated, Euglena moved into a class with
other microscopic organisms such as paramecia and amoeba,
known as Protists.

Answer to Question for Comprehension
Student Textbook page 87

Q5. Fungi are placed in a different category than plants
because, although they are sessile, fungi cannot
photosynthesize. Fungi are eukaryotic heterotrophs; they
obtain their food by digesting their food outside their
bodies and absorbing released molecules. 

Biology File: Try This 
Student Textbook page 87

A successful mnemonic enables recall. Check students’ recall
at the end of the class or in a later class to find out if they
remembered their mnemonic and what it stands for.

Answer to Question for Comprehension
Student Textbook page 89

Q6. Binomial nomenclature clarifies communication among
members of the scientific community (and others),
because it is universal. No two species have the same
scientific (binomial) name. A species binomial name is the
same everywhere in the world. 

Figure 3.13
Student Textbook page 89

Characteristics of the red velvet mite that will aid in its
identification include its colour, lack of wings, number of legs,
dense velvety hair, body length, and number of claws. 

Investigation 3.B: Creating a 
Dichotomous Key 

Student Textbook pages 90–91

Purpose 
In this lab, students will create a dichotomous key. 

Outcomes
■ 20–B1.2s
■ 20–B.1.4s

Advance Preparation

Time Required
80 minutes 

Materials

■ paper, pencil
■ sample Dichotomous Keys 
■ needles, catkins, leaves, and cones of Alberta tree species

(optional) (12 or more samples)
■ field Guides for identifying specimens of  Alberta trees

(optional)

When to Begin What to Do

1 day before investigation ■ Photocopy BLM 3.2.4:
Investigation 3.B: Creating
a Dichotomous Key.

■ Photocopy 3.2.3: Using
Dichotomous Keys
(optional)

When to Begin What to Do

2 days to 1 week before
investigation

■ If the class will be working
from specimens, collect
sample species to be used
in the investigation (12 or
more plants are required).

■ Obtain Field Guides to
enable students to identify
samples (optional)
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world have characteristic types of vegetation that differ in leaf
form, morphology, and seasonality. Temperate desert areas,
like Alberta’s badlands, have less species diversity than tropical
rain forests. The key differences between these eco-regions are
the average annual rainfalls and the seasonal variations in
temperatures. 

Figure 3.16
Student Textbook page 94

This figure has been reproduced for use as an overhead as
BLM 3.3.1: Terrestrial Biomes According to Temperature
and Precipitation. This graph can be used with local data on
mean annual temperature and precipitation to predict what
biome a particular location is in. This would allow students to
predict the types of soils, vegetation, and life forms that could
be found at that location. Plotting the data for a number of
locations would allow students to assess the prevalence of the
various biomes around the world.

The graph can be revisited during the discussion of
abiotic limiting factors on page 100-101, with a consideration
of the impact of global warming. As temperatures rise and
precipitation either rises or falls, abiotic factors will change,
and the number and size regions identified by the biomes
indicated in the upper and left regions of the graph will
increase, while areas such as tundra, taiga, temperate
rainforest, and tropical rainforest will tend to shrink or
disappear. BLM 3.3.1 could be used as a handout for students
who wish to pursue this subject further.

Answer to Question for Comprehension
Student Textbook page 95 

Q7. The biomes found in Alberta are the mountain zone,
taiga, and temperate grassland. The limitations to dividing
the world into broad biomes are that the boundaries of
biomes are not clearly defined (there is a gradual
transition from one biome to the next) and there is a wide
range of habitats within the larger biome classification
that do not necessarily fit the general trends of the biome. 

Biology File: Web Link 
Student Textbook page 95

Look for detailed responses describing prevailing climate
(precipitation and temperatures), geology, soil type,
predominant vegetation, and wildlife. There should be a
thorough discussion of why plants and animals are found in
some biomes and not in others that refers to characteristics
that suit the abiotic elements.

Figure 3.21
Student Textbook page 96

Possible responses: The hoary marmot is not found outside
the range depicted in Figure 3.21 because its range is limited
by its preferred habitat: high elevations. This habitat includes

alpine and subalpine mountain slopes and meadows and rocky
outcroppings, which have long summer days that allow for
rapid plant growth of foods eaten by the marmot. Hoary
marmots are dependant on large boulders near abundant
vegetation (grasses, sedges, and broad-leafed herbs) in moist
surroundings; their range is limited to areas where these
boulders exist (in the mountains) and precipitation is
sufficient to support preferred vegetation.  

Answers to Questions for Comprehension
Student Textbook page 96 

Q8. A species’ habitat is determined by its required biotic and
abiotic conditions and is located within its range. A
species’ range is the geographical extent of where it can be
found. The species will not be found in all places within
its range. It will only be found within its desired habitat. 

Student Textbook page 97 

Q9. Suggested answer: If the species that eats only two types
of food loses one of its food sources because of a natural
disturbance, human impact, or competition, it will
experience increased pressure, and its niche will become
smaller, threatening the species with extinction. 

Figure 3.24
Student Textbook page 98

A reforested monoculture, which has been planted with a
single species of tree, is very different than a natural forest
ecosystem—it has fewer habitats and niches. The understory
species are not replanted. Large trees and snags that provide
habitat and shelter are lost. Plantation stands will support
fewer native species than a natural stand at the same site. 

Biology File: Web Link
Student Textbook page 98

BLM 3.3.3: Ecoregions of Alberta can be used as an
overhead or a handout to encourage students to observe
abiotic conditions in their own environment (climate
(particularly precipitation and temperature), geography, soil,
predominant vegetation, wildlife, human impacts, etc.) and
present their findings to the class. Specific details regarding
information from the Agro Atlases should be available if
students are referring to the Alberta government web site,
Ministry of Agriculture, Food, and Rural Development or use
the link at www.albertabiology.ca. Online Learning Centre,
Instructor Edition, Teacher Web Links.

Figure 3.25
Student Textbook page 99

Aspen growth is limited by sunlight; plants are extremely
shade-intolerant. Aspen is not tolerant of hot temperatures.
Aspen prefer well-drained, moist soils and don’t tolerate long-
term flooding or waterlogged soils, as the trees will develop a
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Investigation 3.C: Preparing for Your
Field Study

Student Textbook page 100

Purpose 
In preparation for the field study, students will gather
background information to define and identify abiotic
components of their selected ecosystem and determine
appropriate field methods to gather and quantify their data.  

Outcomes
■ 20–B1.1s
■ 20–B1.2s

Advance Preparation

Time Required
80 minutes 

Helpful Tips
■ Review abiotic characteristics that influence ecosystems and

methods that will allow one to quantitatively measure the
factors.

■ Discuss accuracy, precision, error, and other related terms
with the class prior to beginning the activity. Refer to
Appendix A: Measurement in Science page 74B.

■ Discuss the importance of sample size in a field study to
ensure reliability

■ Have the Agroclimate Atlas link posted on the course web
site or on the board for easy access, or have students search
the term Agroclimate Atlas on the Alberta government site.
See www.albertabiology.ca, Online Learning Centre,
Instructor Edition, Teacher Web Links.

Answer to Procedure Question
2. Students will choose a variety of abiotic factors to measure

and then describe relevant methods. Some tests will
include: 

■  Ambient air and water temperatures: students should
also research seasonal averages.

■  Precipitation: Students can use a rain gauge to collect a
week’s worth of data if the site is nearby. 

■  Soil moisture: For a given soil sample, weigh the sample
when it is fresh; place in an oven to dry and then weigh
again. The difference in the samples will yield the
moisture volume of sample. 

■  pH tests, conductivity, nitrates and phosphates, and
flow rate: Collect water samples and analyze in the field
with kits or back in the lab at school.  

■  Water clarity: Use a Secchi disk to measure how far a
person can see into the water.

■  Average abiotic factors (e.g., rainfall, climate, soils):
Students can collect long-term data from Agroclimate
Atlas.

Answers to Analysis Questions
1. (a/b) Data collection in the field is more accurate for

precise spatial information on a specific site than
information from a database. However, information
gathered in the field will be from one particular time and
will lend little information to trends and averages, so the
field data should be coupled and presented with data
from databases or maps. 

2. It is important to have a number of samples from each of
the sites, and to take an average of the values. Even within
ecosystems, there is great variation of both biotic and
abiotic characteristics. If students would like to make
generalizations about their ecosystems, the more samples
the better. This will increase the reliability of their data.
Three samples from each ecosystem for each test will be
sufficient.

3. Students should have a clear and credible plan for
obtaining whatever measurement tools they need, and
the team should indicate where the responsibilities have
been assigned.

Answer to Extension Question
4. Answers should include name and contact information of

the person who supplied the information, as well as a
detailed list of the tools used in the field.

Assessment Option
■ Assess answers to Analysis questions.

Answer to Question for Comprehension
Student Textbook page 101 

Q10. Potential answers include nutrients available through the
soil; space restrictions (bound by pot size and
surrounding individuals); the amount of carbon dioxide
in the air; incoming solar radiation (as plants get larger,
there will be less light available to shaded plants); and
the amount of water available to the plants. 

Materials

■ BLM 3.3.5: Investigation 3.C: Preparing for a Field Study

When to Begin What to Do

Week before investigation ■ Book the computer lab
and/or library.

1 day before investigation ■ Photocopy BLM 3.3.5:
Investigation 3.C: Preparing
for a Field Study.
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These factors result in a decline in herbivore
populations in both terrestrial and aquatic
habitats. 

Assessment Options
■ Assess answers to Procedure and Analysis questions.
■ Assess student “mini-presentations” on their additional

researched invasive species by using Assessment Checklist 8:
Presentation Skills from Appendix A.

Figure 3.29  
Student Textbook page 103

It can be inferred that the two species of barnacles have
various adaptations to survive in and out of the water as tides
go out and come in. Barnacles cement themselves to rocks.
When the tide is out, barnacles must conserve water by
becoming inactive. Their hard shell also aids in preventing
desiccation until the tide comes back in. 

Answer to Question for Comprehension
Student Textbook page 103 

Q11. Students’ answers should focus on the predator-prey
relationship between the Arctic foxes and the seabirds on
the islands, noting that the introduction of the foxes
“limited” the populations of seabirds almost to the point
of extinction. Their answer should also include the
impact of the loss of the seabirds, as their guano no
longer fertilized the grasslands. The loss of the seabirds
and their guano led to the loss of the grasslands and all
the organisms that depended on the grassland habitat for
survival.

Connections: Social and Environmental
Contexts  

The Smeetons and the Swift Fox
Student Textbook page 104 

Teaching Strategies
■ Visit www.speciesatrisk.gc.ca for the latest information on

endangered species and what is being done to protect
them; in 2006, the Swift Fox remained on the list.

Answers to Questions
1. Student responses should include arguments supporting

their point of view, with evidence to back up their
opinions. Example argument: It is true that species have
been dying out for millions of years. Extinction is a
natural process, providing new habitat for rising species.
However, it is important to realize the new rates at which
species are becoming extinct. Mass extinctions are now
occurring faster than ever before, and it is important that

people and governments take action to reduce the rate of
habitat destruction, which is at the root of extinction
causes. If habitats can be protected, then the species living
in them will be protected as well. 

2. Alberta’s threatened or endangered species: 

ENDANGERED (2001) 

Bison (Bison bison)

Ord’s kangaroo rat (Dipodomys ordil) 

Whooping crane (Grus americanus) 

Sage grouse (Centrocercus urophasianus)

Piping plover (Charadrius melodus) 

THREATENED (2001) 

Woodland caribou (Rangifer tarandus caribou) 

Barren ground caribou (Rangifer tarandus groenlandicus) 

Leopard frog (Rana pipiens) 

Trumpeter swan (Cyganus buccinator) 

Ferruginous hawk (Buteo regalis) 

Burrowing owl (Athene cunicularia) 

Peregrine falcon (Falco peregrinus)

Penalties for hunting, trapping, or trafficking an
endangered species in Alberta include fines of up to 
$100 000 or two years in prison.  

Figure 3.31
Student Textbook page 105

Have students select their five quadrats. Students can use their
graphing calculators (TI 83 plus) to generate a list of five
random numbers between 1 and 25. Here’s how: 
■ On 
■ Math  
■ Over to (PRB) probability 
■ Down to (5) randInt
■ Enter 
■ enter extreme values (1, 25) 
■ Enter five times—this will generate five random numbers 

Investigation 3.D: An Ecosystem Field 
Study 

Student Textbook pages 106–107

Purpose 
■ Students will, as a group, perform a field study to measure

and analyze biotic and abiotic characteristics of two local
ecosystems by applying appropriate field techniques and
assessing the accuracy and reliability of such measurements. 

■ Students will classify and identify unknown organisms
using a dichotomous key and assess the interactions and
relationships of these organisms to each other and the
abiotic factors of the environment


