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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

—_—

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.)

GRADES 9 to 12
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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% \

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.

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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A species and
ecosystem in peril

Estimated time: two to five hours
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Curriculum alignment

Human actions, both intentional and unintentional, modify ecosystem diversity,
carrying capacity and sustainability through direct and indirect changes to both
biotic and abiotic factors. In this lesson, students will evaluate potential man-
agement solutions to environmental problems through discussion and demo-
cratic processes.

Vocabulary

Carrying capacity, interpolation, extrapolation, exponential growth, hyper-sa-
line, anthropogenic, socio-political, hypothesis, annual biological cycle, adapta-
tion, abiotic, biotic, staging area, harvest rate, biomass pyramid, species diver-
sity, sustainability, desertification, referendum, public hearing.

At the completion of this lesson students should be able to:

« graph and interpret wildlife population data, and extrapolate and develop
hypotheses about the sustainability of population growth.

« understand the concept of the annual biological cycle and geographic com-
ponents of habitat for a migratory species.

« understand adaptations of animals in relation to changing factors and discern
between biotic and abiotic factors that have direct and indirect impacts, and
which may be natural or human-induced.

« understand the concept of biomass/energy pyramid and its various trophic
levels.

« understand and appreciate the many possible solutions to an environmental
problem and how socio-political considerations may influence final deci-
sions.

« appreciate the role that public hearings, referenda, scientific research and
technology play in influencing political actions.

Resources
The video Snow Goose in Peril from the Ducks Unlimited Natural History Se-
ries, student journal, access to various Internet sites.

Lesson description
1. Begin this lesson by having the students read the short InfoZone piece
about the lesser snow goose on page one of the student journal. Refer
students to other library references (e.g. The Birds of Canada by W.G.
Godfrey; Ducks, Geese & Swans of North America by F.C. Bellrose)
and internet sites (e.g. http:/north.audubon.org/). Discuss the con-
cept of an annual cycle. For the snow goose this includes overwinter-

FEATHER MOULT  ing, spring migration, feeding or staging stops, nesting, egg incuba-

tion, brood rearing, feather moult and fall migration before a return to
wintering. Note that each of these major functions has specific time
and place characteristics and associated habitat requirements. Have stu-
dents answer question 1i on page one. Have the students complete the
diagram on page one of the student journal (diagram 1.1). The diagram
should depict the lesser snow goose’s annual cycle using words and
arrows.

GRADES 9to 12
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Lesson one continued

Lesson one e

Sevrys by the Comndn Wikie Srv

ing gty o st o e il

Do of bvs s goasn wrveyed in it

rgms
B ]
b b 1, 4w o

gl spitons 3 Qe e e b e b of e s s s

2. Have the students graph (diagram 1.2) the midwinter population data pro-

vided on page two in their journal for the lesser snow goose. Explain that
these surveys are most accurate in the winter when birds congregate in large
flocks. Aerial surveys and photography are used to count the birds. Indicate
that the survey is really just an index of the full population to show trends
from year to year. Studies have shown that the index is multiplied by a cor-
rection factor to get a more accurate estimate of the full population (i.e. takes
account of visibility factors while surveying).
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3. Ask students to consider the shape of the population graph and answer ques-

tions 2i to 2iii on page two of the student journal. Explain the concepts of
interpolation (making conclusions about data between two known values)
and extrapolation (making predictions about future trends beyond the scope
of existing data).

. Discuss the concept of carrying capacity (i.e. the number of individuals that

the resources of a habitat can support). Also discuss the normal fluctuations
of a population that is stable near its carrying capacity and how this differs
from exponential growth that rises rapidly over an extended period of time.
Have the students answer question 2iv in the student journal (page two) and
discuss. It is not possible for exponential growth of a population to be main-
tained indefinitely. At some threshold limit, the population could slowly level
off at a new higher carrying capacity or more likely crash and drop rapidly as
controlling factors (starvation, disease, predation) catch up.
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e //ONE

Along the Gulf of Mexico, widespread destruction of
coustal salt marshes in Texas and Louisiana has forced
snow geese and other species from their natural win-
tering habitat. Further inland, the concurrent conver-
<ion of millions of acres of bottomland hardwood for-
est and marshlands to rice and soybean fields has led
to further negative impacts on many wetland depen-
dent species. However, for the adaptable snow goose
this has opened up a new food supply. Now snow geese
spend more fime on agricultural land than they do in
their native coustal habitats.

Farming in the mid-confinent and northern prairie
areas in North America changed markedly after World
War Il with the widespread use of the combine. Be-
fore that, grain was cut by machine or by hand, gath-
ered into sheaves, fied and then stooked in upright
bundles to dry. The grain wos removed by a hand flail
or threshing machine before being winnowed o re-
move the seed from the chaff (see the following
Internet site: hitp://waltonfeed.com/old/
wheathiml). This process left almost no waste grain
in the field for wildlife. The combine changed this.
Now ripened grain in Canada is often mowed and
dropped flat onto the ground in a loose windrow fo
dry. During this period which may last many days de-
pending on weather conditions, birds and other wild-
life can eat the grain. The combine picks up the wind-
rows on a front-loading conveyor belt as it drives
through the field. As the grain passes through, it is
threshed and winnowed separating the dean grain into
a storage bin. The waste chaff and stalks are thrown
out the back as mulch or returned as windrows which
are subsequently baled as straw. In this process some

loose grain is lost onto the field and is available fo
wildlife.

There is now a trend fo greater use of straight com-
bining — cutting the grain and immediately threshing
it without the intermediate step of drying in windrows
on the field (common in the U.S.) — in Canada for
winter cereals. This reduces the amount of waste grain
available to wildlife. Conservation groups are promot-
ing this method to farmers because it leads to less soil
erosion, greater cover for field nesting birds and less
likelihood of wildlife damage to harvested crops. An
added benefit is the reduced food supply for expand-
ing goose populations while they move through this
area on fall and spring migration.

. Have the students read the InfoZone on Changes and adaptations on page

two of their journal. Have the students answer question 3i on page three.
Discuss each of the four major changes that occurred and how geese have
adapted. For example, geese have adapted to the establishment of refuges
along their migration route by selecting these sites as safe resting and feed-
ing areas where they can renew energy supplies and avoid hunters. Geese
have adapted to the warming trend in the western arctic by arriving earlier,
finding more food and nesting more successfully. See the InfoZone on this
page for an overview of how changes in agriculture have influenced geese.
See the following Internet sites for additional information and photos:
www.dennill.com/mf%20combines.htm; www.jwp.bc.ca/deepwater/
photo2.htm.

. Have the students answer questions 3ii to 3iv on page three of their journal.

The four factors that have changed for geese are all human-induced-biotic
except the weather change. The weather change may be a reflection of global
warming climate change resulting from human pollution and increased green-
house gases. All of the factors are indirect except hunting pressure which has
declined and lead directly to greater snow g00s€ survival. Changes in the
other factors have lead to greater food supplies for geese and indirectly to
higher survival and production of offspring.

. Have the students review the InfoZone on /mpacts on the ecosystem (page

three in their journal). Assign them to work in groups of four on exercise 4.1
on page three of the student journal. They can develop their ideas using ar-
rows and words to display the interrelated causes and effects operating with/
on snow geese in the latter half of the 20th century. Once they are satisfied
that they have identified most of the factors and responses, each team will
transfer their findings to a poster board. Display all of the poster boards and
discuss the results with the whole class. Develop a final version of the chart.

_ Discuss the biomass pyramid on page four of the student journal. Discuss the

various trophic (feeding) levels in the snow goose’s system. Explain how
some organisms can appear on several levels if they eat both plant and ani-
mal foods. Discuss the concept of biomass and energy pyramids. Note that
under present conditions the pyramid for the snow goose is likely narrower
at the base (producer level) than the primary consumer (SNOW goose) level as
vegetation has been destroyed and snow goose numbers have risen. Refer to
the following Internet site for further background information and examples:
www.sturgeon.ab.ca/rw/l’yramids/ecopyra.html. Have students answer

question 4ii on page four of their journal.

. Discuss species diversity in terms of the relative sustainability and stability

of ecosystems. On the snow goose’s arctic nesting grounds, it specializes by
grazing for food on certain species of grasses and sedges. Therefore, as snow
goose numbers have risen, the pressure on these few species of plants has
increased proportionally. If the arctic ecosystem was able to support a wider
variety of food species palatable to snow geese, their foraging would be dis-
tributed more widely and there would be less impact on any one species or
feeding zone. The other wildlife species depending on these same plants for
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With the removal of ground cover plants by grazing
and grubbing snow geese, surface evaporation in-
creases on mud flats and soil salinity is brought fo the
surface. High sub surface salinity (e.g. in marine
marshes) resulfs in hyper-saline conditions at the sur-
face and restricted regrowth of any plants except o
small number of salf tolerant species like Salicornia
(known as glasswort). See the following Infernef sites
for more information about Salicornia:

www.des.ucdavis.edu/wetlands/plants/sv.html;
fisher.bio.umb.edu/pages/JFGenus/Jfgen19.him.

This situation is common in southern Canada ond
around the world due to increased agriculture, par-
ficularly near wetlands or where irrigation is used. As
farmers plough land dloser and closer to wetlands fo
increase their income, the natural vegefation which
creates  buffer zone is removed. Grasses, shrubs and
sedges keep the water table below the surfoce and
reduce surface evaporation. Where the adjacent wet-
lands or soils are alkaline, the salts are kept below the
surface by these deep roofed plants. When natural
cover is removed the salfs are drawn up with evapora-
fion and concentrate at the surface. Over time these
salts wick up further into the field and impact plant
growth. See the following Internet site for further in-
formation on this problem in Canada: www.agr.co/
search_e.phtml.

food or cover have also become directly affected by snow goose feeding.
This impact could be permanent. Review some of the terms above and others
in an excellent online ecological glossary at: www.epa.gov/OCEPAterms/
intro.htm. Have students complete question 4iii on page four of their jour-
nal.

10. Have the students read the InfoZone on Solutions? (page five of their jour-

nal). Review the video Snow Geese in Peril available on loan or for purchase
from Ducks Unlimited at 1-800-665-DUCK or by email (webfoot@ducks.ca).
Review the following Internet sites for further background information:
www.cws-scf.ec.ge.ca/canbird/goose/lsmx.htm

WWW.Npwrc.usgs.gov/ resource/othrdata/snowprob/snowprob.htm
www.ducks.ca/conservator/184/tundra.htm

Undertake exercise five on page five of the student journal. Divide the stu-
dents into groups of four and assign them to one of the following groups or
others. Groups: environmental research foundation, hunting guide business,
non-special interest group, farmers co-op, bird watching society, habitat con-
servation group, hunting association, animal rights association, environmen-
tal activist group, aboriginal peoples’ council, tour operator group, small busi-
ness association, tax payers group, etc.

Consistent with the group they belong to, each student group may select one
or more of the solutions that their group will support (see the list of potential
solutions on pages five through seven of the student journal). Based on the
principles they believe are appropriate for their group, each group will pre-
pare a brief paper (5 to 10 minutes) for public hearings to decide on the
correct course of action to address this environmental issue. Each member of
the group presents part of the paper to the rest of the class and answers ques-
tions from other students in defense of their stance. The teacher acts as chair-
person for the public hearings.

After all presentations are made, a referendum will be held to determine
which solutions will be implemented and scientifically tested to see that they
will solve the problem. Give each student a referendum form with all of the
possible solutions listed (see appendix on page 20 of this guide). Students
should vote based on their personal conclusions and not necessarily accord-
ing to the position they were assigned. They should select no more than five
solutions to support and must mark these on their ballot with numbers from
one up to five, in order of priority. These are handed in to the teacher for
review (you may elect to have students each sign their ballot). Compile and
summarize the final results on the board or an overhead. The class will re-
view and discuss the final results in an open forum. In particular discuss and
make a list of some of the studies and hypotheses that will need to be devel-
oped by researchers to ensure that the solutions will actually solve the prob-
lem. As well, discuss the socio-political considerations which might affect
some of the solutions. How important is public education as a precursor to
holding a referendum?
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Lesson one continued

Below is a summary of all of the listed solutions with some background infor-
mation to consider. Attempt to have students consider these factors before hold-
ing the referendum:

i)

i)

iii)

iv)

V)

Genetic Engineering: There has been some recent progress in genetically
engineering some salt tolerant agricultural crop species. These crops would
have considerable economic value once available. However, it would be
an expensive process with little or no economic return to develop salt tol-
erant species of arctic grasses and sedges for reintroduction into damaged
goose grazing sites. These plants would first have to satisfy the narrow
nutritional requirements of snow goose goslings. Seeding or planting would
be difficult and expensive, especially in the remote arctic environment.
New technology would need to be developed for this non-agricultural zone.
This solution might have merit over many decades but would depend on
significant resources from the government and taxpayers.

Birth Control: A lasting-effect medication would need to be developed
and administered to at least 500,000 birds. The cost and logistics of this
solution might preclude its adoption. There may be concern about non-
target species and predators (including humans) being affected by such
drugs.

Trap and Release: A large trap and release program would be expensive
and would need to continue indefinitely as snow goose populations in-
crease to fill the void left by removed birds. This solution would likely
only delay the inevitable crash in geese and spread the problem more quickly
to ecosystems that are presently not affected. The release of species into
new ecosystems could negatively impact species already present naturally
(e.g. into northern Europe). Considerable research and monitoring would
be required before this solution could be considered by the governments
involved.

Subsistence Harvest: Aboriginal people now have full access to hunt snow
geese and collect their eggs for food. With implementation of education
and marketing programs, the level of harvest by aboriginal people might
increase slightly. It’s unlikely that this initiative alone would solve the
problem as most goose colonies are remote from aboriginal villages and
the cost of transporting hunters would be high.

Commercial Harvest: If markets for snow goose meat could be devel-
oped this could be an effective and sustainable solution. However, public
opposition might arise as it has in the past over other wildlife harvest is-
sues (e.g. harp seal harvest). Laws have been developed over the last cen-
tury that have restricted the commercial use of wild animals in North
America. Education and marketing programs would be needed to convince
the public that commercial harvest of snow geese was acceptable in this
circumstance. In parts of Europe game animals are commonly available in
food markets and seems culturally acceptable there.
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Lesson one continued

vi)

vii)

viii)

ix)

X)

Soup Kitchens: A program of this type was recently implemented in Min-
neapolis to reduce the large urban Canada goose population. It appears
that such a program can be effective and acceptable in some circumstances.
Cost for this program would need to be borne by the taxpayer and could
run as high as $40 per kilogram of ready-to-consume meat.

Do Nothing: This is always an option and viewed by some as the most
“natural” solution. Others view it as shirking responsibility since they feel
the problem in this case was anthropogenic (human caused). It may be
acceptable to have snow goose populations crash as a result of a do noth-
ing response but many might view this as a cruel decision (i.e. starving
geese). Many other species, as well as the arctic coastal marine ecosystem,
may be permanently damaged.

Drastic Measures: It’s unlikely that public opinion and politicians would
be tolerant of such practices even with the implementation of education
programs. Many might view this as waste of a valuable natural resource.
These actions might lead to significant impacts on other non-target species
as well.

Agricultural Practices: Turning back the clock on agricultural progress
would likely be unacceptable to farmers and consumers who now enjoy
low food prices. However, protecting the vestiges of salt marshes along
the Gulf of Mexico, as well as interior wetlands and hardwood bottom-
lands should be a high priority. Development of more efficient machinery
that would reduce grain spillage might be beneficial but other species ben-
efiting from this new food source would also suffer. The wider adoption of
straight combining vs. windrow combining (see InfoZone on page three)
would be beneficial but some farmers would need to invest in new grain
drying equipment.

Increasing Hunting

Increase Hunting Limits: This alone may not be of great benefit as few
hunters now achieve their limit. Geese are wary of hunters and quickly
learn to avoid them. This solution would probably need to be combined
with other hunting related solutions.

Spring Hunting: Under the 1918 Migratory Bird Treaty signed between
Canada and the U.S., waterfowl hunting is restricted to a 107 day period in
the fall and winter. Normally spring hunting is not permitted, allowing
birds to feed and nest without human disturbance. This concern does not
presently exist for the snow goose. Consultation and consensus would be
needed between Canadian and U.S. officials to allow spring hunting of
snow geese but care would be needed to ensure that other species were not
inadvertently disturbed. Northern aboriginal peoples are now permitted to
hunt in the spring and a new spring hunt for non-aboriginals has recently
been initiated in many states and provinces.
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I-esson ONEe continued

xi)

Xii)

Reward Bands: This technique is now used by researchers to learn about
the biology of snow geese and other species with a maximum reward of
$100. A $1 million reward band might lead to unethical and dangerous
hunting practices and discard or waste of the hunted birds once they were
inspected for the winning band.

Remove Hunting Restrictions: Electronic calls (tape recordings) and bait-
ing (with grain) of wildlife could greatly increase the vulnerability of snow
geese to hunters. Presently, these practices are illegal. Studies would be
needed to determine the value of such practices and if other non-target
species might also be affected.

Hunter Education: Hunters could act as a large unpaid workforce to help
solve the snow goose problem. However, the snow goose is not a preferred
quarry in some areas. Education programs to teach hunters how to hunt,
prepare and cook snow geese might increase hunters’ interest in this spe-
cies.

Hunting in Refuges: Establishment of refuges has been one of the factors
leading to the snow goose problem. Management of these areas in ways
that would increase snow goose mortality, both inside and outside of ref-
uges, would be beneficial as long as other species were not affected.

Tillage: Farmers must wait for their crops to ripen and dry before they can
efficiently harvest them. More timely tillage after harvest might reduce
the availability of spilled grain but a system to encourage or force farmers
to do this is probably unrealistic. In fact, conservationists are encouraging
farmers to reduce their tillage which results in many environmental ben-
efits (e.g. less soil erosion, higher air and water quality, more cover for
wildlife, reduced fuel use, etc.). One option might be to encourage greater
use of fall seeded crops, such as winter wheat, which ripen earlier in the
summer before snow goose migration and are more amenable to straight
combining.

New Predators: Releasing species into new environments may cause many
unforeseen problems (see iii above).

xiii) Sterilization: See viii above.
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cell

tissue

organ

organ system
- nervous

- integumentary
- respiratory

- digestive

- excretory

- skeletal

- muscular

- circulatory

- endocrine

- reproductive

- lymphatic/immune

ecology
ecologist
organism
species
population
community
ecosystem
biome
biosphere
biotic factor
abiotic factor
habitat

niche
sunlight
photosynthesis
reactant
product
chemosynthesis
autotroph
heterotroph

- herbivore

- carnivore

- omnivore

- detrivore

- decomposer
- scavenger

energy
food chain
food web
trophic level
owl pellet
ecological pyramids
- energy pyramid
- biomass pyramid

- biomass
- pyramid of numbers
species interactions
- direct/indirect
- predation

- predator

- prey
- competition
- parasitism

- parasite

- host
- mutualism
- commensalism
adaptation
symbiosis
co-evolution

nutrient

mineral nutrient
non-mineral nutrient
macronutrient

- primary

- secondary
micronutrient
water/hydrologic cycle
- surface runoff

- precipitation

- condensation

- percolation/infiltration
- capillarity

- evaporation

- transpiration

- ground water

carbon cycle

- carbon dioxide

- oxygen

- respiration

- photosynthesis

- combustion
phosphorus cycle

- inorganic compounds
- phosphates

- plants

- animals

- decaying/fecal matter
nitrogen cycle

- atmospheric nitrogen
- nitrates

- nitrites

- ammonia

- plant protein

- animal protein

- lightning

- bacterial action

- nitrogen fixation

- absorption by plants
- eaten by animals

- decay of dead material

- break down of feces and urine

environmental

problems disrupting

natural cycles

- radioactive
contamination

- pollution of
oceans

- depletion of fish
stocks

- use of fossil fuels

- draining of
underground
aquifers

- clearing of forests

- use of fertilizers and
pesticides

species at risk

- extinct

- extirpated

- endangered

- threatened
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14.

15.

16.

17:

18.

Be able to define each term on the previous page.

What are the levels of organization in a multicellular organism?

State the functions of the eleven organ systems in a human.

What are the levels of organization studied by ecologists?

Be prepared to provide information regarding the biome covered by your travel
brochure.

Be able to provide two biotic factors and two abiotic factors.

Choose an organism and describe its niche in its ecosystem.

What is the main energy source for life on Earth?

How does energy move through an ecosystem?

_Write a balanced chemical equation for photosynthesis.
. Draw a concept map for the types of organisms discussed in class.
. Study the food chain below. Identify the trophic level occupied by each

organism.

marsh grass -> grasshopper -> mouse -= hawk

. Review the background material on owl pellets provided with the owl dissection

handouts.

a) Name three types of ecological pyramids.

b) What types of pyramids can be inverted?

Name five types of species interactions. Be able to give an example of each
and/or identify the type existing between two organisms given background info.
a) Be able to draw a concept map for the types of nutrients discussed in class.
b) How do nutrients move through an ecosystem?

¢) Be able to label a diagram of the water (hydrologic) cycle.

d) Be able to state the processes involved in the carbon cycle.

e) Be able to draw a concept map for the nitrogen cycle.

List seven environmental problems, caused by humans, which disrupt natural
cycles.

There are | levels of risk for species. What are they?





Intro to Environmental Scignce 120

Review - Test #2

Fame:
Date:

1 |2 B n
—1 [ | B

|

10

O OFgFm/ma -
sinislniulniaiNn
) | L [ ] ]
DA - HEHD C
H o0 g






Across

1

1

-

14

18

2ach organism can ke harmzd Ly this
type of species interaction

a group of differznt types of tissues that
work together to perform a sinale
function

animals, fungi and bactziia

invalves a serizs of steps inwhich
organisms transfer en=rdy [y ating and
lieing eaten

a type of factor in an 2cosystzm (i=f
temperature)

unigue rale of a specizs within an
scosystem

muscle, epithelial, nerve and connective
are examples

0 group of organisms so similarto ane

another that they can breed and produce
fertile offspring
number of argan systems in the human
hody

the scientific study of interactions amand
organisms and betwezn organisms and
their enviranment (surroundings)

Down

5

)

10

12

13

14

18

16

18
g3

o

3 single living thing

group of individuals that palang to the
same species and live inthe same arza

al feeding lave
enerdy through an =cosystem
the interaction between a coyoter and
deeris an example of this type of
specizs interaction
extends from about & km above Earth's
surface to as faras 11 km bl
surface ofthe ocean

tick.flea artapeworm

nutriznts through an
zcosystem
an essential element

3 collection of different populations that
live together in a defined ares

a collection of all the organisms that live
in a particular place togsther with their
nonliving, or physical environment

17 relationship in which both organisms

lznefit

kasic unit of all forms of living things
percentage of energy that moves fram
one trophic level to the nest






SMART Notebook


(/ -~

Intro to Environmieptal Science 120

Review — Unit #2

cell

tissue

organ

organ system
- nervous

- integumentary
- respiratory

- digestive

- excretory

- skeletal

- muscular

- circulatory

- endocrine

- reproductive

- lymphatic/immune

ecology
ecologist
organism
species
population
community
ecosystem
biome
biosphere
biotic factor
abiotic factor
habitat

niche
sunlight
photosynthesis
reactant
product
chemosynthesis
autotroph
heterotroph

- herbivore

- carnivore

- omnivore

- detrivore

- decomposer
- scavenger

energy
food chain
food web
trophic level
owl pellet
ecological pyramids
- energy pyramid
- biomass pyramid
- biomass
- pyramid of numbers
species interactions
- direct/indirect
- predation
- predator
- prey
- competition
- parasitism
- parasite
- host
- mutualism
- commensalism
adaptation
symbiosis
co-evolution

nutrient

mineral nutrient
non-mineral nutrient
macronutrient

- primary

- secondary
micronutrient
water/hydrologic cycle
- surface runoff

- precipitation

- condensation

- percolation/infiltration
- capillarity

- evaporation

- transpiration

- ground water

carbon cycle

- carbon dioxide

- oxygen

- respiration

- photosynthesis

- combustion
phosphorus cycle

- inorganic compounds
- phosphates

- plants

- animals

- decaying/fecal matter
nitrogen cycle

- atmospheric nitrogen
- nitrates

- nitrites

- ammonia

- plant protein

- animal protein

- lightning

- bacterial action

- nitrogen fixation

- absorption by plants
- eaten by animals

- decay of dead material
- break down of feces and urine
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natural cycles
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oceans
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10.
11.
12,

13.

14.

5.

16.

17

18.

Be able to define each term on the previous page.

What are the levels of organization in a multicellular organism?

State the functions of the eleven organ systems in a human.

What are the levels of organization studied by ecologists?

Be prepared to provide information regarding the biome covered by your travel
brochure.

Be able to provide two biotic factors and two abiotic factors.

Choose an organism and describe its niche in its ecosystem.

What is the main energy source for life on Earth?

How does energy move through an ecosystem?

Write a balanced chemical equation for photosynthesis.

Draw a concept map for the types of organisms discussed in class.
Study the food chain below. Identify the trophic level occupied by each

organism.

marsh grass -> grasshopper -> mouse -~ hawk

Review the background material on owl pellets provided with the owl dissection
handouts.
a) Name three types of ecological pyramids.

b) What types of pyramids can be inverted?
Name five types of species interactions. Be able to give an example of each

and/or identify the type existing between two organisms given background info.
a) Be able to draw a concept map for the types of nutrients discussed in class.
b) How do nutrients move through an ecosystem?

¢) Be able to label a diagram of the water (hydrologic) cycle.

d) Be able to state the processes involved in the carbon cycle.

e) Be able to draw a concept map for the nitrogen cycle.

List seven environmental problems, caused by humans, which disrupt natural

cycles.
There are -7 levels of risk for species. What are they?





!- DZA(\‘MA,D-P-(M 2 Se q“{'Qé.
A /(1‘“\'— (2 «(M (£veds o—( o(waiza%‘u-.\.'

1, 0@
2. taua.
3_ oY 4 an

1. w(y... ;.1”,_% ;

- K. ﬁ«nd’;w JJ 0"5‘“ PYSlons P Sre A sdao

G

{{l\n«n.a/g St (J/\,(,Qs 4}) wﬁwzdrmﬁhc‘/“oé
'71 {U--"C'-’XCH'S'-

. “’éMrsm

. S

. ¥ Pf'y)wﬂ.c\.+\~\

X Lo s oy

e R

(- .‘Jiw

q* g:“}e\w

£ Lo Tocel Doaiehcnss B S hasdods

[9- loishre LL—M ST A 4(..‘,-(—“/}
b octinsicnilbon [ yad
plonh : I e

7' Alfide. = “'n:‘lsc (e

o

TL._S\,. 3 jtkbly\%;/@;hcra_, /Om(u_q}_.._ﬂ/\,l.
CMX/) 'F(/"‘:_S {L(MKS/L\ G ,Q.LuSv]‘SJA_,\

gt

-

(7. LCOL* £|AL° Cb”l\,o(.* L O)_,‘





H' Dbar\i’)ms

& N
A"-‘('v"\’vr e uﬂ- -['«é"'Y'UT l’\/.) '———j\
(/ ?( > A-uf(5>

[ Citiasmast )

L L / & A Sum‘«é;[
plimds  Shjine plinct -Akia Rl | asniuiia,
(aniver e Citw—-—}mu.r

sk 9 = "V.!(‘\vy)(\»(‘ = h\u.:\.m_&.e__'j L\"""JI(-’

(2
e (2 anar N Canpismanis . 25f
( P (Mum\.\/ CM\.\.M{

il

(MNC) ‘p(’&m«s/ W hacbivere Bt Carnele 'L’Y’

SLu.c.:{-r ( «(AtuaXle_ .

O (u,d;u"s = lee. htdaadt .

]{Ck) Pv'(tm«\.’c) Jg N won Ay //WZN\ PL')(‘EM? 4) Jo:ama.sle‘](‘m;d

é)) P*’(qm;é AQ hAawoadoes + bfu\—wm {)~7r4—r-f‘i

5. @[@AP«)‘]#‘)'\ > /tfdtkr'd/uk/.l o /ny«/«,fﬁ-\\‘ 1‘7‘7l""f/ 7é aj-e 7’76'-)’“—-@
/"ﬁ'yb/ trégource /[tm 4e u/;(m‘ o MQM f/('-'""f)

o Sox e b]o/g

QW&’/)IN\ — l‘fju:j,\ Lecols - Ma%’ ,744,__,;,,1
Q: (Jya/L ok o/zc,/

@/nfh;/ﬁ)&; a7 2o Mu’ﬂ: /f./‘«uj i 4/\0%/ OrggAcs
gé: SLe:-“/u.e aqr(fq(na*')

@/’Wﬁﬁ/ﬂ:h ~ close fc/ ) 3g 7’ /c’Auuq 7£w fﬂecfcf ,.//uc ail 4¢,\U{f g

@C}MMM%(:ifj—‘) ;::(:peifﬂw a%f f\zr-Rer k/,w//éwmz(/ ec: g—{m«rh





[‘a) Sec  nefer
é) 5353] %M ’/7&)7( G 5(3575/5‘“ in one dl}ecﬁm .
nuAvients _(_’;Qk '/(m7( an CLDS]J"/QM.

9
A) S et L’D\P(G-t’f-

e) .

. D fdé@ac/)\;r Loritpaotuding
@ ﬁl/nﬁ'r\ o‘té%a(««.n
A ﬂ(l//cﬁm of 74}1579&;
® wx of fori frls
@ nhz,.{/;lj of u-wéfj/mJ €q o fers
© C/«:ﬂwi; o ForestT
@ s +F 7974"47.«,}//«7{;;«1@

G- € pofe: Sloald say 1 lecib of rucl

@()(ﬁdc?( ~>pe /""7\’/ exests 4"7(»/“"‘

@ egﬁ‘//af&, > fe /'-jar CX/I?} i W/ACQ é“/‘ /S" M ,Gmwf else.

& zndm?afw? -%%5. trien rent e/(ﬁ‘r/aﬁm o~ exthichen

@-ﬁ(/u%uu/ = fiely o detome quyco/ /‘/"0/’{’\5 ik | s o reve g
‘/éjﬁcﬁfx /{A'&j 7(0 /Z’ 5)67{?/474’0/\ Y e)é'7{')'c7§bd,

@Sﬂ‘e‘;“/ T —”W‘j y oy %m/lr\‘d s Mé{q?jytq/ becaese 0/4
[o/"\gl'(n’?ﬁ)r\ oF !foﬂ)j/“,/ c/mfujef/f/fcr 44//&417{/&/%(4}?‘

® et Mualf‘) @p/‘o when /Krc i nef mm;( cvailefle (4 740'-\«74’9»\
Yo ifermine }7[ —/’4 J“/-neu'ef S af sk 6r ot
@No?L at "lst/( =5 ﬁfpcc[c.r ‘%x} Lf AO‘/ 47‘ Sis b o/ CXA/;“C/{‘V\.





Function

Function
Ingests and breaks Enabies the transport
dovers fo0d 50 that it of nutrients, gases,
can be absorbed by hermones, and
e bty wastes 1o and from
cells of the body
4
Chagter p
Elirrunates figuid Secretes BOMNHes
wastos; reguiates i bloodstoeam o
water balancs regulation of body
activitios
Chapler 11
Chapter 18
Eruies gas ex- Bawrars enVIONIMNGN,
Blood with oxygen activates other pants of
andg remowng carbon the body
Hoxide
Chagters 14 and 15
Chapter 10
Provides mechanical Protects apanst
suppod fot the body: wdections
Stores nEnerals, pro-
duses red blood cells Chapter 12
Chapter §
Erabies movensnal, Produces oges and
posture, and bidlance supposts the develop-
via sontraction and ment of offsprng
ension of musglies
Chapter 18
Chapter 6
Protects body from Produces and deliv
ervironment, injury, s §parm and
and infection; stotes associated fuds
et
Chapter 18

Chapter 6






Introduction to Environmental Science 120
Biome Travel Brochure

You are going to create a 1 page, 2 sided travel brochure to a biome of your choice. Your
project will be word processed with color pictures and information on your biome.

You will follow the following format:

Side 1 Side 2

8” Back Front 8” inside inside
Cover cover page 1 page 2

11.5% 11.5%

Side One of your sheet of paper will have the front and back covers of your brochure.
The left half of your paper will be the back cover and the right half will be your front
cover. The following content must be included:

Back Cover

/5 5 neat and interesting facts about your biome, not mentioned elsewhere in your brochure
/3 3 neat and interesting pictures related to the 5 facts above

/4 4 URLSs of sites used to obtain information

Front Cover

2 the large, boldfaced name of your biome described using alliteration (Big Brown Bull)
2 a map of the world, with your biome shaded in
2 a catchy slogan as to why we should visit your biome

Side Two of your sheet of paper will have the inside pages of your brochure with most of
your information. The following content must be included:

Inside Page 1

2 average daily temperature of your biome

12 chart or graph of seasonal temperatures of your biome (with seasons and numbers)
2 average daily precipitation of your biome

2 chart or graph of seasonal precipitation of your biome (with seasons and numbers)
4 attire guide as how visitors should dress while visiting your biome & why

2 at least 2 activities that visitors will participate in while visiting your biome

Inside Page 2

4 fauna: 2 animals commonly found in your biome with a picture of each animal and at least 2
special adaptations each has for living in that biome
/4 flora: 2 plants commonly found in your biome with a picture of each plant and at least 2 special

adaptations each has for living in that biome

This project is worth 40 points. Brochures should be neat!
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e 16 elements which most plants need (excludes nickel)...
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The Hydrologic (Water) Cycle

Carbon-Oxygen Cycle

. ?; Vehicles, Furnaces, Factories,
& Volkaroes, Forest Fires, Power Plants





The Phosphorus Cycle

\ THE PHOSPHORUS CYCLE
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*nitrogen fixation - the changing of nitrogen to nitrates
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