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CASE STUDY: Discussion/Solutions
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Ducks Unlimited Canada

WETLAND ECOSYSTEMS I

Lesson one

A species and
ecosystem in peril

iﬂﬂ ZONE

The Snow Goose Life Cydle

The lesser snow goose (Chen . caerulescens) nests co-
lonially in coastal marsh ecosystems in the high arctic,
and around Hudson and James Bay. On northward mi-
gration the birds feed heavily and add large fat re-
serves needed fo nest successfully. On average, four
eggs are laid in a down-lined tundra nest bowl and
incubated for 23 days by the female, while the male
guards against predators. When the young hatch the
parents lead their brood to rich feeding areas where
they grow quickly during the long summer days. The
parents too must grow a new sef of feathers of this
time and are flightless for several weeks. The strong
serrated bill of the snow goose is adapted fo graze on
grasses and sedges, as well as burrow in the thin soil
for nutritious roots and rhizomes. Muscles, bones and
feathers must mature before early fall storms force
the fomilies to migrate. Carried south on favorable
weather fronts, the large noisy flocks descend periodi-
cally ot traditional staging sites where they drink, feed
and refuel the energy reserves needed fo confinue their
journey. After many days of travel, they reach their
historical wintering areas in marshes along the Gulf of
Mexico. Here they feed and rest to prepare for their
next annual cycle. Adult birds pair for life but juve-
niles usually don't nest until at least two years old.
Mortality is high each year with the major causes be-
ing disease, starvation, predation (including human),
weather and accidents.

1. Read the Info/Zone about the lesser snow goose. Complete the exercise be-

low:

i) Name the major geographically separate ecosystems used by the snow
goose over its annual biological cycle.

ii) In the space below centred around the title, label the main components of
the annual biological cycle of the lesser snow goose.

SNOW GOOSE \

= ANNUAL CYCLE
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DIAGRAM 1.1
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Lesson one cntinued

%ZONE

Changes and adaptations
Over several decades changes have occurred which
have affected snow goose survival in a dramatic way.

o Since 1961 there has been a warming trend in the
western arctic which has resulted in an earlier snow
melt and a reduction in late spring snowstorms. This
has allowed birds to feed and nest more success-
fully.

The spread of modern farming practices, such as
combining replacing stooking, has resulted in more
grain being available for wildlife in fields during and
after harvest. Snow geese have faken advantage of
this on staging grounds. In the south the acreage of
rice production has more than doubled since the
1940s. Birds have expanded their winter range from
200,000 hectares of Gulf Coast marshes fo include
another 900,000 hectares of rice wetlands through-
out Texas, Lovisiana and Arkansas. Birds are now
able to overwinter and migrate in much better con-
dition and, as a result, nest more successfully.
Between the 1930s and 1970s, a network of wild-
life preserves were established where food crops are
managed for wildlife. Geese have learned fo leap-
frog af a leisurely pace between these refuges dur-
ing migration and take advantage of the food and
protection.

The number of waterfowl hunters has dedlined sig-
nificantly across North America over the past 25
years. With the fremendous increase in goose num-
bers, the harvest rafe (fall harvest as a proportion
of the midwinter population) has declined from about
40 per cent to eight per cent. This may have re-
sulted in an increase in wariness of the large flocks
of snow geese which now have o higher number of
older and more experienced birds in them. Annual
survival of adult nesting snow geese from the Hudson
Bay area has increased from 78 per cent fo over 88
per cent.

Surveys by the Canadian Wildlife Service and the U.S. Fish and Wildlife Ser-
vice show that mid-continent lesser snow goose populations were near the car-
rying capacity of less than one million birds for many years, held in check by
the availability of food on the wintering grounds. Then things changed and popu-
lations began to grow exponentially. See some of the reasons in the InfoZone.

2. Graph the data below for the numbers of lesser snow geese estimated on
midwinter surveys and draw a line of best fit.

Number of lesser snow geese surveyed in midwinter

!_eﬂ M (thousands)
1951 700

1958 750

1960 800

1962 600

1965 800

1969 800 Birds
1975 1600

1981 1750

1984 1900

1993 2200

1996 2700

2000 3200

Year

i) Using the method of interpolation, indicate the year in which a major
change in population occurred. _

ii) Compare the rate of increase (per cent) in population over the first 18
years of survey data compared to the last 31 years.

iii) Using the method of extrapolation (extend the line), estimate what the
population will be in the next 30 years assuming that controlling factors
do not take effect.

iv) Do you think the growth in population estimated through the year 2030 is
sustainable? Discuss your hypothesis.

(Note: there has been a similar increase in greater snow geese and Ross’ geese while the number
of giant Canada geese living in urban areas has also increased greatly.)
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WETLAND ECOSYSTEMS I

Lesson one continued

%ZONE

Impacts on the ecosystem

The increase in snow goose numbers at a rate of five
1o eight per cent annually is impacting the environ-
ment. For example, the colony at Cape Henrietta Maria
in northern Ontario has increased from 2,000 pairs in
1960 to 225,000 pairs in 1999. The most noficeable
effect has been the degradation of the fragile salt
marshes used by the geese for feeding. Their grazing
and grubbing for the shoots and below-ground parts
of grass and sedge has resulted in the destruction of
large regions of the coustal lowlands which have been
transformed info a moonscape of barren mud flats.
Geese have been feeding this way for thousands of
generations but are now consuming vegetation faster
than it can recover in the harsh arctic environment.
This impact has been measured using satellite imag-
ery as well as small wire pens (exclosures) that have
been in place for many years to excude the geese
from feeding on representative test sites.

With the removal of ground cover of plants, surface
evaporation has increased on the mud flats and the
soil salinity has risen. Hypersaline conditions have re-
stricted regrowth of vegetation except by a small num-
ber of inedible, salt tolerant species like Salicornia
(glasswort). At other overgrazed sites with lower so-
linty, moss has now become dominant and restricted
the reestablishment of more nutritious plants. Studies
have shown that natural recovery of the tundra
marshes may take many decades and that new tech-
nology needs fo be developed o restore ground cover
economically. The extent of deserfification (desert for-
mation) and destruction has been staggering. On a
1900-km length of coastline scientists have estimated
that 35 per cent of the original habitat has been de-
stroyed, another 30 per cent has been severely dom-
aged and the remainder has been overgrazed. Thus,
out of a fotal of 55,000 hectares of intertidal salt
marsh, over 35,000 hectares are no longer produc-
tive and the remainder s being heavily used.

(confinued on next page)

3. Read the InfoZone piece about the factors that changed in the environment
used by snow geese and how the geese responded. Answer the questions
below.

i) List the responses (adaptations) made by snow geese in relation to the
changes that occurred in their environment, which have led to the popula-
tion explosion in geese.

ii) Which of the changing factors are abiotic (A) VS biotic (B)?

iii) Which of the factors are direct (D) vs indirect 0?

iv) Which of the factors are natural (N) vs induced by humans (H)?

4. Read the InfoZone on this page and the next page about the impacts that
have resulted from the population explosion of lesser snow geese. Do the
following exercises in groups of four:

i) On a separate piece of paper, using arrows and words, make a flow chart
to show the complexity of interrelated factors, relationships, processes,
results and impacts that have occurred in the lesser snow goose’s ecosys-
tem during the latter half of the 20th century. Transfer the results to a
poster board for discussion in class.
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Lesson one continued

inforzong

(confinued from previous page)

Impacts on snow geese are evident as broods are now
forced to walk many kilometers from their nesting colo-
nies fo find food. Thousands are suffering and eventu-
ally dying from starvation or exposure. Young birds
able fo fledge are lighter and in weaker condition. Itis
only a matter of fime before o major population crash
occurs unless solutions are found. In the inferim, goose
numbers confinue their meteoric climb. Farmers along
the migration route are demanding compensation for
the crops that the geese are eating.

Back on the tundra many other species which depend
on coastal wetlands for their survival are also in jeop-
ardy. These include some populations of Canada geese,
dabbling ducks like wigeon and shoveler, and water
birds like the yellow rail, sfilt sandpiper, short-billed
dowitcher and Hudsonian godwit. These species may
be significantly and permanently affected. On the other
hand predators and scavengers like gulls, jaegers,
eagles, ravens and foxes are likely benefifing from
the increased food supply of eqgs, goslings and adults.

ii) See the simple biomass pyramid, below, representing the relative sizes of
trophic levels in the snow goose’s arctic ecosystem during the 1950s.
Develop a pyramid to show what you think the system currently looks
like. Is the shape representing the two systems the same? Discuss briefly.

iii) Under present conditions do you believe the species diversity of the sys-
tem is sufficient to sustain it in its present state for much longer? Discuss
briefly.

Energy/biomass pyramid — snow goose ecosystem in the 1950s

Tertiary consumers

== Secondary consumers

— Primary consumc% j
L Produce% \
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Energy/biomass pyramid — snow goose ecosystem today
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Lesson one coniinued

’;’.’ﬁZONE

Solutions?

Much of the snow goose problem has been caused di-
rectly or indirectly by people (anthropogenic) and
therefore some believe a human solution is required.
Others believe that nature should take its course. It
has been estimated by ecologists that the lesser snow
goose population will need to be reduced by 50 per
cent within six years if the coustal marine ecosystem
in the arcfic is to be preserved. They believe this can
be accomplished most effectively by reducing the sur-
vival of adult geese. Snow geese are very wary and
quickly learn to avoid people. Some believe that snow
geese ore not as good tasting as other geese, while
some consider them gourmet food.

Possible solutions are outlined on pages five to seven.
Note that some of these may not be technologically or
economically feasible given the fime frames outlined
above. Other possible solutions might work i the short
term but not solve the longer-term problem. Some po-
tential solutions may cause equally problematic out-
comes from an environmental or economic standpoint.
Consider each idea carefully in terms of providing a
workable and sustainable solution. Can you suggest
other solutions or combinations of solutions that might
work?

3.

Read the InfoZone and the sections below about some of the possible solu-
tions to address the snow goose dilemma. In groups of four discuss these and
other solutions. Your teacher will assign your group a title (e.g. tax payers
group, non special interest group, hunting guide business, environmental re-
search foundation, farmers coop, bird watching society, habitat conservation
group, animal rights association, hunter’s association, environmental activ-
ist group, aboriginal peoples’ council, tour operator group, small business
association, etc.)

Consistent with the group you belong to, select one or more of the solutions
that your group will support. Based on the principles you believe are appro-
priate for your group, prepare a paper for public hearings that have been
struck to decide on the correct course of action to address this environmental
issue. Each member of your group will present part of your paper to the rest
of the class and share in answering questions from other students in defense
of your stance.

After all presentations are made a referendum will be organized by your
teacher to determine which solutions should be implemented and scientifi-
cally tested to see that they will solve this real life problem. Students should
vote based on their own personal conclusions and not necessarily in accor-
dance with the special interest position they were assigned. Select no more
than five solutions that you support and mark these on your ballot, in order of
priority, with numbers one to five. The class will review and discuss the final
results in an open forum. In particular discuss some of the studies and hy-
potheses that will need to be developed by researchers to ensure that the
solutions you have decided on are actually solving the problem. As well,
discuss some of the socio-political considerations that arose at the public
hearings that could have affected consideration of some of the solutions.
How important is public education as a precursor to holding a referendum?

Possible solutions

i)

ii)

iii)

Genetic Engineering: Have the government pay for genetically engineer-
ing new salt tolerant plant species that can be reintroduced onto overgrazed
areas and that will withstand the grazing pressure by the growing number
of geese. Develop seeding techniques and machinery that can be used over
large remote areas to establish the plants.

Birth Control: Have the government develop safe and long lasting birth
control drugs and an economical system of applying them to at least 500,000
geese.

Trap and Release: Implement a large trapping program and negotiate
agreements with other governments to release one million geese into ap-
propriate ecosystems (assuming these can be found) in other parts of the
world.

GRADES 9 to 12
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Lesson one continued

iv)

v)

vi)

vii)

viii)

Subsistence Harvest: Work with aboriginal councils to encourage them
to increase their subsistence harvest of eggs and adult geese.

Commercial Harvest: License small businesses to capture and humanely
prepare geese for export as a gourmet food to urban markets in North
America and Europe.

Soup Kitchens: Have government wildlife agencies capture geese and
humanely prepare them for needy people and soup kitchens both in North
America and abroad.

Do Nothing: Do nothing and let nature take its course with the snow goose
and the other species that depend on the arctic salt-marsh ecosystem for
their existence.

Drastic Measures: Introduce drastic measures (poisons, explosives, dis-
ease vectors, etc.) to quickly cull a predetermined number of geese where
they congregate on wintering and nesting areas. Dispose of the carcasses
in landfill sites or by incineration.

GRADES 9 to 12
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Lesson one cniinued

X)

xi)

Xii)

xiii)

Agricultural Practices: Pass legislation to have farmers revert to past
farming practices so as to reduce the food available for geese (i.e. revert to
stooking vs combining). Any reduction in farm income and food produc-
tion would be borne by taxpayers.

Increase Hunting:

« increase daily limit from 5 to 40 birds per hunter

« allow hunting in spring

« put a leg band on a goose offering a $1 million reward

« allow electronic calls and baiting to increase hunter success

« educate hunters on how to properly cook and prepare snow geese
« allow managed hunting in some refuges

Tillage: Require farmers to harvest their crops and till waste grain into the
soil before geese arrive on migration. Alternatively they would be made
responsible for keeping geese from feeding in their fields. A new surveil-
lance and enforcement department would implement this program. Have
taxpayers responsible for any extra costs involved.

New Predators: Introduce new or more predators to areas near snow goose
colonies so as to reduce the population and/or increase nest destruction.

Sterilization: Introduce radiation or chemically induced sterility to the
snow goose population to reduce birth rate.

GRADES 9 to 12
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‘ LAB REVIEW: Barn Owl Pellet Dissection
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Introduction ‘ \ atis a
Barn Owl pellet

9-12 inches, 24 inch Wing span

Robin size, no ear tufts.
Brown with white spots, rusty streaked below

This small, secretive owl is considered one of
the rarest winter visitors from the North.

Ems*bamommurwmapelet-nudumn Starr Ranch, Ca.

anreal Owl - Visitor From The North



Introduction to Environmental Science 120
Owl Pellet Dissection

Some owls swallow small rodents and birds whole.
Pellets begin forming within the digestive tract of an owl
as soon as the prey is swallowed. Enzymatic juices break
down the body tissues in the prey but leave the bony
materials and hair or feathers undigested. Depending
upon the prey eaten, the undigested portions may include
beaks, claws, scales or insect exoskeletons. This type of
material has little nutritional value. These materials

form a pellet that is surrounded with the hair or feathers
of the prey consumed. The pellet is than orally expelled, '
or regurgitated, 18 to 20 hours after feeding. Each pellet '
contains on average 3.3 animals. A one-year study of a
particular barn owl revealed the following diet:

e 1407 mice
e 143 rats
e 7bats

e 5 young rabbits

e 375 house sparrows
e 23 starlings

e 54 other birds

e 2 lizards
e 174 frogs
e 25 moths

e 52 crickets

Materials:
e one owl pellet from the barn owl Tyzo alba
o dissecting needle/toothpicks and tweezers
e magnifying glass
e white glue
e white paper
e bone chart
(http://www.biologvcorner.com/resources/Owl Pellet Bone Chart_grid.pdf)
e mounting sheets






*Pellets are sterilized, but be sure to wash your hands,
working surface and dissecting tools after the dissection.

Procedure:

. Place a pellet on a white sheet of paper.

_ Measure and record the length and width of your owl pellet.
length = 1)
width = 1)

. Carefully examine the exterior of the pellet.

Do you see signs of fur? 1)

Do you see signs of feathers? (1)

Can you identify other items stuck to the outside of the pellet (grain, pine needles, etc)?
List items below. (1)

. Carefully use a dissecting needle/toothpick to break apart the owl pellet and observe what is
within. Separate the bones of the animals from the fur and/or feathers. Clean the bones of
debris and sort them according to the type (e.g., skulls, vertebrae, etc.). Clean the skulls as
thoroughly as possible since these are the best bones for identifying the prey. Use a
magnifying glass and the bone identification chart to help you identify the bones and
complete the chart below. (8)

Bone Number

Skull

Jaw
Scapula
Forelimb
Hindlimb
Pelvic Bone
Rib
Vertebrae

5. Organize the bones from each prey by setting each set onto a separate clean and labeled

sheet of paper.





6. Use white glue to attach the bones to the correct mounting sheet. (15)

7. Were you able to obtain a complete or nearly complete skeleton? If so, for which organism(s)
were you able to do so? (2)

8. Environmentalists are concerned about the accumulation of certain poisons in the body
systems of predators. Why do you think owls, eagles, lions and humans are often the most
threatened organisms of a community that is exposed to DDT or mercury? (2)






Owl Pellet Bone Chart

Rodent Shrew Mole Bird
5 e =,
Scapula @ ﬁ% &
L4
Forelimb ﬁ% K%\
WX m
Hindlimb ~
e | (Sea | S
Rib %\ %/ii‘

carolina Biological Supply Gompany

CB280780000

2700 York Road,
Burlington, North Carolina 27215
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http://www.youtube.com/watch?v=o57ur5bqsa4
http://www.youtube.com/watch?v=zlsnpjz2xyy
http://www.youtube.com/watch?v=ohqequnnzfu
http://www.youtube.com/watch?v=mgsv8nglbo0
http://www.youtube.com/watch?v=p7svfr6voum

Untitled.notebook March 26, 2013

Review of Notes...Discussion

An Organism’s Niche

e The unique role of a species within an ecosystem is a
niche

e An ecosystem is all of the organisms living in an area
together with their physical environment

¢ |t includes their physical home, the environmental factors
necessary for survival, and all interactions with other
organisms

e It is different than a habitat (where an organism lives)
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Ways in Which Species Interact

e Interactions are categorized by how one population
interacts with another

e These interactions depend on whether they harm or help
one another

* Some interactions are direct, others are indirect

o This is still being studied to better understand its
complexities
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Competition
]

A relationship in which different individuals or populations
attempt to use the same limited resource

e Each individual can be harmed by the competition
e Can occur within or between species

e Ex. Fox and coyote compete for the same prey
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Competition

Indirect Competition

e Some species may never come in contact with each other
and still compete

e Ex. One type of insect during the day and another at
night

Adaptations

* Some species reduce competition with each other by
adjusting their niche

e This is called niche restriction
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Predation
I

e An organism that feeds on another organism
e The organism that is fed upon is called the prey
» Ex. Coyote and deer

* Many species have evolved some mechanisms to avoid or
defend against predators
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NEW NOTES/DISCUSSION...
Parasitism

e An organism that lives on another organism and feeds on
the other organism is a parasite

e The organism that provides the nourishment is the host

e Ex. Ticks, fleas, tapeworms, sea-lice
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Mutualism
I

* A close relationship between two species in which each
species provides a benefit to the other

—

e Ex. Humans and certain types of bacteria in the
intestines

e Humans are better able to digest food and bacteria have a
place to live
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Commensalism
I

» A relationship in which one species benefits and the other
species is neither harmed nor helped

e Ex. Sharks and remoras

e Sharks are unharmed and fish are able to eat what the shark
doesn’t

10
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Symbiosis and Coevolution

e A relationship in which two organisms live in close
association is called symbiosis

» Symbiosis is often used to describe at least one species
benefiting from another

e Opver time, the species may coevolve

e They develop adaptations that reduce the harm or improve
the benefit of the relationship

Parasitism
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CO-EVOLUTION...

March 26, 2013

Sea Lion

Otter

12
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WETLAND ECOSYSTEMS I

Lesson one

A species and
ecosystem in peril

iﬂﬂ ZONE

The Snow Goose Life Cydle

The lesser snow goose (Chen . caerulescens) nests co-
lonially in coastal marsh ecosystems in the high arctic,
and around Hudson and James Bay. On northward mi-
gration the birds feed heavily and add large fat re-
serves needed fo nest successfully. On average, four
eggs are laid in a down-lined tundra nest bowl and
incubated for 23 days by the female, while the male
guards against predators. When the young hatch the
parents lead their brood to rich feeding areas where
they grow quickly during the long summer days. The
parents too must grow a new sef of feathers of this
time and are flightless for several weeks. The strong
serrated bill of the snow goose is adapted fo graze on
grasses and sedges, as well as burrow in the thin soil
for nutritious roots and rhizomes. Muscles, bones and
feathers must mature before early fall storms force
the fomilies to migrate. Carried south on favorable
weather fronts, the large noisy flocks descend periodi-
cally ot traditional staging sites where they drink, feed
and refuel the energy reserves needed fo confinue their
journey. After many days of travel, they reach their
historical wintering areas in marshes along the Gulf of
Mexico. Here they feed and rest to prepare for their
next annual cycle. Adult birds pair for life but juve-
niles usually don't nest until at least two years old.
Mortality is high each year with the major causes be-
ing disease, starvation, predation (including human),
weather and accidents.

1. Read the Info/Zone about the lesser snow goose. Complete the exercise be-

low:

i) Name the major geographically separate ecosystems used by the snow
goose over its annual biological cycle.

ii) In the space below centred around the title, label the main components of
the annual biological cycle of the lesser snow goose.

SNOW GOOSE \

= ANNUAL CYCLE

—_—

DIAGRAM 1.1
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Lesson one cntinued

%ZONE

Changes and adaptations
Over several decades changes have occurred which
have affected snow goose survival in a dramatic way.

o Since 1961 there has been a warming trend in the
western arctic which has resulted in an earlier snow
melt and a reduction in late spring snowstorms. This
has allowed birds to feed and nest more success-
fully.

The spread of modern farming practices, such as
combining replacing stooking, has resulted in more
grain being available for wildlife in fields during and
after harvest. Snow geese have faken advantage of
this on staging grounds. In the south the acreage of
rice production has more than doubled since the
1940s. Birds have expanded their winter range from
200,000 hectares of Gulf Coast marshes fo include
another 900,000 hectares of rice wetlands through-
out Texas, Lovisiana and Arkansas. Birds are now
able to overwinter and migrate in much better con-
dition and, as a result, nest more successfully.
Between the 1930s and 1970s, a network of wild-
life preserves were established where food crops are
managed for wildlife. Geese have learned fo leap-
frog af a leisurely pace between these refuges dur-
ing migration and take advantage of the food and
protection.

The number of waterfowl hunters has dedlined sig-
nificantly across North America over the past 25
years. With the fremendous increase in goose num-
bers, the harvest rafe (fall harvest as a proportion
of the midwinter population) has declined from about
40 per cent to eight per cent. This may have re-
sulted in an increase in wariness of the large flocks
of snow geese which now have o higher number of
older and more experienced birds in them. Annual
survival of adult nesting snow geese from the Hudson
Bay area has increased from 78 per cent fo over 88
per cent.

Surveys by the Canadian Wildlife Service and the U.S. Fish and Wildlife Ser-
vice show that mid-continent lesser snow goose populations were near the car-
rying capacity of less than one million birds for many years, held in check by
the availability of food on the wintering grounds. Then things changed and popu-
lations began to grow exponentially. See some of the reasons in the InfoZone.

2. Graph the data below for the numbers of lesser snow geese estimated on
midwinter surveys and draw a line of best fit.

Number of lesser snow geese surveyed in midwinter

!_eﬂ M (thousands)
1951 700

1958 750

1960 800

1962 600

1965 800

1969 800 Birds
1975 1600

1981 1750

1984 1900

1993 2200

1996 2700

2000 3200

Year

i) Using the method of interpolation, indicate the year in which a major
change in population occurred. _

ii) Compare the rate of increase (per cent) in population over the first 18
years of survey data compared to the last 31 years.

iii) Using the method of extrapolation (extend the line), estimate what the
population will be in the next 30 years assuming that controlling factors
do not take effect.

iv) Do you think the growth in population estimated through the year 2030 is
sustainable? Discuss your hypothesis.

(Note: there has been a similar increase in greater snow geese and Ross’ geese while the number
of giant Canada geese living in urban areas has also increased greatly.)
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Lesson one continued

%ZONE

Impacts on the ecosystem

The increase in snow goose numbers at a rate of five
1o eight per cent annually is impacting the environ-
ment. For example, the colony at Cape Henrietta Maria
in northern Ontario has increased from 2,000 pairs in
1960 to 225,000 pairs in 1999. The most noficeable
effect has been the degradation of the fragile salt
marshes used by the geese for feeding. Their grazing
and grubbing for the shoots and below-ground parts
of grass and sedge has resulted in the destruction of
large regions of the coustal lowlands which have been
transformed info a moonscape of barren mud flats.
Geese have been feeding this way for thousands of
generations but are now consuming vegetation faster
than it can recover in the harsh arctic environment.
This impact has been measured using satellite imag-
ery as well as small wire pens (exclosures) that have
been in place for many years to excude the geese
from feeding on representative test sites.

With the removal of ground cover of plants, surface
evaporation has increased on the mud flats and the
soil salinity has risen. Hypersaline conditions have re-
stricted regrowth of vegetation except by a small num-
ber of inedible, salt tolerant species like Salicornia
(glasswort). At other overgrazed sites with lower so-
linty, moss has now become dominant and restricted
the reestablishment of more nutritious plants. Studies
have shown that natural recovery of the tundra
marshes may take many decades and that new tech-
nology needs fo be developed o restore ground cover
economically. The extent of deserfification (desert for-
mation) and destruction has been staggering. On a
1900-km length of coastline scientists have estimated
that 35 per cent of the original habitat has been de-
stroyed, another 30 per cent has been severely dom-
aged and the remainder has been overgrazed. Thus,
out of a fotal of 55,000 hectares of intertidal salt
marsh, over 35,000 hectares are no longer produc-
tive and the remainder s being heavily used.

(confinued on next page)

3. Read the InfoZone piece about the factors that changed in the environment
used by snow geese and how the geese responded. Answer the questions
below.

i) List the responses (adaptations) made by snow geese in relation to the
changes that occurred in their environment, which have led to the popula-
tion explosion in geese.

ii) Which of the changing factors are abiotic (A) VS biotic (B)?

iii) Which of the factors are direct (D) vs indirect 0?

iv) Which of the factors are natural (N) vs induced by humans (H)?

4. Read the InfoZone on this page and the next page about the impacts that
have resulted from the population explosion of lesser snow geese. Do the
following exercises in groups of four:

i) On a separate piece of paper, using arrows and words, make a flow chart
to show the complexity of interrelated factors, relationships, processes,
results and impacts that have occurred in the lesser snow goose’s ecosys-
tem during the latter half of the 20th century. Transfer the results to a
poster board for discussion in class.
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Lesson one continued

inforzong

(confinued from previous page)

Impacts on snow geese are evident as broods are now
forced to walk many kilometers from their nesting colo-
nies fo find food. Thousands are suffering and eventu-
ally dying from starvation or exposure. Young birds
able fo fledge are lighter and in weaker condition. Itis
only a matter of fime before o major population crash
occurs unless solutions are found. In the inferim, goose
numbers confinue their meteoric climb. Farmers along
the migration route are demanding compensation for
the crops that the geese are eating.

Back on the tundra many other species which depend
on coastal wetlands for their survival are also in jeop-
ardy. These include some populations of Canada geese,
dabbling ducks like wigeon and shoveler, and water
birds like the yellow rail, sfilt sandpiper, short-billed
dowitcher and Hudsonian godwit. These species may
be significantly and permanently affected. On the other
hand predators and scavengers like gulls, jaegers,
eagles, ravens and foxes are likely benefifing from
the increased food supply of eqgs, goslings and adults.

ii) See the simple biomass pyramid, below, representing the relative sizes of
trophic levels in the snow goose’s arctic ecosystem during the 1950s.
Develop a pyramid to show what you think the system currently looks
like. Is the shape representing the two systems the same? Discuss briefly.

iii) Under present conditions do you believe the species diversity of the sys-
tem is sufficient to sustain it in its present state for much longer? Discuss
briefly.

Energy/biomass pyramid — snow goose ecosystem in the 1950s

Tertiary consumers

== Secondary consumers

— Primary consumc% j
L Produce% \

SUN

DECOMPOSERS

Energy/biomass pyramid — snow goose ecosystem today

— Tertiary consumers

— Secondary consumers

— Primary consumers

L

DECOMPOSERS

Producers

SUN
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Lesson one coniinued

’;’.’ﬁZONE

Solutions?

Much of the snow goose problem has been caused di-
rectly or indirectly by people (anthropogenic) and
therefore some believe a human solution is required.
Others believe that nature should take its course. It
has been estimated by ecologists that the lesser snow
goose population will need to be reduced by 50 per
cent within six years if the coustal marine ecosystem
in the arcfic is to be preserved. They believe this can
be accomplished most effectively by reducing the sur-
vival of adult geese. Snow geese are very wary and
quickly learn to avoid people. Some believe that snow
geese ore not as good tasting as other geese, while
some consider them gourmet food.

Possible solutions are outlined on pages five to seven.
Note that some of these may not be technologically or
economically feasible given the fime frames outlined
above. Other possible solutions might work i the short
term but not solve the longer-term problem. Some po-
tential solutions may cause equally problematic out-
comes from an environmental or economic standpoint.
Consider each idea carefully in terms of providing a
workable and sustainable solution. Can you suggest
other solutions or combinations of solutions that might
work?

3.

Read the InfoZone and the sections below about some of the possible solu-
tions to address the snow goose dilemma. In groups of four discuss these and
other solutions. Your teacher will assign your group a title (e.g. tax payers
group, non special interest group, hunting guide business, environmental re-
search foundation, farmers coop, bird watching society, habitat conservation
group, animal rights association, hunter’s association, environmental activ-
ist group, aboriginal peoples’ council, tour operator group, small business
association, etc.)

Consistent with the group you belong to, select one or more of the solutions
that your group will support. Based on the principles you believe are appro-
priate for your group, prepare a paper for public hearings that have been
struck to decide on the correct course of action to address this environmental
issue. Each member of your group will present part of your paper to the rest
of the class and share in answering questions from other students in defense
of your stance.

After all presentations are made a referendum will be organized by your
teacher to determine which solutions should be implemented and scientifi-
cally tested to see that they will solve this real life problem. Students should
vote based on their own personal conclusions and not necessarily in accor-
dance with the special interest position they were assigned. Select no more
than five solutions that you support and mark these on your ballot, in order of
priority, with numbers one to five. The class will review and discuss the final
results in an open forum. In particular discuss some of the studies and hy-
potheses that will need to be developed by researchers to ensure that the
solutions you have decided on are actually solving the problem. As well,
discuss some of the socio-political considerations that arose at the public
hearings that could have affected consideration of some of the solutions.
How important is public education as a precursor to holding a referendum?

Possible solutions

i)

ii)

iii)

Genetic Engineering: Have the government pay for genetically engineer-
ing new salt tolerant plant species that can be reintroduced onto overgrazed
areas and that will withstand the grazing pressure by the growing number
of geese. Develop seeding techniques and machinery that can be used over
large remote areas to establish the plants.

Birth Control: Have the government develop safe and long lasting birth
control drugs and an economical system of applying them to at least 500,000
geese.

Trap and Release: Implement a large trapping program and negotiate
agreements with other governments to release one million geese into ap-
propriate ecosystems (assuming these can be found) in other parts of the
world.
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Lesson one continued

iv)

v)

vi)

vii)

viii)

Subsistence Harvest: Work with aboriginal councils to encourage them
to increase their subsistence harvest of eggs and adult geese.

Commercial Harvest: License small businesses to capture and humanely
prepare geese for export as a gourmet food to urban markets in North
America and Europe.

Soup Kitchens: Have government wildlife agencies capture geese and
humanely prepare them for needy people and soup kitchens both in North
America and abroad.

Do Nothing: Do nothing and let nature take its course with the snow goose
and the other species that depend on the arctic salt-marsh ecosystem for
their existence.

Drastic Measures: Introduce drastic measures (poisons, explosives, dis-
ease vectors, etc.) to quickly cull a predetermined number of geese where
they congregate on wintering and nesting areas. Dispose of the carcasses
in landfill sites or by incineration.
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Lesson one cniinued

X)

xi)

Xii)

xiii)

Agricultural Practices: Pass legislation to have farmers revert to past
farming practices so as to reduce the food available for geese (i.e. revert to
stooking vs combining). Any reduction in farm income and food produc-
tion would be borne by taxpayers.

Increase Hunting:

« increase daily limit from 5 to 40 birds per hunter

« allow hunting in spring

« put a leg band on a goose offering a $1 million reward

« allow electronic calls and baiting to increase hunter success

« educate hunters on how to properly cook and prepare snow geese
« allow managed hunting in some refuges

Tillage: Require farmers to harvest their crops and till waste grain into the
soil before geese arrive on migration. Alternatively they would be made
responsible for keeping geese from feeding in their fields. A new surveil-
lance and enforcement department would implement this program. Have
taxpayers responsible for any extra costs involved.

New Predators: Introduce new or more predators to areas near snow goose
colonies so as to reduce the population and/or increase nest destruction.

Sterilization: Introduce radiation or chemically induced sterility to the
snow goose population to reduce birth rate.
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Owl Pellet Dissection

Some owls swallow small rodents and birds whole.
Pellets begin forming within the digestive tract of an owl
as soon as the prey is swallowed. Enzymatic juices break
down the body tissues in the prey but leave the bony
materials and hair or feathers undigested. Depending
upon the prey eaten, the undigested portions may include
beaks, claws, scales or insect exoskeletons. This type of
material has little nutritional value. These materials

form a pellet that is surrounded with the hair or feathers
of the prey consumed. The pellet is than orally expelled, '
or regurgitated, 18 to 20 hours after feeding. Each pellet '
contains on average 3.3 animals. A one-year study of a
particular barn owl revealed the following diet:

e 1407 mice
e 143 rats
e 7bats

e 5 young rabbits

e 375 house sparrows
e 23 starlings

e 54 other birds

e 2 lizards
e 174 frogs
e 25 moths

e 52 crickets

Materials:
e one owl pellet from the barn owl Tyzo alba
o dissecting needle/toothpicks and tweezers
e magnifying glass
e white glue
e white paper
e bone chart
(http://www.biologvcorner.com/resources/Owl Pellet Bone Chart_grid.pdf)
e mounting sheets






*Pellets are sterilized, but be sure to wash your hands,
working surface and dissecting tools after the dissection.

Procedure:

. Place a pellet on a white sheet of paper.

_ Measure and record the length and width of your owl pellet.
length = 1)
width = 1)

. Carefully examine the exterior of the pellet.

Do you see signs of fur? 1)

Do you see signs of feathers? (1)

Can you identify other items stuck to the outside of the pellet (grain, pine needles, etc)?
List items below. (1)

. Carefully use a dissecting needle/toothpick to break apart the owl pellet and observe what is
within. Separate the bones of the animals from the fur and/or feathers. Clean the bones of
debris and sort them according to the type (e.g., skulls, vertebrae, etc.). Clean the skulls as
thoroughly as possible since these are the best bones for identifying the prey. Use a
magnifying glass and the bone identification chart to help you identify the bones and
complete the chart below. (8)

Bone Number

Skull

Jaw
Scapula
Forelimb
Hindlimb
Pelvic Bone
Rib
Vertebrae

5. Organize the bones from each prey by setting each set onto a separate clean and labeled

sheet of paper.





6. Use white glue to attach the bones to the correct mounting sheet. (15)

7. Were you able to obtain a complete or nearly complete skeleton? If so, for which organism(s)
were you able to do so? (2)

8. Environmentalists are concerned about the accumulation of certain poisons in the body
systems of predators. Why do you think owls, eagles, lions and humans are often the most
threatened organisms of a community that is exposed to DDT or mercury? (2)






Owl Pellet Bone Chart

Rodent Shrew Mole Bird
5 e =,
Scapula @ ﬁ% &
L4
Forelimb ﬁ% K%\
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e | (Sea | S
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carolina Biological Supply Gompany

CB280780000

2700 York Road,
Burlington, North Carolina 27215
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