LESSON 10: SALMONID

NATURAL HISTORY

ESSENTIAL QUESTION:

What combination of factors both natural and manmade
is necessary for healthy river restoration and how does
this enhance the sustainability of natural and human
communities?

GUIDING QUESTION:

How does biological evolution account for the diversity and distribution of salmonid
species?

OVERVIEW:

This lesson focuses on some of the natural history and stochastic events that have
influenced the current distributions of salmonid fish in western North America. The

. relatedness of salmonid species and some of the events of the past, of which the ice age
is the most important, can be examined using phylogenetic trees. This information can
then be used to determine how the phylogenetic tree branched as it did. Genetic

N isolation, the founder effect, genetic drift, and stochasticity have all played a role in the
diversification of the various species, subspecies, stocks, and runs of salmonids in
western North America.

TIME:

One class period

MATERIALS:

Lesson 10- Salmonid Natural History.pptx
Lesson 10a- Salmonid Natural History.pdf
Speciation Articles.pdf

Reflection Journal Pages (Printable handout)
Vocabulary Notes (Printable Handout)

PROCEDURE

1. Review Essential Question; introduce Guiding Question.

2. Students should take a few minutes to respond to the first reflection prompts.
Discuss their answers and any questions they’ve generated.

3. Hand out the Vocabulary Notes. With this lesson you may want to define the words
before presenting the PowerPoint Lesson.
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4. Present the PowerPoint Lesson

5. Read Speciation Articles on Lake Crescent Trout, Olympic Mudminnow, Olympic
Marmot

6. Run Genetic Drift and Natural Selection Online Simulations
http://darwin.eeb.uconn.edu/simulations/drift.html

7. Hand out the second Reflection Journal Page. Give students time for a final
reflection the lesson.

ASSESSMENTS:

WASHINGTON STATE STANDARDS

SCIENCE

1. EALR 4: 6-8 LS3A The scientific theory of evolution underlies the study of
biology and explains both the diversity of life on Earh and similarities of all
organisms at the chemical, cellular, and molecular level. Evolution is supported
by multiple forms of scientific evidence.

a. Explain and provide evidence of how biological evolution accounts for the
diversity of species on Earth today.

2. EALR 4: 6-8 LS3E Adaptations are physical or behavioral changes that are
inherited and enhance the ability of an organism to survive and reproduce in a
particular environment.

a. Give an example of a plant or animal adaptation that would confer a
survival and reproductive advantage during a given environmental
change.

3. EALR 4: 6-8 LS2D Ecosystems are continuously changing. Causes of these
changes include nonliving factors such as the amount of light, range of
temperatures, and availability of water, as well as living factors such as the
disappearance of different species through disease, predation, habitat
destruction and overuse of resources or the introduction of new species.

a. Predict what may happen to an ecosystem if nonliving factors change
(e.g., the amount of light, range of temperatures, or availability of water
or habitat), or if one or more populations are removed from or added to
the ecosystem.

READING
1. EALR 1: The student understands and uses different skills and strategies to read.
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http://darwin.eeb.uconn.edu/simulations/drift.html

a. Component 1.2 Use vocabulary (word meaning) strategies to
comprehend text.

SOCIAL STUDIES

1. EALR 5: The student understands and applies reasoning skills to conduct
research, deliberate, form, and evaluate positions through the processes of
reading, writing, and communicating.

a. Component 5.2: Uses inquiry-based research.

WRITING
1. EALR 2: The student writes in a variety of forms for different audiences and
purposes.

a. Component 2.1: Adapts writing for a variety of audiences.

ADDITIONAL RESOURCES AND ENRICHMENT:

http://waynesword.palomar.edu/Ilmexer6.htm

http://darwin.eeb.uconn.edu/simulations /drift.html

|CONTAINS A GREAT ANALOGY BETWEEN SALMON AND COWS:
http://www.coastrange.org/salmon&survivalpg2.html

| FOR STRUGGLING LEARNERS:
http://www.goldseal.ca/kids/homepage.asp
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VOCABULARY TERMS:

¢ Anadromous- A fish that is born in freshwater, migrates to the ocean to spend its
adult life, and returns to freshwater to spawn.

e Stochastic Event- A random event that can dramatically alter population sizes,
selection mechanisms, and genetic isolation. Stochastic events can range from
landslides isolating fish populations, droughts and forest fires eliminating habitat
and isolating organisms in pockets or available habitat, or hurricanes that randomly
kill individuals regardless of their genetic fitness.

¢ Phylogenetic Tree- A diagram showing the genetic relationships of biological
organisms based on when new species or subspecies differentiated. Historically,
they were built using the evaluation of changes in morphology. However, today DNA
sequencing is used to evaluate changes in the genetic code.

¢ Pluvial Lake- A lake that formed when rainfall inputs were significantly higher than
- evaporate rates. Often these refer to ancient lakes when climates were different,
such as the ice age. An example is Ancient Lake Bonneville, now dried up to become
the Great Salt Lake.

¢ Pro-glacial Lake- A lake that forms either behind an ice dam formed by a glacier or
from the meltwater of a glacier that is dammed by the terminal moraine. An
example is Glacial Lake Missoula, where an ice dam blocked the flow of the Clark
Fork River in Montana.

e Genetic Isolation: The absence of genetic exchange between populations or species
as a result of geographic separation or of mechanisms that prevent reproduction.

e Genetic Drift- The random changes in genetic variation related to small isolated
populations suffering from stochastic events not necessarily related to fitness or
natural selection.

e Founder Effect- The loss of genetic variation caused by the colonization of a new
area by a small population. The limited gene pool means that future offspring can
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Basin is one of the largest endorheic basins in the world. Lakes and ponds are often

Endorheic basin- A depression that water drains into, but has no outlet. The Great
small scale endorheic basins.

only carry the characteristics of the founders, and may have significantly different

characteristics than the species as a whole.
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Elwha River Restoration
Salmonid Natural History
Reflection Journal 1

Why do you think there is such diversity in the different salmonid species?

What questions do you have about the different species of salmonid?
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Elwha River Restoration
Salmonid Natural History
Vocabulary Notes

Anadromous:

Stochastic Event:

Phylogenetic Tree:

Pluvial Lake:

Pro-glacial Lake:

Genetic Isolation:

Genetic Drift:

Founder Effect:

Endorheic basin:
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Elwha River Restoration
Salmonid Natural History
Reflection Journal 2

How does biological evolution account for the diversity and distribution of salmonid
species?

What questions do you have about the biological evolution of the salmonids?
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Speciation via Isolation:
The Lake Crescent Trout

Set in the north of Olympic National Park in Washington State, Lake Crescent is a
large lake covering more than 5,000 acres and exceeding 600 feet in depth. Lake
Crescent occupies a valley where a river once drained through current Lake Sutherland
and into the Elwha River. Approximately 9,000 years ago a great landslide dammed
that outlet, raising the level of the lake. Sea run steelhead and cutthroat trout that once
used this river to access the ocean were trapped in the rising lake. A new outlet formed
at the Lyre River, however, a
waterfall prevents the trout
from gaining access to the Strait
of Juan de Fuca. The Lake
Crescent population of
steelhead and cutthroat trout
became isolated from other
populations of trout on the Olympic Peninsula and have changed genetically (due to
mutations and natural selection) over time to become two unique variants, the
Beardslee trout (Oncorhynchus mykiss irideus var. beardsleei which arose from the
steelhead trout) and the Crescenti cutthroat trout (Oncorhynchus clarki var. crescenti
that arose from coastal cutthroat trout).

Distinguishing between the two was not easy even when they were both

> abundant, up until the early years of the 20th century. Identification today is
considerably more difficult. Between 1920 and 1975, stocks of several other varieties
of rainbow trout and cutthroat trout were introduced into Lake Crescent. During the
: 1970s, it was possible to catch trout of almost all shapes, sizes and colors without being
certain that any individual was either the native rainbow or cutthroat. People
wondered whether the native species of fish remained intact genetically.

However, research carried out in the early 1980s by Bryan Pierce of the
Colorado State University demonstrated that both species of wild trout have survived in
the lake genetically intact. In fact, the Beardslee trout shows a remarkable genetic
uniqueness far greater than would be expect through only 9,000 years of isolation. No
further stocking of non-native fish is being carried out, and as anglers remove the
remaining stock of introduced fish, Lake Crescent might yet revert to the days when it
had just its two forms of wild trout.

These two very close species coexisted without interbreeding. The two have
quite different ecologies in the lake. The cutthroats spawn before the Beardslee trout
and in a different place: the Beardslee spawn in the Lyre River, the out-flowing stream
of the lake, while most of the Crescenti breed in the inflowing Barnes Creek. Some
degree of competition was further avoided by the young cutthroats remaining in their
natal streams for the first two years of life, while the Beardslee trout fry enter the lake
immediately after leaving the gravel nest. However, both of the Lake Crescent trout
feed on the same food sources: small insects in the stream gravel as juveniles, and then
on a diet of fish (notably, the kokanee, a form of landlocked sockeye salmon), which
results in fast growth rates.
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A Relict Species:

The Olympic Mudminnow
(Novumbra hubbsi)

The Olympic Mudminnow is one of five species worldwide in the family
Umbridae and is the only member of the genus NOVUMBRA. Three other species are
found in eastern North America and one in Europe. Olympic mudminnows are found
only in the southern and western lowlands of the Olympic Peninsula and the Chehalis
River drainage. They are usually found in slow-moving streams, wetlands and ponds.
Within these habitats, mudminnows require a muddy bottom, little or no water flow
and abundant aquatic
vegetation.

Olympic Mudminnows
are an example of a relic
species. Arelic speciesis a
species that once occupied a
large area. However, when
changes in the environment
eliminated some populations of
the species, or much of their
habitat became unavailable,
the remaining population(s) became isolated in what little habitat remained. Itis
hypothesized that mudminnows may have occurred across much of North America.
However, when the glaciers covered the continent during the last ice age, most of the
habitat was destroyed. The Mudminnows were only able to find suitable habitat right
along the ocean where rivers remained ice free. This explains why the Olympic
Mudminnow’s closest relative lives as far away as on the East Coast.

Little is known about what can cause mortality (death) in Mudminnow
populations. However, they are less abundant when associated with both native and
exotic species of fish. It is not known whether this is a result of competition or
predation, but some combination is likely. Mudminnows eat various invertebrates.

The loss of wetlands in Washington since settlement is estimated to range from
20 to 50 percent. In one part of the Mudminnow's range, an estimated 55 percent of
wetlands have been destroyed. Nearly 90 percent of the Mudminnow populations
monitored in this study seem to be stable. However, Mudminnows are completely
dependent on healthy wetland habitat for their survival. Because of this, and because of
the Olympic Mudminnow's very restricted home-range in addition to the continuing
loss of wetlands, they are vulnerable and will likely become threatened or endangered.
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Speciation via Isolation:
The Olympic Marmot
(Marmota olympus)

The Olympic Marmot is a species of marmot unique to the Olympic Mountains.
Two species of marmot live throughout the mountains of western North America; the
hoary marmot (Marmota caligata) and the yellow-bellied marmot (Marmota
flaviventris). Marmots are the largest of the ground squirrels and generally feed on
vegetation in alpine
meadows. During or prior
to the ice ages, hoary
marmots arrived on the
Olympic peninsula. They
likely migrated from other
mountainous areas during
the ice age, when even
lowland areas resembled
alpine/tundra habitats.
When the climate warmed,
and the forests returned to
fill the lowlands, the hoary
marmots found themselves
isolated on the high peaks of
the Olympic Mountains with no genetic connection to the nearest hoary marmot
populations in the Cascade Mountains, some 100 miles east. Over time, this genetic
isolation lead to divergence via the founder effect, genetic drift, mutation, and natural
selection, and eventually, the Olympic marmot became a unique species.

A similar thing happened to the critically endangered Vancouver Island marmot
(Marmota vancouverensis). Vancouver Island was connected to the British Columbia
mainland when sea levels were lower. As the oceans rose, it became isolated on all sides
by water and they too diverged in isolation to become a new species.

The Olympic marmot is unique among all of the world’s marmots in having
colonies of one male and two females. Each female breeds every other year. Thus, only
one female per colony will have a litter each year. Each colony also includes the one-
year old young from the previous year. It is speculated that this behavioral adaptation
arose due to the limited number of alpine meadows present in the Olympic Mountains
and the inability for young to disperse long distances. Thus, in order to prevent over-
population, only one female per season will breed.
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http://www.marmotburrow.ucla.edu/hoary.html
http://www.marmotburrow.ucla.edu/ybelly.html
http://www.marmotburrow.ucla.edu/ybelly.html
http://www.marmotburrow.ucla.edu/vanc.html

