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How Does the Lake Winnipeg Watershed
Affect Our Ability to Take Care of the Lake?






EssenTiAL QuesTioN 2: How DoOES THE LAKE
WINNIPEG WATERSHED AFFECT OUR ABILITY TO
TAKE CARE OF THE LAKE?

Introduction

Although students looked at watersheds in Grade 8, the topic was not
context-specific. It only provided an introduction to the topic of watershed,
and it provided just a brief opportunity to explore the terminology used

to understand watersheds. In this section, students will be exposed to an
in-depth look at watersheds and use Lake Winnipeg as their context for
learning. This section will explore some ways to describe the Lake Winnipeg
watershed, such as identifying stream order, looking at how to examine and
predict flooding, describing the “topography of a lake” (bathymetry), and
exploring the importance of maintaining a shoreline. Finally, students explore
the Netley-Libau marsh wetland, as well as the impact wetlands have on

a watershed. Students are asked to reflect on how each of these watershed
features affects the way we can take care of a lake such as Lake Winnipeg.

Resources to Plan Your Teaching

®  Soukhome, ], G. Peaslee, C. Van Faasen, & W. Statema. Watershed
Investigations: 12 Labs for High School Science. Arlington, VA: National Science
Teachers Association, NSTA Press, 2009. This valuable resource provides
some excellent investigations. It can be ordered through the NSTA website
at <www.nsta.org>. The investigation in Chapter 8, “Flood Frequency
Analysis for a River,” is included in this document with modifications to
suit the Lake Winnipeg context. Other excellent investigations can be found
in Chapter 6: Stream Channel Morphology. This is a great investigation on
stream channel morphology that uses teacher-created styrofoam stream
tables. This investigation looks at pollutants and invasive species.

B Carlesen, William S., Nancy M. Trautmann, & the Environmental Inquiry
Team. Cornell Scientific Inquiry Series Student Edition, Watershed Dynamics.
Arlington, VA: National Science Teachers Association Press, 2004. It can
be ordered through the NSTA website at <www.nsta.org>. An overview of
the publication and online resources to accompany the book are available
at <http://ei.cornell.edu/pubs/wd.asp>. The following is an excellent
investigation from Watershed Dynamics:

Protocol 3, Delineating a Watershed: This is a simple activity that helps
students map and draw watershed boundaries.

B Andrews, WA, & S. ]. McEwan. Investigating Aquatic Ecosystems:
Scarborough, ON: Prentice-Hall Inc, 1987. Note: This book is out of print but
is a very useful resource for this course.
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B Taccogna, G., & K. Munro (eds). The Streamkeeper’s Handbook: A Practical Guide
to Stream and Wetland Care. Vancouver, BC: Salmonid Enhancement Program,
Dept. Fisheries and Oceans, 1995. The Streamkeeper’s Handbook provides
comprehensive information on watershed ecology, decree, and provides
stream and wetland modules. Available online at
<www.pskf.ca/publications/download.htmI>

B Globe Program-Hydrology Chapter
The GLOBE Program offers students an electronic environment to report
and share collected data. The GLOBE Program provides educators with sets
of protocols for various subject areas, including hydrology. Available online
at <www.globe.gov/r>.
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Lesson: Stream Order

Specific Learning Outcomes

B SLO C7: Evaluate the relevance, reliability, and adequacy of data, and the
methods used to collect data. Include: discrepancies in data, sources of
systemic error, precision versus accuracy.

B SLO C8: Interpret patterns and trends in data, and infer and explain
relationships. Examples: line of best fit, regression equations, statistical analysis,
modes of representation (visual, numerical, graphical, symbolical)...

B SLO C9: Analyze data or observations in order to draw conclusions
consistent with the available results of an investigation, and identify the
implications of these results. Examples: cause and effect relationships, alternative
explanations, support for or rejections of a hypothesis or prediction statement...

B SLO C10: Identify new questions or problems that arise from an
investigation.

Introduction

The stream order lesson helps students understand the complexity of the Lake
Winnipeg issue by examining the sources of inflow into the lake. To this point,
students have looked at the characteristics of the Lake Winnipeg watershed
and delineated their local watershed. In this lesson, they will select a source

of inflow to the lake and examine all the contributing water sources. This will
help students reflect on the possible sources of nutrient influx to the lake, and
on the challenges water stewards face in identifying specific areas for large
nutrient loading.

Objectives

Students will interpret maps to determine major headwaters and subsequent
stream order and flow direction for an area in the Lake Winnipeg watershed.

Teacher Background

Stream order is a classification system that orders streams and rivers from
smallest to largest. The stream order system was designed by Horton, and
in the 1950s the classification system was improved upon by Arthur Newell
Strahler to classify waterways by size.

Small streams that have no tributaries are classified as first-order streams.
Second-order streams are streams that unite two first-order steams. When two
second-order streams come together, they form a third-order stream. However,
if a first-order stream joins a second-order stream, the stream remains a
second-order stream. When one stream meets another stream of the same
order, this is when the stream increases by an order. For example, a third-
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order stream combining with a third-order stream would result in a fourth-
order stream.

As streams increase in order, so do their velocity, width, depth, and the
amount of water they discharge. Stream size is a result of the topography and
geology of a region.

The stream classification system is important to scientists studying streams,
as it can help to locate the best areas in which to collect data. Based on stream
size, scientists can also delineate the types of aquatic organisms expected,
which is part of the river continuum concept developed by Robin L. Vannote
(1980).

STREAM ORDER EXAMPLE

Stream Order 1 Stream Order 2
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STREAM ORDER OF THE PoprLAR RIVER AREA
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Source: Atlas of Canada. Reproduced from <http://atlas.nrcan.gc.ca/site/english/maps/topo/map> under the terms for
non-commercial reproduction as cited at <www.nrcan.gc.ca/important-notices>. (Stream order added.)

Resources to Plan Your Teaching

Maps of Canadian drainage basins, watersheds, physical components of watersheds,
human components of watersheds, and current water levels
http://atlas.nrcan.gc.ca/site/english/maps/environment/hydrology

Manitoba Land Initiative

This resource is free to those who register with a user name and password.
All maps are listed by the categories of Administrative Boundaries, Base
Maps, Cadastral, Digital Elevation Models, Digital Imagery, Environment,
Forest Inventory, Geographical Names, Geology Mapping, Hydrography,
Land Use/Cover Maps, Municipal Maps, Provincial Highways and PTHs,
Quarter Section Grids, Soil Classification, Spatial Referencing, Topographic
Maps, and Town and Village Plans.

Provincial Park Maps
www.gov.mb.ca/conservation/parks/park_maps/index.html

Protected Areas Initiative Maps
www.gov.mb.ca/conservation/pai/pai_material.html
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B Legislative Library Virtual Reference Desk: Map Links
www.gov.mb.ca/chc/leg-lib/vrd/maps.html

B [ntroductory Stream Order Resources
The US Environmental Protection Agency has a great website called
Watershed Academy Web. It covers a variety of topics on watershed
management. The section that is important for this lesson is called “Stream
Corridor Structure.” The section “A Longitudinal View along a Stream
Corridor” also provides information on stream order and patterns.
www.epa.gov/watertrain/stream/

The Three A’s

Activate: Show students a map of Manitoba that includes all the rivers and
streams contributing to Lake Winnipeg. Ask students to come up with ideas
on how we could determine how much water each of these rivers and streams
contributes to Lake Winnipeg, and why this information may be important.

Acquire and Apply: Have students look at a map of Manitoba or a map that
shows a sub-basin to see whether they can spot any geometric patterns in the
rivers and streams. Have students identify the major rivers that feed into Lake
Winnipeg. They are the following;:

Red River

Winnipeg River

Dauphin River

Fisher River

Saskatchewan River

Have students use the topographic maps on the Atlas of Canada site to select

an area in the Lake Winnipeg basin, remove all data that is not pertinent to
stream order from the topographic map, and then identify the stream order for
the rivers on the map. Ask students: “Where are the large rivers located?” “Do
these rivers have lots of ‘arms™?” “If so, where do these occur?” “Can you tell
which way the river is flowing?” Have students record their observations and
discuss.

NoTE:

You could also order a free road map of Manitoba from Manitoba Tourism, and
cut the map into segments based on drainage basins. Have students determine
the stream order for the selected basin.

Assessment

Assessment for Learning: Provide students feedback on their participation in
discussion and their ability to identify stream order in one of the rivers in the
Lake Winnipeg watershed.

Assessment of Learning: Evaluate the completed stream order worksheet.

Lake Winnipeg
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BLM 2-1-1

Student Handout: Stream Order Questions

1. As stream order increases, what happens to the width of the
stream?

2. As stream order increases, what happens to the slope of the
stream?

3. As stream order increases, what happens to the drainage area of
the stream?

(continued)




BLM 2-1-1 (continued)

4. Looking at the contour lines, what do you think the terrain looks
like?

5. How does stream order help us understand the complexity of
reducing nutrients into Lake Winnipeg?




BLM 2-1-2

Stream Order Questions Answer Key

1.

As stream order increases, what happens to the width of the stream?

As stream order increases, so will the size and width of the stream.

As stream order increases, what happens to the slope of the stream?

As stream order increases, the slope of the stream decreases.

As stream order increases, what happens to the drainage area of the stream?

As stream order increases, the drainage area of the stream increases.

Looking at the contour lines, what do you think the terrain looks like?

The answer to this question will vary depending on the map you are
using. Generally, the terrain is going to be fairly flat, visible by a large
distance between the contour lines.

How does stream order help us understand the complexity of reducing
nutrients into Lake Winnipeg?

Looking at the major rivers that flow into Lake Winnipeg and their
tributaries helps identify the possible sources of nutrients to the lake. By
looking at stream order, you can see how some rivers may contribute more
nutrients. These rivers may not flow through dense agricultural areas,
but their tributaries do. Larger streams will contribute a greater amount
of nutrients; rivers with many different levels of streams would be more
difficult to control for nutrient loading.







Lesson: Inflow to Lake Winnipeg and Flood Forecasting

Specific Learning Outcomes

B SLO C3: Design and conduct an investigation to answer a specific scientific
question. Examples: materials necessary, independent/dependent variables, controls,
testable hypothesis or prediction, methodology, safety considerations, appropriate
sampling procedures. ..

B SLO Cé: Estimate and measure accurately using Systeme International (SI)
and other required standard units. Include: SI conversions, introversion of
units, significant figures.

B SLO C8: Interpret patterns and trends in data, and infer and explain
relationships. Examples: line of best fit, regression equations, statistical analysis,
modes of representation (visual, numerical, graphical, symbolical)...

B SLO C9: Analyze data or observations in order to draw conclusions
consistent with the available results of an investigation, and identify the
implications of these results. Examples: cause and effect relationships, alternative
explanations, support for or rejections of a hypothesis or prediction statement...

SLO C11: Synthesize information obtained from a variety of sources.

SLO C12: Evaluate information obtained to determine its usefulness for
one’s needs. Examples: scientific accuracy, reliability, currency, relevance, balance
of perspectives, bias...

Introduction

Students have been exposed to watershed characteristics and stream order
and now are introduced to a new watershed dynamic: flooding. The issue

of flooding is important when studying Lake Winnipeg because it is in a
watershed that is greatly affected by flooding. Understanding flooding and
how to predict flooding is important when trying to prevent the influx of
nutrients into a river and lake system. In this lesson, students will learn how to
use water data to predict floods in the Lake Winnipeg watershed.

Objectives

Predict the recurrence intervals and percent chance of various flows for a river.

Teacher Background

There are many rivers that feed into the Lake Winnipeg watershed, and each
of these rivers experiences periods of high and low levels. Floods are a source
of nutrient influx into the Lake Winnipeg watershed because the rivers that
flow into the lake are often bordered by agricultural land. When a flood
occurs, a greater amount of nutrients are brought into the lake, which affects
the lake ecosystem. It is helpful to know how often the rivers that flow into
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Lake Winnipeg flood, and to have some way of forecasting when the next
flood may occur in order to take some proactive measures. The following
activity uses data from Canada’s Water Survey to create graphs and predict the
flood frequency of a river system. A sample river is provided and can be used
as a model, but students can examine any river that is monitored by the Water
Survey and in the watershed.

This lesson is a modified version of the “Flood Frequency Analysis of a River”
activity found in the resource by Soukhome, et al., cited below.

Some terms used in the lesson include the following:

Recurrence Interval of a Flood: A recurrence interval of a flood is an estimate
of the average time between past flood occurrences. For example, a 10-year
flood, a 100-year flood, and the Flood of the Century.

Annual Exceedance Probability: The annual exceedance probability is
a measure of the likelihood of a flood reaching or exceeding a certain
magnitude. For example, a 10 percent flood has a 10 percent chance of
occurring or being exceeded at a location in any year.

Resources to Plan Your Teaching

B Environment Canada’s Water Survey website:
www.wsc.ec.ge.ca/products/main_e.cfm?cname=products_e.cfm

B Soukhome, J., G. Peaslee, C. Van Faasen, & W. Statema. Watershed Dynamics:
12 Labs for High School Science. Arlington, VA: NSTA Press, 2009.

The Three A's

Activate: Show students a map of the Lake Winnipeg basin. Ask students from
what major rivers the bulk of incoming water in Lake Winnipeg originates.
Answer:

Red River

Winnipeg River

Dauphin River

Fisher River

Saskatchewan River

Acquire and Apply: Explain to students the two terms recurrence interval and
annual exceedance probability. Explain to them that by looking at previous water
data, we can get a clearer understanding of the fluctuations in water levels and
use them to predict large flood events.

Lake Winnipeg
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Probing Questions

1. Using the flood frequency chart, estimate the discharge of 10-year, 25-year,
and 100-year floods. Read the years off the x-axis, and find the discharge
that corresponds on the y-axis.

2. What was the highest peak stream flow for the river studies, and what year
did it occur? What are the probability and the recurrence interval of this
discharge?

3. Look at the peak discharge of the Red River at Emerson over the years. Has
the peak discharge increased or decreased? Give a reason why or why not.

4. Explain why major flood events can benefit us in understanding how to care
for Lake Winnipeg.

Assessment

Assessment for Learning: Using a checklist, provide students with feedback on
their computer skills and their ability to work with electronic databases.

Checklist for Database Management

The student

Q
Q
Q
Q

enters or downloads data into a spreadsheet
manipulates data using a formula
creates a graph using a data management program

adds headings to the graph

Assessment of Learning: Assess the answers to the questions at the end of the
lesson.
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Notes
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BLM 2-2-1

How to Obtain the Data Set from Water Survey of Canada:

1.

Go to the Water Survey of Canada website at
<www.wsc.ec.gc.ca/staflo/index_e.cfm>. This website address will bring
you to the stream flow statistics site.

Type in the river for which you would like data. There may be several
monitoring stations that come up with your search (e.g,, if you type Red
River, you will get 27 different stations). Select one of these stations by
marking it with a checkmark and clicking on Obtain report. The report will
give you information about the maximum and minimum flow of the river,
and a historical set of data on peak flow. The historical data is what you
want for your graph.

Cut and paste the historical data into Excel or another database program.

Insert a column in between the year and peak flow columns to calculate
recurrence interval data. Calculate the recurrence interval (T) using the
formula T=(n+1)/m, where m is the rank number and # is the total number of
years in the data set.

Insert a column to the right of the peak flow column for the annual
exceedance probability (AEP). Calculate the AEP by taking the inverse of the
recurrence interval using the formula AEP = m / (n + 1). Put the formula into
the spreadsheet.

Make a semi-logarithmic graph of peak stream flow versus recurrence
interval. (In Excel, this is done by selecting Insert Chart and selecting a
scatterplot chart type.) Highlight the recurrence interval and peak flow
columns for the data set. Select Next and then type in the names for the
x-axis and y-axis. Select Next and Finish. Right-click on the x-axis, select Scale,
and check Logarithmic. To add a best-fit line, right-click on the graphed data
and select Add Trendline, and then select Logarithmic.







BLM 2-2-2

Student Handout: Flood Forecasting

Select a river in the Lake Winnipeg watershed that you would like to
investigate.

How to obtain the data set from Water Survey of Canada:

1.

Go to the Water Survey of Canada website at
<www.wsc.ec.gc.ca/staflo/index_e.cfm>. This website address will
bring you to the stream flow statistics site.

. Type in the river for which you would like data. There may be

several monitoring stations that come up with your search (e.g., if
you type Red River, you will get 27 different stations). Select one
of these stations by marking it with a checkmark and clicking

on Obtain report. The report will give you information about the
maximum and minimum flow of the river, and a historical set of
data on peak flow. The historical data is what you want for your
graph.

Cut and paste the historical data into Excel or another database
program.

Insert a column in between the year and peak flow columns

to calculate recurrence interval data. Calculate the recurrence
interval (T), using the formula T= (n+1)/m, where m is the rank
number and n is the total number of years in the data set.

Insert a column to the right of the peak flow column for the annual
exceedance probability (AEP). Calculate the AEP by taking the
inverse of the recurrence interval using the formula

AEP = m/(n + 1). Put the formula into the spreadsheet

Make a semi-logarithmic graph of peak stream flow versus
recurrence interval. (In Excel, this is done by selecting Insert Chart
and selecting a scatter-plot chart type.) Highlight the recurrence
interval and peak flow columns for the data set. Select Next and
then type in the names for the x-axis and y-axis. Select Next

and Finish. Right-click on the x-axis, select Scale, and check
Logarithmic. To add a best-fit line, right-click on the graphed data
and select Add Trendline, and then select Logarithmic.
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BLM 2-2-3

Probing Questions

1. Using the flood frequency chart (Figure 1 on page 82), estimate
the discharge of 10-year, 25-year, and 100-year floods. Read the
years off the x-axis, and find the discharge that corresponds on

the y-axis.

2. What was the highest peak stream flow for the river studies, and
what year did it occur? What are the probability and the recurrence
interval of this discharge?

3. Look at the peak discharge of the Red River at Emerson over the
years (Figure 2 on page 82). Has the peak discharge increased or
decreased? Give a reason why or why not.

(continued)
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4. Explain why major flood events can benefit us in understanding
how to care for Lake Winnipeg.




Sample Data Set

Year FEB MAR APR Peak JUN JUL AUG SEP OCT NOV DEC PERIOD
1913 | 14.1| 8.55| 11.3 378 | 90.1| 49.8| 37.9| 27.1| 34.3| 33.6| 37.9 24.6
1914 | 15.3| 13.9| 22.7 117 91.9| 125| 98.7| 39.1| 37.8 39| 39.5 28.5
1915 | 25.3 24.6 | 28.1 144 106 142 372 | 83.5 50.9 51.5 45.4 32.5
1916 | 25.4| 22.3| 26.1 820 588 | 225 304 145 120 91| 79.4 56.5
1917 | 35.6| 29.6| 32.3 397 164 | 73.3| 41.7| 18.2| 13.2| 19.3| 25.5 16
1918 | 6.75| 6.27| 30.3 68.9| 51.4| 65.1| 28.2| 20.7| 189 11.6| 19.1 16.3
1919 | 13.3 12| 16.8 219 112 61 221 103 | 43.4 33| 22.6 20.6
1920 23| 25.6| 82.8 520 119 | 138| 95.1| 43.7| 32.1| 34.3| 35.1 28.7
1921 23 22.1 32.3 181 | 73.9| 78.2 50.5 25 23.8 23.7 20.4 18.7
1922 | 13.2| 10.7 56 361 227 | 95.6| 42.3| 18.2| 16.9| 14.2| 20.7 10.6
1923 | 8.65| 9.27| 11.2 287 219 57| 69.6| 23.1 17| 17.3| 17.3 11.3
1924 | 6.38| 6.71| 8.67 80.2 | 87.5 38| 25.4| 11.5| 10.1 20 15 5.91
1925 | 3.99| 5.25| 30.4 137 | 46.7| 299| 96.3| 14.7| 15.8| 26.5| 25.2 18.6
1926 | 13.2| 14.7 | 47.8 150 38| 72.9| 59.7| 13.8| 12.8| 27.6| 23.1 14
1927 | 11.8 11.1 113 380 415 247 93.8| 45.1 42 38.8 31.3 22.8
1928 | 17.1 19| 55.3 215| 80.7| 93.4 128 | 54.4| 68.6| 51.6| 45.3 30.9
1929 | 29.7 25 167 192 | 75.1 48 | 21.4 12| 9.14| 12.8| 13.6 8.33
1930 | 5.67| 5.07| 81.9 247 146 | 54.5| 30.1| 10.3 6.1| 6.56| 7.57 6.68
1931 | 4.98| 5.65| 27.2 95.9 25| 18.7| 10.1| 4.46| 2.29 24| 6.25 5.3
1932 | 4.71| 3.91| 38.6 221 | 54.5| 16.6| 7.25| 1.77| 1.13 1.3| 3.44 2.52
1933 | 1.53 1.4| 24.4 165 | 43.8 29| 7.18| 2.07 1.3 1.38 2.4 1.31
1934 | 1.54| 0.923| 139 61.7| 18.8| 5.55| 3.91| 1.32| 0.673 1.33| 2.19 1.18
1935(0.399 | 0.763 | 21.2 94.2 | 33.2| 12.4| 30.6| 14.6| 7.61| 3.31 2.2 1.68
1936 | 1.61 1.53| 1.65 191 73.7| 16.5| 3.41| 2.24| 1.89| 0.811| 0.672 0.947
1937 | 0.201 | 0.034 | 0.064 57.4| 82.3 30| 23.5| 44.3| 23.2| 11.4| 7.95 2.05
1938 | 1.51 2.15| 41.2 36.3 138 | 73.1 24.2 | 6.16 5.48 5.66 5.87 5.15
1939 56| 7.23| 7.35 105 | 33.8| 18.6 16| 5.31| 6.52| 10.1| 10.9 7.87
1940 | 3.83 4.2| 6.35 144 | 63.2| 29.8| 10.1| 7.23| 5.29| 6.68| 11.1 8.38
1941 | 8.84| 9.86| 10.2 387 | 88.3| 150 40.4| 21.4| 52.5| 86.8| 39.3 25.1
1942 16 18| 55.5 468 254| 119| 51.2| 35.5| 88.1| 46.5| 32.1 21.9
1943 | 22.6 19.8 | 34.2 655 206 352 184 | 73.2 51.5 41.7 40.5 26.2
1944 | 18.8 20.8| 21.7 123 107 197 193 170 167 82.3 114 77.3
1945 | 36.6| 38.7 258 571 245| 114| 61.9| 37.1| 50.3| 55.9| 39.6 28
1946 | 26.8| 22.4 162 414 117 | 62.9| 69.1 36 33 47 | 45.8 33.1
1947 | 29.2| 25.4| 299 505 338 | 341 164 | 57.5| 44.5| 52.8| 46.8 38.1
1948 | 30.7| 23.9| 24.1 704 568 | 109 | 88.9 47| 28.6| 19.1| 20.2 15.8
1949 | 12.7 12.9 16.9 417 144 172 96.7| 93.1 51.1 32.4 39.3 30.2
1950 | 23.4| 21.2| 26.2 751 | 2060 | 631 286 108 | 74.1| 94.3| 58.7 61.2
1951 | 58.1 51| 64.8 556 308 | 140| 77.6| 41.4| 554 44.8 40 54
1952 | 50.6| 54.2| 56.9 486 217 | 108 166 | 64.7 39| 26.8| 24.5 19.8
1953 | 17.3| 17.3| 38.6 115 | 89.2| 252 157 | 65.2| 37.3| 253 27.2 26.5

(continued)
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Year FEB MAR APR Peak JUN JUL AUG SEP OCT NOV DEC PERIOD
1954 | 23.6 24| 38.9 165| 120| 121| 83.8| 40.7| 25.4| 23.1| 23.5 20.3
1955| 20.7| 18.5| 18.5| 300| 91.4| 121| 77.6| 51.4| 26.7| 26.7| 17.1 12.7
1956 | 12.2| 12.9| 14.4| 361| 412| 154| 116| 32.7| 57.4| 19.3| 37.5 17.4
1957 | 12.5| 11.6| 40.9 167 | 128| 119| 263| 81.6| 181| 107| 95.8 48.5
1958 | 39.2 37| 52.9| 94.3| 46.7| 40.3| 115| 28.5 13| 12.2| 13.8 10.1
1959 | 9.86 9.7| 17.9 171| 59.8| 77.8| 58.5| 21.5| 15.4 16| 16.6 17.8
1960 | 17.5| 15.8| 13.4| 468| 147| 88.1| 64.6| 16.7| 17.5| 9.68| 15.7 10.7
1961 | 9.76 | 8.29| 48.7| 73.4 68| 31.5| 12.5| 7.77| 7.55| 16.8| 11.6 7.43
1962 | 5.6| 5.66| 6.37| 418| 340| 720| 455| 204| 95.3| 69.4| 61.6 46.3
1963 | 35.3| 30.4| 42.9 222 | 106| 212| 86.4| 37.2| 34.3| 39.5| 27.4 19.7
1964 | 21.7| 21.4| 19.4| 240| 155| 269| 103| 37.4 19| 48.2| 39.3 25.8
1965| 25.8| 25.2| 26.9| 708| 526| 284| 160| 66.4| 59.3| 125| 94.5 78.2
1966 | 53.2| 46.7| 165| 1300| 573| 198| 135| 107| 81.9| 56.4| 60.4 51.6
1967 | 46.2| 41.8| 59.1 720| 566| 185| 102| 42.1| 26.9| 25.7| 27.3 19.1
1968 | 13.9 14| 40.6 138| 70.9| 171| 194| 93.2| 84.8| 62.4| 60.7 55.4
1969 48| 45.7| 61.5| 825| 777| 183| 114| 58.8| 46.9 59| 57.8 44.5
1970 | 41.2 40| 44.7| 544| 650| 480| 156| 45.7| 39.6| 36.3| 47.2 31
1971 | 29.3| 28.3| 55.5| 410| 155| 92.1| 82.4| 41.4| 42.4| 114| 146 75.9
1972 | 55.6| 45.2| 193| 677| 308| 180| 70.3| 70.2| 58.3| 51.9| 48.4 32.7
1973 | 31.5| 31.6| 165| 76.7| 48.6| 37.1| 17.6| 22.1| 72.7| 118 74 58.9
1974 | 48.5| 47.8| 57.3| 548| 840| 305| 106| 92.4| 58.1| 54.9| 60.6 38.5
1975 | 37.2 40| 46.7| 367| 773| 196| 794| 133| 72.5| 68.8| 68.2 44.3
1976 | 43.1| 46.5| 79.1| 494| 125| 67.3 44| 31.7| 20.6 11| 8.89 5.01
1977| 5.11| 5.38| 11.3| 59.5 34| 24.4 18| 7.38| 15.1| 40.3| 31.9 36.6
1978 | 34.7 28| 49.2| 1020| 290| 110| 102 49| 31.7| 27.1| 24.7 18.3
1979 | 15.9| 16.4| 21.9| 698| 1390| 229| 182| 95.5| 63.1| 49.6| 55.4 43.3
1980 | 38.3| 37.7| 41.9| 287 68| 46.2| 24.4| 13.7| 23.7| 15.6]| 18.6 10.2
1981 | 8.27 8.4| 41.6| 51.2| 39.3| 44.8| 77.5 43| 51.2 68| 55.6 31.3
1982 | 32.6| 29.9| 49.7| 625| 251| 121| 116| 69.8| 38.1| 124| 71.8 54.8
1983 | 45.7 39| 265| 355| 114| 144| 184| 74.3| 79.9| 63.1| 60.5 48.8
1984 | 39.1| 36.1 82| 542| 120| 328| 96.3| 43.3| 27.2| 52.4| 52.7 40.9
1985| 34.2| 32.7| 183| 209| 258| 225| 209| 208| 166| 128| 79.5 59.4
1986 57 51.3 172 760 631 209 142 | 80.6| 82.6 102 59 56.2
1987 | 51.1| 45.7| 195| 637 120| 104 88 74| 31.4| 23.5| 23.7 19.9
1988 | 13.3| 14.4| 63.9 188 | 40.9| 30.8| 13.1| 7.98| 9.41| 9.55| 8.77 7.27
1989 | 7.45| 10.8| 11.2| 608| 195| 76.2| 32.2| 12.2| 29.6| 12.8| 10.6 7.31
1990 | 4.88| 7.39| 32.5 100| 47.1| 61.7| 33.7| 13.2| 10.4| 8.46| 8.91 6.57
1991 | 5.02| 6.95| 16.8| 59.4| 79.9| 65.3| 112| 36.7| 44.7| 24.4| 25.2 16.2
1992 | 15.6| 15.7| 200| 287| 128| 71.1| 84.3| 36.1| 74.1| 34.4| 24.1 26.4
1993 | 24.3| 28.8| 37.1| 425| 117| 131| 298| 765| 283| 120| 78.7 57.8
1994 | 42.3| 42.6| 153| 498| 214| 173| 377| 125| 135| 170| 143 83.4
1995| 55.4| 50.4| 434| 950| 405| 171| 236| 107 77| 97.9| 91.1 64.7

(continued)
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Year FEB MAR APR Peak JUN JUL AUG SEP OCT NOV DEC PERIOD
1996 | 53.5| 50.9| 107| 819| 1170| 421| 134| 87.8| 50.6| 53.5| 67.4 61.9
1997 | 55.9| 59.1| 65.3| 1360 | 1550 306| 535| 122| 83.6| 111 97 77.5
1998 | 54.5| 69.3| 580| 545| 408| 294| 460| 99.1| 66.6| 103| 95.5 100
1999 | 63| 59.2| 212| 1270| 610| 420| 272| 177| 325| 134| 109 90.6
2000 | 61.7| 49.1| 239| 173| 125| 329| 461| 99.6| 96.9| 76.7| 390 115
2001 76| 69.6| 106| 1120| 861| 325| 202| 257| 77.6| 655| 107 80.3
2002 | 58.9| 48.1| 55.6| 153| 162| 647| 704| 180| 232| 69.8| 57.4 39.2
2003 | 33.2| 27.1| 70.9| 139| 158| 162| 208| 47.5| 19.7| 18.7| 17.9 15.2
2004 | 15.3| 12.4| 105| 799| 289| 512| 156| 63.1| 115| 135| 348 96.1
2005| 60.8| 61.4| 88.9| 663| 249| 700| 787| 232| 172| 124 111 104
2006 | 100| 85.4| 114| 1490| ©567| 159| 59.8| 44.4| 41.7| 43.3| 32.9 26.2
2007 | 24.2| 19.3| 174| 657| 290| 607 | 371 64| 36.6| 48.1| 49.8 31.9
2008 | 30.8| 24.8 30| 244| 169| 274| 103| 78.4| 88.1| 260| 313 82.1
Sample Table Created from Data Set
Rank Year Recurrence Peak Discharge AEP
Interval
56 2008 1.732142857 244 0.577319588
20 2007 4.85 657 0.206185567
1 2006 97 1490 0.010309278
19 2005 5.105263158 663 0.195876289
11 2004 8.818181818 799 0.113402062
76 2003 1.276315789 139 0.783505155
72 2002 1.347222222 153 0.742268041
5 2001 19.4 1120 0.051546392
67 2000 1.447761194 173 0.690721649
4 1999 24.25 1270 0.041237113
28 1998 3.464285714 545 0.288659794
2 1997 48.5 1360 0.020618557
10 1996 9.7 819 0.103092784
7 1995 13.85714286 950 0.072164948
33 1994 2.939393939 498 0.340206186
38 1993 2.552631579 425 0.391752577
54 1992 1.796296296 287 0.556701031
93 1991 1.043010753 59.4 0.958762887
83 1990 1.168674699 100 0.855670103
24 1989 4.041666667 608 0.24742268
65 1988 1.492307692 188 0.670103093
22 1987 4.409090909 637 0.226804124
(continued)
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Rank Year NS Peak Discharge AEP
Interval

12 1986 8.083333333 760 0.12371134
62 1985 1.564516129 209 0.639175258
30 1984 3.233333333 542 0.309278351
50 1983 1.94 355 0.515463918
23 1982 4.217391304 625 0.237113402
95 1981 1.021052632 51.2 0.979381443
53 1980 1.830188679 287 0.546391753
17 1979 5.705882353 698 0.175257732
6 1978 16.16666667 1020 0.06185567
92 1977 1.054347826 59.5 0.948453608
34 1976 2.852941176 494 0.350515464
47 1975 2.063829787 367 0.484536082
27 1974 3.592592593 548 0.278350515
88 1973 1.102272727 76.7 0.907216495
18 1972 5.388888889 677 0.18556701
42 1971 2.30952381 410 0.432989691
29 1970 3.344827586 544 0.298969072
8 1969 12.125 825 0.082474227
77 1968 1.25974026 138 0.793814433
14 1967 6.928571429 720 0.144329897
3 1966 32.33333333 1300 0.030927835
15 1965 6.466666667 708 0.154639175
57 1964 1.701754386 240 0.587628866
58 1963 1.672413793 222 0.597938144
39 1962 2.487179487 418 0.402061856
89 1961 1.08988764 73.4 0.917525773
37 1960 2.621621622 468 0.381443299
68 1959 1.426470588 171 0.701030928
85 1958 1.141176471 94.3 0.87628866
69 1957 1.405797101 167 0.711340206
49 1956 1.979591837 361 0.505154639
51 1955 1.901960784 300 0.525773196
71 1954 1.366197183 165 0.731958763
81 1953 1.197530864 115 0.835051546
35 1952 2.771428571 486 0.360824742
26 1951 3.730769231 556 0.268041237
13 1950 7.461538462 751 0.134020619
40 1949 2.425 417 0.412371134
16 1948 6.0625 704 0.164948454

(continued)
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Recurrence

Rank Year Peak Discharge AEP
Interval

32 1947 3.03125 505 0.329896907
41 1946 2.365853659 414 0.422680412
25 1945 3.88 571 0.257731959
79 1944 1.227848101 123 0.81443299
21 1943 4.619047619 655 0.216494845
36 1942 2.694444444 468 0.371134021
44 1941 2.204545455 387 0.453608247
75 1940 1.293333333 144 0.773195876
82 1939 1.182926829 105 0.845360825
96 1938 1.010416667 36.3 0.989690722
94 1937 1.031914894 57.4 0.969072165
64 1936 1.515625 191 0.659793814
86 1935 1.127906977 94.2 0.886597938
91 1934 1.065934066 61.7 0.93814433
70 1933 1.385714286 165 0.721649485
59 1932 1.644067797 221 0.608247423
84 1931 1.154761905 95.9 0.865979381
55 1930 1.763636364 247 0.567010309
63 1929 1.53968254 192 0.649484536
61 1928 1.590163934 215 0.628865979
45 1927 2.155555556 380 0.463917526
73 1926 1.328767123 150 0.75257732
78 1925 1.243589744 137 0.804123711
87 1924 1.114942529 80.2 0.896907216
52 1923 1.865384615 287 0.536082474
48 1922 2.020833333 361 0.494845361
66 1921 1.46969697 181 0.680412371
31 1920 3.129032258 520 0.319587629
60 1919 1.616666667 219 0.618556701
90 1918 1.077777778 68.9 0.927835052
43 1917 2.255813953 397 0.443298969
9 1916 10.77777778 820 0.092783505
74 1915 1.310810811 144 0.762886598
80 1914 1.2125 117 0.824742268
46 1913 2.108695652 378 0.474226804
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Lesson: Bathymetry of Lake Winnipeg’s North and South
Basin

Specific Learning Outcomes

B SLO Cé: Estimate and measure accurately using Systeme International (SI)
and other required standard units. Include: SI conversions, interconversion
of units, significant figures.

B SLO C8: Interpret patterns and trends in data, and infer and explain
relationships. Examples: line of best fit, regression equations, statistical analysis,
modes of representation (visual, numerical, graphical, symbolical)...

Introduction

One of the characteristics of Lake Winnipeg is that the north and south basins
have very different characteristics, and they are joined by a very narrow
channel. This means that these areas of the lake are also affected by nutrient
influx quite differently. Students have used topographic maps in previous
lessons. In this lesson, students examine the characteristics of the north and
south basins using bathymetric maps.

Objectives

Using the bathymetric maps of Lake Winnipeg’s north and south basins,
students will compare basin depths by profiling each basin.

Teacher Background

A topographic map displays Earth’s elevational changes. A bathymetric map is
similar to a topographic map in that it displays the changes in elevation for the
floor of a body of water. Bathymetric maps use metres above sea level (MASL)
as a reference point. A slope or relief is indicated by the distance between
contour lines or, in the case of a bathymetric map, the distance between
isobaths. For example, isobaths that are close to one another will indicate a
steep slope.

There are a few techniques employed when creating a bathymetric map such
as a sonar and eco sounder. The maps in this lesson were created in part by
sonar transects done on Lake Winnipeg in 1969. They are part of G.J. Brunskill,
S.E.M. Elliott, and P. Campbell’s 1980 report “Morphometry, Hydrology, and
Watershed Data Pertinent to the Limnology of Lake Winnipeg Western.”

In this lesson, students will create a cross-section or profile of Lake Winnipeg'’s
north and south basins. A bathymetric profile is a representation of the floor of
any body of water between two points. It provides an overview of the changes

in the depth within the two points.

Essential Question 2 H



82

A description of the geographical features of Lake Winnipeg’s north and south
basins can be found on page 8 (paper) or 12 (electronic) of Restoring the Health of
Lake Winnipeg, Technical Annex, Canada’s Sixth Great Lake by Terry Duguid and
Norm Brandson. Available online at <http://manitobawildlands.org/water_
lakewpg.htm>.

Terminology

Bathymetry: The measurement of changing depth in the bottom of a body of
water.

Bathymetric Profile: This displays the changes in elevation for chosen points
in a body of water.

Isobath: This is a contour line connecting points of equal depth under water.

Trace Line: This is a line connecting two points, which the bathymetric profile
will represent.

The Three A’s

Activate: Ask students if they know of ways we can visually represent depth
in various regions in a lake. After discussing, provide students with the
bathymetric maps of Lake Winnipeg (1 for the north basin and 1 for the south
basin).

Acquire: Using the bathymetric maps, have students make observations and
record their data on the Lake Winnipeg Bathymetric Worksheet.

Using an overhead, show students what a trace line is, and how to create a
profile of the trace line.

Apply: Have students choose a trace line for each map, and depict the results
on graph paper. Let students know that they must include a title and properly
label the x- and y-axes. After completing the profile, have students input the
data into one graph using Excel (see the instructions on how to create a profile
in Excel below).

Assessment

Assessment for Learning: Using a checklist, provide students with feedback on
their computer skills and their ability to work with electronic databases.

Assessment of Learning: Collect student responses to questions, and provide
feedback.

Lake Winnipeg
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BLM 2-3-1

Steps to Create a Bathymetric Profile

8
H
|
|
Create a trace line. This trace line should connect two points from shore to
shore.
|
|
2

After creating the trace line, cut a piece of paper that stretches across the two
points. Using this paper, match and mark off all of the isobaths.

Source: Brunskill, G.J., S.E.M. Elliott, & P. Campbell. Morphometry, Hydrology, and Watershed Data Pertinent to the Limnology of
Lake Winnipeg. Winnipeg, MB: Minister of Supply and Services Canada, 1980. Available online at

<www.dfo-mpo.gc.ca/library/74105.pdf>. Reproduced under the terms for non-commercial reproduction, as cited at
<www.dfo-mpo.gc.ca/notices-avis-eng.htm>.

(continued)




BLM 2-3-1 (continued)
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Place the paper that has the isobaths recorded on a piece of graph paper. Mark
and label the x- and y-axes. Now graph the isobaths and connect the points.
Make sure to title your map, and then you will have a finished profile, as seen

below.
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BLM 2-3-2

Creating a Profile in Excel

You will need to enter the isobaths for the north and south basins into separate
columns.

IIIIIII]lIIIIllldlllllllllsllll

T T T T Ty

MNorth Basin 4 8 12 16
South Basin 4 3 10 12

Then highlight all of your data, chose Chart under the Insert menu. Then
choose the most appropriate chart type in which to display your data.

Insert

Cells...
Rows
Columns
Worksheet

List...

Page Break 12 16 18
Function... B 10 12 12
Name b
Comment _

North Basin |
South Basin

Picture >

(continued)




An example of a finished profile:

A BATHYMETRIC PROFILE OF LaAke WINNIPEG'S
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BLM 2-3-3

Bathymetric Worksheet 1

Student name: Date:

1.

What are some of the unique and or interesting features of the
maps on BLM 2-3-17?

What are the map scales?

What is the isobath (contour) interval?

What do the isobath (contour) lines indicate?

Is the north basin deeper or shallower than the south basin?

(continued)




BLM 2-3-3 (continued)

6. How does the lake depth change around islands?

7. What does the map tell us about the narrows?

8. What are the major rivers that enter the north basin?

9. What are the major rivers that enter the south basin?

10. What distance does your trace line represent for the north and
south basins?

11. How does bathymetry contribute to our understanding of how to
care for Lake Winnipeg?

(continued)



BLM 2-3-3 (continued)

Lake Winnipeg’s North Basin
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Source: Brunskill, G.J., S.E.M. Elliott, & P. Campbell. Morphometry, Hydrology, and Watershed Data Pertinent to the
Limnology of Lake Winnipeg. Winnipeg, MB: Minister of Supply and Services Canada, 1980, p. 25. Available online at
<www.dfo-mpo.gc.ca/library/74105.pdf>. Reproduced under the terms for non-commercial reproduction, as cited at
<www.dfo-mpo.gc.ca/notices-avis-eng.htm>.
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BLM 2-3-3 (continued)

Lake Winnipeg’s South Basin
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Source: Brunskill, G.J., S.E.M. Elliott, & P. Campbell. Morphometry, Hydrology, and Watershed Data Pertinent to the
Limnology of Lake Winnipeg. Winnipeg, MB: Minister of Supply and Services Canada, 1980, p. 26. Available online at
<www.dfo-mpo.gc.ca/library/74105.pdf>. Reproduced under the terms for non-commercial reproduction, as cited at

<www.dfo-mpo.gc.ca/notices-avis-eng.htm>.
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Lesson: How to Best Restore Lake Winnipeg from Shoreline
Erosion

Specific Learning Outcomes

B SLO C1: Identify questions to investigate that arise from practical problems
and issues.

B SLO C3: Design and conduct an investigation to answer a specific scientific
question. Examples: materials necessary, independent/dependent variables, controls,
testable hypothesis or prediction, methodology, safety considerations, appropriate
sampling procedures. ..

B SLO C11: Synthesize information obtained from a variety of sources.

B SLO C15: Use bibliographic and electronic research tools to collect
information on a selected topic. Examples: keyword searches, search engine
navigation, databases. ..

Introduction

The erosion of a shoreline along a lake increases the amount of particulates
and rotting vegetation that is released into the water. This decreases the
clarity of the lake and inhibits light from penetrating into the water column.
Therefore, it is important to reduce shoreline erosion on Lake Winnipeg.
Students have previously been exposed to sources of nutrient loading into the
lake. Examining shoreline erosion is important to understand nutrient loading.

Objectives

Identify the shoreline features of Lake Winnipeg, and investigate one shoreline
management technique.

Teacher Background

There are many ways to try to prevent or stabilize eroded shoreline. “Soft”
approaches are more environmentally friendly, as they work with the natural
environment. Below is an overview of some “soft” approaches.

Preserve the Natural Shoreline

One of the most effective and easiest ways is to take a “do nothing” approach.
It is as simple as not mowing the grass or cutting the trees and shrubs on the
shoreline. This allows natural vegetation to grow or become re-established.

A naturally vegetated shoreline has many benefits, such as preventing
contaminants or excess nutrients from entering the water; preventing erosion
caused by rain, wind, wave, and ice action; and supplying food, shade, and
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cover for fish in the shallow water. If some vegetation must be removed, limit
the amount. Try to prune trees and shrubs back instead of removing them.

Shoreline Planting

The establishment of natural vegetation can be accelerated by selectively
planting native deep-rooted species. Willow, alder, and red osier dogwood are
some common species that have roots that extend deep into the soil, helping
to keep the soil and shoreline together. The best time to plant is after the last
frost in spring. When damage occurs, natural shoreline plants can re-establish
themselves often without your assistance. Repairing damaged retaining walls
or harder structures is usually difficult and more expensive.

Bioengineering

The planting of native species may not be sufficient to stop the erosion of a
shoreline; in which case, a bioengineering approach may be more appropriate.
Bioengineering incorporates plants in combination with natural materials
(logs, live stakes, live brush bundles, etc.) into the shoreline stabilization
design. It is sometimes referred to as a “living fence.”

The advantage of bioengineering a shoreline is that the shoreline looks natural,
can provide fish habitat, and allows natural vegetation a chance to root.
Providing protection to enable vegetation to root increases the chances of long-
term stability of the shoreline, and may prevent the need for hard structures
such as rip-rap.

Hard Structures

In certain situations, hard structures are needed. While not as aesthetically
pleasing as soft structures and much more expensive, they are useful in
situations where soft structures by themselves do not provide enough
protection. When hard structures are combined with soft structures, the
results may be enhanced. The application of rip-rap is a common example of
the use of a hard structure.

Rip-rap

Rip-rap is the use of boulders and rock to reduce erosion caused by wave
action. In general, the boulders need to be heavy enough to resist movement
by the waves and placed on an appropriate slope. The appropriate slope is
generally 1 to 2. This means that for every metre in rise, there needs to be
two metres of run toward the lakeshore. The size of the material deposited
upon the bank needs to be large enough and sloped appropriately that the
waves will “roll-up” the slope rather than crash into the materials. This helps
to reduce the erosion force of the waves, and prolongs the stability of the

rip-rap.
The use of filter cloth under the rock helps to prevent erosion of the finer

particles under the rock. The planting of appropriate vegetation also assists in
prolonging the stability of the rip-rap.

Lake Winnipeg



If done appropriately, the installation can enhance fish habitat by reducing
sediment problems in fish habitat, and can also provide spaces for fish to feed,
protected from large predators.

For a brief description of Lake Winnipeg's shoreline and its erosion issues, read
pages 12 and 80 (electronic) of Restoring the Health of Lake Winnipeg, Technical
Annex, Canada’s Sixth Great Lake by Terry Duguid and Norm Brandson.
Available online at <http://manitobawildlands.org/water_lakewpg.htm>.

Resources to Plan Your Teaching

B Pattimore, John H. Outdoor Education Activity Program, Lakeshore Environment.
Winnipeg, MB: Manitoba Parks Branch Department of Natural Resources,
1980.

This resource is very useful for those classrooms located close to a beach
or shoreline. Many of the activities specifically look at wave action as a
cause of shoreline erosion.

B Baird, WF, & Associates Coastal Engineers LTD. Stantec Consulting LTD.
Shoreline Erosion Advisory Group, Technical Report #5, Shoreline Erosion
Study, Shoreline Erosion Advisory Group, September 2005.

B Grosshans, RE. D.A. Wrubleski, & L.G. Goldsborough. Changes in the
Emergent Plant Community of Netley-Libau Marsh between 1979 and 2001.
Winnipeg, Canada: Delta Marsh Field Station (University of Manitoba)
Occasional Publication No. 4, 2004. Available online at
<www.gov.mb.ca/waterstewardship/iwmp/netley/documentation/netley_
libau_marsh_report.pdf>.

B Manitoba Natural Resources, & Canada Fisheries and Oceans. Manitoba
Stream Crossing Guidelines for the Protection of Fish and Fish Habitat. Winnipeg,
MB: Manitoba Natural Resources, May 1996.

This resource provides a number of definitions and diagrams that are very
useful to understand terms used in erosion prevention and fish habitat
enhancement. Available online at <www.gov.mb.ca/waterstewardship/
fisheries/habitat/sguide.pdf>.

B Manitoba Education. Lake Winnipeg Water Stewardship A Resource for Grade 8
Science. Winnipeg, MB: Manitoba Education, 2010.

This resource provides a starting point for an understanding of
sustainability issues for Lake Winnipeg. It has a very extensive
bibliography. Additionally, the 57 pages of blackline masters use
photographs and/or diagrams to illustrate concepts, such as natural
means of erosion prevention, rip-rap, bulkheads, and breakwaters/
groynes and gabions. Available online at <www.edu.gov.mb.ca/k12/esd/

water/index.htmI>.
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The Three A’s

Activate: Have students discuss areas along a waterway that have been eroded
and what they look like.

Acquire and Apply: Show a picture of the shores for the east and west side

of Lake Winnipeg and for the south basin. Discuss the physical differences,
such as geological, soil, and vegetation differences. Show an extremely eroded
shoreline of Lake Winnipeg. Pinpoint the areas that are very eroded, and
discuss reasons and possible solutions to this problem.

The Problem

Lake Winnipeg is extremely long, and the predominant winds from the north
can result in extremely large waves along the southern shores—a phenomenon
known as a setup or wind tide. Setups greater than 1 m above normal

lake levels have been recorded along many of Lake Winnipeg’s southern
beaches. Wind tides have caused considerable storm damage and shoreline
erosion. The highest setups occur in the fall, when the northerly winds are
strongest. If the winds die down suddenly, the waters rush northward, and
then withdraw back in a process called seiching. The extreme energy of this
wave action has resulted in tremendous damage to the shoreline, including
the removal of vegetation, extensive loss of soil, and even property damage.
You have been asked to consult on the best restoration solution for a cottage
property on the northeast side of Lake Winnipeg.

This is the shoreline of the property:
Property Description

Northeast shore of Lake Winnipeg
400 X 250ft

Soil: Clay-loam

pH: neutral

Grade: gentle slope

You must provide the property owner with a project description, which
includes the following;:

A description of the technique you have chosen

The techniques benefits (provide supporting research)

Estimated cost

Ecological benefits, if any

Any issues surrounding the use of your technique

Lake Winnipeg



Assessment

Assessment for Learning: Have students peer edit each other’s reports prior to
submitting them.

Assessment of Learning: Research reports on the shoreline erosion problem are
collected and assessed using the rating scale provided.

Report Rating Scale

1-poor 2-fair 3-satisfactory 4-very good 5-excellent

Description of the technique is clearly identified and described 12345
The benefits of the technique are identified using literature 12345
The costs are identified and reasonably justified 12345
The ecological benefits are clearly discussed 12345
The issues associated with the technique are clearly discussed 12345

Essential Question 2 H
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Lesson: Changes in the Netley-Libau Marsh

Specific Learning Outcomes

B SLO Cé: Estimate and measure accurately using Systeme International (SI)
and other required standard units. Include: SI conversions, interconversion
of units, significant figures.

B SLO C9: Analyze data or observations in order to draw conclusions
consistent with the available results of an investigation, and identify the
implications of these results. Examples: cause and effect relationships, alternative
explanations, support for or rejections of a hypothesis or prediction statement...

B SLO C10: Identify new questions or problems that arise from an
investigation.

Objectives

Students will

B become familiar with the geography of the Netley-Libau marsh

B determine dominant vegetative types/plants found in the Netley-Libau
marsh

B calculate changes in vegetative cover and decline (1979-2001) in the
Netley-Libau marsh

B identify some of the probable causes associated with changes in the
Netley-Libau marsh

B compare calculated results with the emerging plant community study

(see Grosshans, R.E., D.A. Wrubleski, & L.G. Goldsborough. Changes in the
Emergent Plant Community of Netley-Libau Marsh between 1979 and 2001. Delta
Marsh Field Station (University of Manitoba) Occasional Publication No. 4,
Winnipeg, MB: University of Manitoba, 2004. Available online at
<www.gov.mb.ca/waterstewardship/iwmp/netley/documentation/netley_
libau_marsh_report.pdf>)
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Teacher Background

Marshes are the most productive type of wetlands and play an enormous role
in the health of the planet and, in this case, Lake Winnipeg,.

With the inception of agriculture, wetlands have excessively decreased
throughout North America. Protecting existing wetlands and restoration
efforts throughout the larger Lake Winnipeg basin are all crucial steps needed
for a cleaner healthier Lake Winnipeg.

The Netley-Libau marsh is a remnant of glacial Lake Agassiz and one of the
largest freshwater coastal wetlands in Canada. It is of significant importance
as it lies at the mouth of the Lake Winnipeg’s south basin where the Red River
(contributor of 80 percent of nutrients entering Lake Winnipeg) enters the
lake. Barrier Island, a narrow sand ridge, separates Lake Winnipeg from the
marsh. The marsh is divided into two areas: east of the Red River and west of
the Brokenhead River is the Libau side (Folsters Lake, Parisian Lake, Lower
Devils Lake, Upper Devils Lake, Morrisson Lake, Oak Point Lake, Ramsay
Lake, Hughes Lake, Passwa Lake, McKay Lake and Pruden Bay); west of the
Red River is the Netley side (Goldeye Lake, Netley Lake, Cochrane Lake and
Hardmans Lake).

In Canada, the marsh is designated as an important bird area (see
<www.ibacanada.ca>), with over 100 species of birds. However, the Netley-
Libau Marsh can hardly be called a healthy marsh, as it has undergone major
geographical and vegetative changes over the last 40 years, reducing the
marsh’s productivity in reducing nutrients entering Lake Winnipeg.

Lake Winnipeg
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BLM 2-5-1

In their study, Grosshans etal. demonstrate how changes in the marsh have
led to a corresponding loss of emergent vegetation over the last 20 years.

Deeper water More channels
in south basin connecting to lake
Deeper water Increased lake Fewer periods of
in marsh flow into marsh shallow water
Plant drowning J island Loss of emergent Decreased recruitment
and upland erosion I=> vegetation from seed bank
Il ? -
Increased wind- Increased river
induced waves flow into marsh
Loss of submersed Increased algal
vegetation growth in marsh

Source: Grosshans, R. E., D. A. Wrubleski, & L. G. Goldsborough. Changes in the Emergent Plant Community
of Netley-Libau Marsh between 1979 and 2001. Winnipeg, Canada: Delta Marsh Field Station (University of
Manitoba) Occasional Publication No. 4, 2004. p. 23. Available online at
<www.gov.mb.ca/waterstewardship/iwmp/netley/documentation/netley_libau_marsh_report.pdf>.
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In September 2009, the provincial and federal government dedicated $1 million
(see <http://news.gov.mb.ca/news/index.html?archive=2009-09-01&item=6794>)
to help Manitoba waterways though the protection and restoration of wetlands.
Funding is allotted to policy development and conservation easements. Of the
$1 million, $300,000 is earmarked for the restoration of the Netley-Libau and
Delta marshes.

Resources to Plan Your Teaching

Netley-Libau Marsh

B Netley Marsh Waterfowl Foundation
www.lssd.ca/netleymarsh/

B Nature Manitoba: Netley-Libau Marsh Brochure
www.manitobanature.ca/birder/iba.htm

General Wetland Resources

Ducks Unlimited Canada

B Teacher curriculum and corresponding student handbooks on
wetland education
www.ducks.ca/resource/teachers/lesson_plans/high.html

B The Wetland Centre of Excellence program offers support to high school
students in wetland education through enrichment and action-based programs.
www.ducks.ca/resource/teachers/classroom/index.html

Ouak Hammock Marsh

B General Information
www.oakhammockmarsh.ca/

B Program information for in class and on-site wetland education, as well as
descriptions of teaching kits available for lending.
www.oakhammockmarsh.ca/programs/educators/resources/index.html

The Three A’s

Activate: Teacher-led class discussion on what is a wetland.

Suggested questions:

What is a wetland?

What is the role of a wetland? (Compare to a kidney)

What are the types of wetlands?

What are the parameters for designating each type?

Where in Manitoba would you find these types?

What is the natural succession of a wetland?

How do the soil, plant, and animal communities differ in each type?

What are some of the plants you would expect to find in a wetland?

What are emergent plants?
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Acquire and Apply: Introduce students to the study (see Grosshans, R.E., D.A.
Wrubleski, & L.G. Goldsborough. Changes in the Emergent Plant Community of
Netley-Libau Marsh between 1979 and 2001. Winnipeg, MB: Delta Marsh Field
Station (University of Manitoba) Occasional Publication No. 4, 2004. Available
online at <www.gov.mb.ca/waterstewardship/iwmp/netley/documentation/
netley_libau_marsh_report.pdf>) Have students read the summary page of
this publication, and underline the reasons the researchers identify as the
main contributing factors to changes in the Netley-Libau marsh. After reading
the summary and classroom discussion, have students fill out the Changes at
Netley-Libau Marsh Worksheet.

Using the 2001 map and associated vegetative zone key, have students
determine the dominant plant species, the distribution of vegetation, and

the approximate total area for each type, and record their findings on a
transparent graph sheet. For students to become familiar with the region, have
them label the names of the streams, rivers, and lakes for the Netley-Libau
marsh.

Once students are familiar with the geography, have them make rough
calculations for the apparent changes in the region by comparing the 1979 and
2001 maps. These maps can be printed on transparencies so that students can
overlay the images for more dramatic results. Using the transparent grid paper
and corresponding legend, students can make rough estimates on changes for
indicators of their choices (see BLM 2-5-5).

Changes in Netley-Libau Marsh, 1979-2001:

Indictor 1979 2001 Decline/Increase in %
Open Water 35% 51% Decrease of:
Hard and 13% 1% Decrease of:
soft-stem bulrush
(schoenoplectus spp.)

Table data reproduced from Grosshans, R.E., D.A. Wrubleski, & L.G. Goldsborough. Changes in the Emergent

Plant Community of Netley-Libau Marsh between 1979 and 2001. Winnipeg, MB: Delta Marsh Field Station
(University of Manitoba) Occasional Publication No. 4, 2004. p. 13. Available online at
<www.gov.mb.ca/waterstewardship/iwmp/netley/documentation/netley_libau_marsh_report.pdf>.

Have students write a summary paragraph describing how they think the
changes to the Netley-Libau area will affect Lake Winnipeg,.

Assessment

Assessment for Learning: Collect responses to questions and provide feedback,
go through the answers to the questions as a class, or have students peer-
review answers to questions.

Assessment of Learning: Have students submit completed maps and summary
paragraphs, and assess responses according to clarity and use of the literature
to justify any claims.
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BLM 2-5-2

SUMMARY

We nsed aenal photography combined with field
observations to develop a detailed aquatic vegetation
map for Netley-Libau Marsh in south-central
Manitoba. This reportdescribes the creation of a new
peographically accurate map (georeterenced for use
i a Geographic Infommation Systemn - GIS), based
on aenal photos taken i 2001, and construction of
adetailed vegetation map for evaluating the changing,
state of Netley-Libau Marsh. This prowides a basis
for comparison with a 1979 vegetation map enabling
a quantitabive assessment of changes in the marsh
over a 22-year period.

Compansons between 1979 and 2001 reveal
severa sigmificant changes in Netey-Libau Marsh.
Loss of cmergent vegetation and the crosion of
separating uplands between adjomung water bodies
has been extensive, resulting in the amalgamaton
-:LTILI E_{l]ﬁllﬁi{}ll {:Ir TIIH.'II}" IJlHISII I]H}':i' H.Tll ]H}IILIE_
Cucrently, half of the entire marsh (13,125 ha, 51%)
1s open water, compared to 35% (8,884 ha) in 1979,
Cattail (Typba spp.) continues to be the dominant
emergent plant in the marsh, showing httle change
between surveys. However, hard- and soft-stem
bulrush (Seboengdlectns spp.) have declined ten-fold in
abundance, from 3,247 ha {13%) to 317 ha (1%). The
muixed over bulrush and sedge cormnmumty, along
with the wet meadow commuruties, have also decined
in abundance. Plant commumities at droier sites,
however, have remained celatively unchanged.

Reasons for the observed changes in the marsh
are not well known or understood, but change 15 not
a recent development. Maps of the marsh trom the
19205 1o the present show a pattemn of increasing
openwaterareaand loss of upland and island habitats,
These changes are hkely related to a number of
factors, but the influence of Lake Winnipeg and the
Red River are likely the most impaortant.

Lake Winmpeg dictates water levels withan Nedey
Libau Marsh, Since the droughts of the 1930z and
1940z, water levels on Lake Winmpeg and the marsh
have included few interverung drv penods. Without

extended dry peneds, to penodically allow the

germination of new emergent vegetation, there has
beena slow butconsistentloss of emergent vegetaion
i the marsh. As this vegetationas lost, the protection
that 1t provides for the soft sediments that make up
island and upland habitats 15 also lost, and these
habitats are slowly being washed away, The current
management of Lake Winmpeg for hydroelectne
praduction works to prevent low water levels on the
lake and the marsh.

The Red River passes through Netley-Libau©Marsh
and 1t has likely contnbuted to some of the cbserved
changes. High flow events on the nver resultin the
erosion and collapse of weak points in the levees that
border the aver and other channels. Netley Cur,
which was ongmnally deedged in 1913, has been
gradually eroded to a pomt where 1t now carnes a
substantial portion of the Red Kiver flow into Netley
.[Jllil"_ T}ll‘f tfllll {Ji—ll'lﬂlg].Tq-_" o1 1' | [ Rﬂl R'l Vel 'ill '1';";";'
has also likely contnbuted to the alteration of Red
Ruiver flows throuph the marsh. High nutnent loads
in the Red Fiver, along with the arrval of common
carp, may be contnbuting to enhanced algal growth
and loss of submersed vepetation within the marsh.
Loss of submersed vegetation results in the
destabilizaton of bottom sediments and mcreased
wind induced waveacton, which further helps erode
island and upland habatats.

Without an ability to manage marsh water levels
independently of Lake Winnipeg, only a prolonged
drought will help restore the emergent plant
cormmurities of Metley-Libau Marsh. Dry condibons
expenenced in 2003 helped re-establish some of the
emergent plant communities of the marsh, but the
recentreturn towet conditions may make this reversal
shortlived,

Wr.' -:'nr:l(‘ll.ldr.‘ Ikl:’lt N!'tl{'}r IJ—!'T:/II.I j\'{:ll—!l] r(':r.‘-r:rﬂ'l]l:";
a shallow turbid lake more than a healthy coastal
welland. Any benefits o Lake Winmmpey which the
marsh could provide as wildlife and fisheries habatat,
and 1 removing and stonng nutnents that would
otherwise enrich the lake, have probably been
degraded or last.

Source: Grosshans, R. E., D. A. Wrubleski, & L. G. Goldsborough. Changes in the Emergent Plant Community of Netley-Libau
Marsh between 1979 and 2001. Winnipeg, Canada: Delta Marsh Field Station (University of Manitoba) Occasional Publication No.4,
2004. Available online at <www.gov.mb.ca/waterstewardship/iwmp/netley/documentation/netley_libau_marsh_report.pdf>.
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BLM 2-5-3

Student Handout: Changes at Netley-Libau Marsh Worksheet

1. Why are wetlands often considered to be the kidneys of Earth?

2. What techniques did the researchers of this study use to develop
their hypothesis?

3. How does/can the Netley-Libau marsh contribute to a healthier
Lake Winnipeg?

4. How has Netley-Libau marsh changed over the past 30 years?

(continued)




BLM 2-5-3 (continued)

5. What are some of the factors contributing to the loss of emergent
vegetation in the Netley-Libau marsh?

6. What can the changes in plant types teach us about Netley-Libau
marsh? What do you think are the larger ecosystem implications of
these changes in plant species?

7. What steps do you think government, scientists, and citizens
should be taking to help deal with the unhealthiness plaguing the
Netley-Libau marsh?




BLM 2-5-4

Sample Answers to the Changes at Netley Libau Marsh
Worksheet:

1.

Why are wetlands often considered to be the kidneys of Earth?

Wetlands function as a natural filter, removing nutrients and
contaminants and acting to prevent flood waters from soaking up runoff.

What techniques did the researchers of this study use to develop their
hypothesis?

Field studies combined with aerial photography.

How does/can the Netley-Libau marsh contribute to a healthier Lake
Winnipeg?

The Netley-Libau marsh provides an enormous service to the over 100
species of birds that breed and call the marsh home, helping to maintain
the biodiversity of the region. The marsh acts as a filter for nutrients
entering the lake. This is especially important as the Red River enters the
lake here and is contributing over 80 percent of its nutrients, even though
it only contributes 20 percent of the flow.

How has Netley-Libau marsh changed over the past 30 years?

There has been significant erosion, increased open water, and changes in
particular plant species.

What are some of the factors contributing to the loss of emergent vegetation
in the Netley-Libau marsh?

There are a number of reasons why the plant species at the Netley-Libau
marsh have changed.

Isostatic rebound, resulting in increased water levels in the south
basin

Manitoba Hydro’s Lake Winnipeg Regulation: the water is regulated
within a four foot level; however, this has resulted in fewer low water
cycles

Invasive species: carp (which destroy plants by pulling them out,
resulting in vegetation loss and thus more turbidity and a decrease
in water quality) and purple loosestrife (which chokes out endemic
plant species)

Increased Flooding: Flooding along the Red River has increased,
which results in more water entering the marsh (higher water levels/
less dry periods) and erosion, resulting in plant loss

(continued)




BLM 2-5-4 (continued)

6. What can the changes in plant types teach us about Netley-Libau marsh?
What do you think are the larger ecosystem implications of these changes in
plant species?

Decreased genetic diversity among plant species

Increased nutrients entering the lake, resulting in eutrophication
Increased contaminants/toxins entering the lake, affecting the animal
and fish populations/food chains and habitat health

7. What steps do you think government, scientists, and citizens should be
taking to help deal with the unhealthiness plaguing the Netley-Libau
marsh?

Increased funding for scientists/researchers into problems and
plausible solutions for the Netley-Libau marsh

Increased public education on the benefits of wetlands

Increased public education



Student Table

BLM 2-5-5

Changes in the Netley-Libau Marsh, 1979-2001

Indictor

1E)7/€)

2001

Decline/Increase in %
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Manitoba, 2001

Netley-Libau Marsh,

Source: Grosshans, R. E., D. A. Wrubleski, & L. G. Goldsborough. Changes in the Emergent Plant Community of Netley-Libau Marsh
between 1979 and 2001. Winnipeg, Canada: Delta Marsh Field Station (University of Manitoba) Occasional Publication No. 4, 2004.
p. 7. Available online at <www.gov.mb.ca/waterstewardship/iwmp/netley/documentation/netley_libau_marsh_report.pdf>.
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http://www.gov.mb.ca/waterstewardship/iwmp/netley/documentation/netley_libau_marsh_report.pdf

BLM 2-5-6 (continued)

Grosshans of al

Table 1. Interpretation key of vegetation
from Grosshans ef af (2005).

Vegetation change 1 Netley-Libau Marsh

signatures for colour infrared acnal photographs modified

Vepetanon Zone  Colour

Texture

Location/ Comments

Open water Blue /black

White to green,/white

Sand (beaches, Whte, usually quite

T — .
expased) hright

Mudtlat Winte to blue/whate,
te preeny black

Bulrush Dark deep red, bnek

{Fehaenatletae red to dark navy, 1o
brosrny red

Caven] Tinksl Y PO R 1

Catral (Tipdal Medium to deep red

Pink to dars pink

Giant reed grass

{Phragmvites)

Sedges and mushes  Dark ved to dadke

{Cares, Eleacharis,  pink
Jroecnes)
Whiterop White, to pale Tight

{Feodaching fedrneaea) pink to preen

(shallow water)

Smooth, nppled in some

areas from wave action

Smooth, fat appearance

Mavy/greeny black and
white patches

Blurry appearance and
patchy; open water patches

(‘Ill{.‘ I IJ:lr:—To{!l'I B5%

L.
el

I R o Sy
ol o Fra

iy pock
AEN

marked appearince (rom

apen water, and inter-

ruxed patches of deadfall

Grainy to lumpy, shadows
along edges mves depth to
these patches appeanng
almost three-dimensional
on photos, and much
lugher than sureounding

ArCAs W r}l SIeTOOS O PFT['F

Appears flatter on photos,
doe: not have three-
dimensional appearance as
cattal daes; with

srerde }F".'.T'I-FN' a ['II‘.'t'Fl r= "Fll

Fine mottled appearance,
white or green patches from
open Water areas

Very dark and distinct

Shallow water or reflections off
water will olten appear white to

green/white

Mostly devoud of '."l:'gﬂ:a.ilull,

s0 appears bnght white

Found bordenng water,
disturbed arcas

Found i water, alomr water’s
edge, or deeper water areas;
sparse patches appear as
shadowed areas on open walter

B
L Iing T

apen
water to low water-lilled areas;

|
ki

il ke
manly bao
alser bonders whitetop, gant
reod prass as well as sedpes/

rushes

Found bordenng water, upland
areas, cattail and whitetop: often
a thin ang of cattal betwesn
gmant reeds and water; also
borders sedges and nushes,

grasses, prasses with forbs.

Usually eecurs avound /near
whitetop areas, as well as
cattal and fen grasses; also
barders reed canary prass,
grasses, and farbs; found in

wet, wate rl ngé_‘(‘{] il st L}

Often found bordenng cattail,
wet meadows, and gant reed
patches; also borders fen grasses,
sedges /rushes, and prasses

Source: Grosshans, R. E., D. A. Wrubleski, & L. G. Goldsborough. Changes in the Emergent Plant Community of Netley-Libau Marsh
between 1979 and 2001. Winnipeg, Canada: Delta Marsh Field Station (University of Manitoba) Occasional Publication No. 4, 2004.
p. 9-11. Available online at <www.gov.mb.ca/waterstewardship/iwmp/netley/documentation/netley_libau_marsh_report.pdf>.
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Table 1, Confinued

Willows

Rewd canary
grass

Sale flat speces
(I ordesams,
Pruccinellia)

Oirasses
= 75% cover)

Grazses and [orbs
< 50% foch
cover)

Praune [> 3%
fork cover)

[Haved grasses
and forbs

Grazed (prune
and shrubs)

Burpundy. maroon

to dark red

Lark pink to browny
red, a darker pink

than Whatetop

Cream, brown to

browny red

Light pink, light

brown, to cream

Pink, light brown,

gray and crearmn

Medium pink to
dark pink

White light green, to

light pink

Drark pink, crear,

brown and gray

Lumpy, gravelly, dotted
patches

Gramny lumpy appearance,
to simoath

Flar smooth texturee, low

Hat appearance with use of

sterenscopes

Flat smoath texture, often
meare light pink to cream
and not as patchy as
GirassesToibs

Flat smooth texture,
olien patchy and moxed
hight pink, brown, gray to
creamn

Smooth to grany

Lined, pinstaped, and
parchy: can see haybales as
large dots if already cut;
hayed, Fallen dead prasses
and forbs appear white to

light preen

Smooth texture, patchy
maxed dark pink, cream,
brown and gray

Uplands, dikes, along nver
channels; borders and surpounds
sedge patches

Usually ocaurs between whitetop
and grasses/forb areas; also
ocours next to cattail and gant
reed; 15 a wet meadow grass,
tound where soils are most to
wet

Oceurs all over, but usually
assocated with mudtlats, whate-
top, sedpes /rishes and fen
prasses; occurs in prass/forb
areas as well

Lew prairie areas found
bordenng wet meadows of
whitetop, reed canary grass and
s::dg:s;"mahcs; shghily monste:
areas than grass forbs

Low pramne areas near wet
meadows of whitetop, len
prasses and sedges /rushes;
transition to upland areas of

praine grasses; presence of forbs
cause mixed patches of browns

and grays

Upland areas, borders grasses
and fodbs, woodlands,
cultivated fields and hayficlds

Low praise areas which are
hayed; often inrermixed with
grasses, forbs, as well as

prane; borders wet meadows
and low praine areas alike: many
sedpe,/rush meadows are hayed
as well

Olecur near and intermxed with
woodlands while hnrdering

cultivated areas and hayfields;
patchy cream eolors and browns

from grazing

(continued)




Cultivated

Trees [trees

and shrubs)

Drsturbed

Tabled 1. Continued

White, yellow,
brown, pray, beige,

vellow-green, red
tor punk: quite vanahle

Burpundy, maran
to dadk red

Browny gray, gray
to white; light green

Lined, pinstuped, patchy
or smaooth to grainy; can
see rows of crops

Lumpy, patchy, gravelly
with shadows; cauliflower
appearance; tall, three-
dimensional appearance
with stereoscope

Smooth to grainy
appearance; freshly
dizturbed bare soils and
deadfall appear white o

light green

Human dismrbance is very
distinct; found upland on higher

ground

High upland areas, borders nexe
to praicie, grass/ forbs, and
cultivated felds; willewr bluffe
appear as smaller, lumpy, dotted
areas sucrounding small cattail

and fen grass marshes

Drsturbed areas very distinct;
usually found in grass /focb
areas, of rear trees

(continued)



BLM 2-5-6 (continued)

Source: Grosshans, R. E., D. A. Wrubleski, & L. G. Goldsborough. Changes in the Emergent Plant Community of Netley-Libau

Marsh between 1979 and 2001. Winnipeg, Canada: Delta Marsh Field Station (University of Manitoba) Occasional Publication
No. 4, 2004. p. 14. Available online at

<www.gov.mb.ca/waterstewardship/iwmp/netley/documentation/netley_libau_marsh_report.pdf>.
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BLM 2-5-6 (continued)
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Source: Grosshans, R. E., D. A. Wrubleski, & L. G. Goldsborough. Changes in the Emergent Plant Community of Netley-Libau

Marsh between 1979 and 2001. Winnipeg, Canada: Delta Marsh Field Station (University of Manitoba) Occasional Publication
No. 4, 2004. p. 15. Available online at

<www.gov.mb.ca/waterstewardship/iwmp/netley/documentation/netley_libau_marsh_report.pdf>.
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