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rophytes grow in arcas where light reaches
the lake bottom. Macrophytes support dif-
ferent animal life than do phytoplankton.

The next trophic levels are made up of
tiny or even microscopic floating or some-
wha 0bile animals called zooplankton.
These are the first level of consumers in
the Great Lakes. These antmals have a
great variety of 15 with unique life
he most numerous type of ZOOp-
lankton found in the Great Lakes are pro-
tozoans {(microscopic one-celled antmals
su as amoebae and paramecia}. Other
common types include rotifers, cladocer-
ans (water fleas such as Daphnia), which
are numerous in the summer months, and
copepods (such as Cyelops).

cycles.

Zooplankton abundance varies through-
out the spring, summer and fall. Their
numbers are influenced by foed availabil-
ity, which in turn is affected by such things
as an early spring, winds, seasonal mixing
of water layers, upwellings, and produc-
tivity of the water.

Another trophic

level consists of

macroinvertebrates

(larger animals

lacking backbones).

Different types live in

p arcas and shallow

[ the Grear Lakes.

‘e is dominated by two

unique small animals: Diporeia spp.,

which is an amphipod or “sideswimmer”

(sometimes mistakenly called a freshwater

shrimp) and opossum shrimp, Mysis oculata

reficta. Some zooplankton such as opossum

shrimp migrate dozens of meters {many

thousands of times their body length)

vertically, up and down in the water daily.

Their movements are affecred by light

levels, scason, temperature, and mating

behaviars. These organisms move nutrients

and encergy between shallow and deep

regions of the lakes. Also found in deep

waters are olipochaetes (freshwater worms)
and chironomids (larvae of midges).

The small animals found in shallow, pro-
tected waters of the Great Lakes are simi-
lar to those found in cold, inland lakes—
leeches, clams, zebra mussels, snails, and
larvac of mayflics, dragonflies and
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caddistlies. The average d
sity of these small benthi
animals, some of which
are burrowing and oth-
ers associated with veg-
ctation, may reach hun-
dreds of animals per
square meter.  Some ar-
cus of the Great Lakes may
be even more productive
with tens of thousands of s1
animals per square meter.

Zooplankton and macroinvertebrates pro-
vide the basis for fishes at the next trophic
levels in Great Lakes ccosystems. Some
fishes, such as alewife, various shiners and
lake herring, feed mainly on zooplankton
and are called planktivorous (plankton-
cating) fishes. The alewife and other
planktivorous fishes have specialized struc-
tures, catled gill rakers, which sift out foad
as warer passes over their gills.

Generally, the juveniles of large or
medium-sized Grear Lakes fishes, such
as salmon, lake rrout and yellow
perch, feed mainly on zooplanketon
and macroinvertebrates until they grow
large enough to eat smal, young-of-the-
year fish. Fishes that cat other fish are
called piscivorous.

Small fishes that provide food for larger fish
are called forage fishes. Forage fish include
bloaters, lake herring, sculpins, shiners,
alewife, gizzard shad, rainbow smelt and
juveniles of other species.

Consumers of Great Lakes fishes include
amphibians (such as mudpuppics}, birds
{such as bald eagles, herons, osprey,
cormorants, mergansers and loons) and
mammals (such as mink, river ottesrs, and
of course, humans}. It is unportant ro
remember that the chain does not end
with these consumers. As all organisms
die, wherher they are the larger animals
ar the microscopic plankton, decomposers
such as bacteria and fungi begin their
work. As they feed on dead material
(detritus), organic matcrials are broken
down and nutrients then again become
available to rhe producers (plants) at the
start of the food chain. Some of rhese
organisms are found in the sediment at
the bortom of the lakes, even in deep
regions. For example, Diporeia spp. and

ochaectes burrow into
:diments and feed on
detritus. Other small
organisims, such as rotiters,
feed in midwater on the
detrital rain, rhe dead
algac and zooplankron
that sink down from
upper layers of water.
hese decomposers and
ivores play
rote 1 e Great Lakes

important
y recyeling
nutrients, they allow ceven deep areas of
the Great Lakes to be productive and to
support life.

Each link in Great Lakes food chains
strongly influences other links. For
example, zooplankton may play a role in
timiting the standing  crop  of
phytoplankton. Fish can affect thasize
species composition of zooplarkton by
visnally searching out and eating Iz =r
plankton. In turn, the size of 20 lankten
and forage fishes earen can influence the
predator’s growth rates. When -he non-
native atewife arrived in the Greatr Lakes,
its effects were felr both up and down the
food chain.

The lakes can support only a finite amount
of life. This carrying capacity and the
overall productivity of an arca within a lake
are determined by a varicty of factors acting
collectively. At cach trophic level, some
energy is used by rhe organisms for growth,
reproduction or movement, and some
energy is lost in the form of heat

Many organisms in the Great |akes feed
on more than one type of foo  in fac,
some can readily switch food types if a
regular food supply is depleted. 7 s
complex ecology of the Great Lakes is
shown by a food web. Pelagic food webs
have their basis of producrivity from
floating algae, whereas |

are hased on energy prc

by macrophyres. Likew

benthic food webs ard

based on energy and

nutrient flow from

organisms thar make

use of the detritus

floating down from

above and sctrling int

the sediments.









ity for fisheries management, wotking
with U.S. federal agencies. However, be-
cause the Grear Lakes are situared on an
international border, stare and tribal agen-
cies must manage the resource as partners
with provincial government agencies and
the stakeholders of Ontario as well as the
national government of Canada. Because
of this complexity, both in the biological
and in the human systems in the Great
Lakes region, the potential for conflict is
as is the opportunity to cooperate
to solve complicated fisheries issucs.

great

Fisheries management today involves all
of the region’s fisheries stukcholders. To
apply the most current scientific
information to decision-making, Great
Lakes scientists, fisheries managers and
representatives of many organizations
come together through two commissions—
the Great Lukes Fishery Commission and
the International Joint Commission—as
well as through many professional societics
such as the American Fisheries Society, the
Society of Environmental Toxicology and
Chemistry, and the International
Assoctation for Great Lakes Rescarch. Sea
Grant College Programs throughourt the
Great Lakes states also provide a network
for managers, rescarch scientists and
stakeholders to be involved directly in
fisheries management,

Many organizations are partners with
fisheries managers in making decisions
about Great Lakes fisheries. Tribal fishers
belong to individual tribes that have
organized management agencies including
the Great Lakes Indian Fish and Wildlife
Commission {GLIFWC), the Chippewa

Fish Production and Resource Allocation

keholders
:ductjon Al
1ew biomass of F Users
sinagiven Rel
1 given time
ological
values

Ottawa Resource Authority (CORA) and
the Anishinabek/Ontario Fisheries
Resource Center (AJOFRC). These groups
take part and lead efforts in fisheries
resource planning, habitat improvement,
law enforcement, and stocking. State and
provincial licensed commercial fishermen
also have organizarions, as Jdo charter
fishing operators. Comumercial and tribal
fishers and charter operators help collect
data and keep records about tish resources
1O assist resource management agencics.

Sport anglers have provided information to
assist Grear Lakes fisheries managers for a
long time. Concerns about declining fish
populations and citizen interest in Great
Lakes fisheries fed to the formation of a
variety of fishing and conservation
organizations. Examples of national
organizations include Trout Unlimited and
B.A.S5.5. (Bass Anglers’ Sportsmen’s
Society). Regional, provincial and state
groups also focus on the fisheries; these
include the Greatr Lakes Sport Fishing
Council, the Ontario Federarion of Anglers
and  Hunters, Michigan United
Conscrvation Clubs and many ochers
throughout the region. Interest groups
focused on commercial and tribal fisherics
also exist. Today, all of these organizations
cooperate with {isheries agencies in resource
management activities such as artificial reef
and habitat improvement projects, in
hatchery and pen-rearing projects and in
raising funds to sponsor fisheries research
and conservation. Some also assist
management agencies by volunteering their
time for fisherics rescarch, collecting dara
or responding to surveys.

At the narional level, many resource man-
agement and environmental agencies col-
laborate with each other and with states
to accomplish fisheries goals. Several
branches of the National Oceuanic and
Atmospheric Administration (NOAA)
arc involved. The Great Lakes Environ-
mental Research Laboratory is a part of
NOAA. The Environmental Protection
Agency, the U.S. Fish and Wildlife Ser-
vice, Environment Canada, and the Ca-
nadian Department of Fisheries and
Oceans are all active in research and de-
cision-making regarding the Greart Lakes.

Funding for fisheries management comes
from several sources. About one-third of the
funds comes from sportfishing licenses,
while about half is from governmental
general funds from states, the Province of
Ontario, and the U.S. and Canada.
Another portion of funding comes from
federal excise taxes on fishing equipment
and taxes on motorboar gasoline. In the
U.S,, these excise taxes are collected under
the Federal Aid in Sport Fish Restoration
Program (through what is commonly called
the Wallop-Breaux Trust Fund and what was
known as the Dingell-Johnson Act). More
than $51 nillion {(one-fifth of the U.S.
total) of Wallop-Breaux revenues was
retwned ro Great Lakes states in 2001 for
their fisheries management programs.
Alrogether, tens of millions of dollars are
spent on Great Lakes fisheries management
cach year. Hundreds of millions of dollars
arc also spent cach year on managing the
enrire Great Lakes basin for issues such as
water Gualiey that benefit fisheries directly
or indirectly.
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In the lare 1700s, the demand for fur in
Europe helped to strengthen the (ur trade.
This, in tum, necessitated carly commercial
fishing to feed the traders and settlers. The
Northwest Fur Company dominated the
west end of Lake Superior, particularly the
Chequamegon (Wisconsin) area in the
1780s to 1790s. The company fished the
north side of Isle Royale to feed people ar
its trading stations in western Lake Superior.
Also in the 1790s, a hook and linc
commercial fishery developed ont Lake Erie
(near Presque Isle, Pennsylvania). Lictle is
known about the earliest commetcial fishing
cnterprises.

Before the 1800s, Great Lakes fish
populations were thought to be unlimired
and inexhaustible. But all of the changes
brought by the new sertlers set the stage
for dramatic and rapid changes in fisheries
in the next era.

Changing Times: Era of
Exploitation and Degradation

(About 1800 to 1870s)
Social Changes

Increasing numbers of sertlers bepan
arriving in the Grear Lakes region and the
northeast LJ.S. and Canada from1800 to
the 1840s. The tremendous population
growth in the region would have serious
implications for environmental qualiry
and fish populations.

The first large commercial fishery on Lake
Huron was established around Fort
Michilimackinac by 1800 and was an
important element of the continuing fur
trade. John Jacob Astor, along with the
former Northwest Fur Company,
incorporated the famous Amcerican Fur
Company in 1808. After the War of 1812,
the British agreed to withdraw to
Canadian territory, and the upper Great
Lakes were fully open to American fur
traders. After the war, some of the {irst
widespread commercial fisheries in the
Great Lakes were established on Lake
Erie, near the Maumee River and on the
Detroit River. Commercial fishing was
well established on the Canadian side of
the lakes by the 1820s and 1830s. These
commercial fisheries served eastern cities
growing larger with immigrants. [n 1826,

the first shipments of salred whirefish and
lake rrour lefr Derroir for castern markets.

Afrer 1834, Mackinac Island was reduced
in starus as a fur rrading station, and the
American Fur Company made its
headquarters in western Lake Superior.
The company buile two schooners to carry
furs to be sold in Saule Ste. Marie. The
hoatmen no longer needed for rowing the
fur-carrying craft were employed as
{ishecrmen. Fishing stations were
established throughout the western basin
of Lake Superior. Men fished wich
handmade twine nets from wooden boats
propelled by oars or sail. Orhers were
cmployed at the fishing stations to clean,
salt and pack the fish and o make the
barrels in which fish were shipped ta
growing markets in the Ohio River Valley.
The Hudson's Bay Company likewise
employed men at fishing stations. Thus
began large-scale, organized commercial
fishing in the Great Lakes.

After the financial Panic of 1837, a
depression put an end o the fishing
business of the American Fur Company.
By this time, the demand for furs in
Ewrope had dropped dramatically. The
company splic up, and fishing continued
on a smaller scale for a while.

Throughout this period, rreaties were
established between the native peoples and
the new governments in the region.
Another effore at land cession was made

by the United Stazes in the early 1800s to
help the government through economic
hard times. Although the Native
Americans lost their land base through the
negotiation of these treadies, fishing and
hunting rights in the region were retained.
Speciticatly, the results of this social change
allowed Nartive Americans to retain their
tights to fish in the waters of the Great
Lakes ceded under the rreaties. Thus, tribes
were established as sovereign narions,
managing their own governance systems
and resources.

Several rreaties still govern tribal fishing
in the U.S. portion of the Great Lakes re-
gion and its warers. {(In addition, Canada
protects tribal fishing rights on the Great
Lakes today under the Canadian Consti-
tution Act of 1982.) The Treaty of 1836,
or the Orrawa-Chippewa Treaty, ceded to
the United States one of the largest tracts
of land in the Great Lakes region in the
arca that was to become Michigan. Under
the Treaey of 1842, the Red Clift, Bad
River, and Keweenaw Bands of Ojibwa ex-
ercised their treaty-fishing vights in Lake
Superior. By the end of this era, most of
the Native American land in the region
had been ceded and reservations were be-
ing established.

Iron ore was discovered in upper Michi-
pan in 1844, and waves of immigrants ar-
rived to work in the iron and copper mines
of the upper Grear Lakes region. Rapid

#: LIFE /% LAKES 21





















Era of New Invaders,
New Challenges

(1920s to 1950s)

Social Changes

During the 1920s and even into the 1930s,
a new way of looking at the Great Lakes
took greater form. The tourism business
boomed. Visitors flocked to shoreline
resorts, even to remote areas of the lakes
such as Isle Royale, and the wealthy
developed their own lakefront retreats.
Visitors of all types dined on Great Lakes
fishes. Charter fishing became more
common during the 1920s when
commercial fishermen took recreational
anglers fishing for lake trout.

Meanwhile, the commercial and subsistence
tribal fishery continued. In 1924, U.S.
citizenship was granted to Native
Americans. In 1930, a court case in
Michigan declared that Native Americans
had no special fishing or hunting rights
under state regulations. At this point,
Native Americans did not challenge this
coutt decision, and they had to buy state
commercial fishing licenses.

In 1929, the U.S. stock market crashed,
and many fish wholesalers went out of
business. In 1939, Canada entered WWII
and, by 1942, the U.S. was at war. Fishing
was again declared an essential service,
and commercial fishermen were exempt
from the draft. By 1945, the war was over,
but the world had changed. Global
markets were opening, and sportfishing
began to rise again.

Technological Changes

During the 1920s and 1930s, the fishing
fleet in the Great Lakes began converting
todiesel engines. These were less bulky and
used less fuel and labor to operate. The
older steam fishing tugs had required a crew
of seven—a captain, an engineer and five
fishermen. Diesel boats, however, did not
need an engineer and needed only half as
many laborers. Also at this time, the first
steel-hulled Great Lakes fishing boats
began to replace wooden hulled boats.

In the 1920s, the bull net was still in use;
peak bull net use and increasing gill net use

in Canadian waters of Lake Erie occurred
in the mid-1920s. In the 1920s, a new
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version of the trap net appeared on Lake
Huron. Called a “deep trap net,” it was set
in greater depths and on a variety of bottom
types. It could be handled more easily than
previous pound nets and was used to catch
lake whitefish in their deep summer
habitats. It was introduced on Lake Huron
in 1928; over the next two years,
fishermen scrambled to convert to the
new gear. Catches of lake whitefish
doubled, then lake whitefish began
disappearing from the northern grounds
of Lake Huron. Gill and pound netters
protested the new gear. Governments
began investigating this issue in 1931. In
1934, the conflict among the various
fishermen had escalated, and southern
fishermen drove out the encroaching
northern deep trap netters trying to fish
their southern waters. This net was
banned in U.S. waters by the mid-1930s
(it had never been used in Canada);
eventually, its use was governed by size
and depth restrictions. This story is one
that had already occurred on the lakes and
would repeat itself: the story of conflict
among fisheries user groups and of the
crusade by some users to protect the
resource upon which they all depended.

An important change in net technology
began when nylon was invented in 1935.
Nylon was lighter, did not absorb water,
and decayed more slowly than cotton and
linen net materials. Nylon nets could be
left in the water longer, were easier to
handle, and were nearly invisible to the
fish. By the 1950s, nearly all of the gill
nets in the Great Lakes were replaced
with nylon, and within 10 years so were
the pound and trap nets. In addition,
around WWII, the old-style wooden
floats, or “corks,” which fishermen had
carved from cedar, were replaced with
plastic or aluminum floats that allowed
fishing in deeper water.

Other semi-modern advances were made
in these few decades. In the 1930s,
refrigerated trucks transported fish to
markets. In 1935, radar was invented, but
would make its way into the lakes
gradually. In the 1940s, fishermen began
to use sonar (depth finders) and radios.

Fisheries science made important
advances, too. The collapse of the lake

herring fishery in Lake Erie by 1925

prompted large-scale studies on Great
Lakes ecology. One study sponsored by
Ohio examined the effects of pollution in
Lake Erie. A 1927 study by the U.S.
Bureau of Commercial Fisheries was the
beginning of federal fisheries research on
the Great Lakes. This study examined the
limnology (the chemistry, plankton and
benthos) of Lake Erie. A third study on
Lake Michigan was conducted by the U.S.
government, the states of Michigan and
Wisconsin and four net manufacturers.
This study examined gill net size and
effects on harvest of chubs while avoiding
unintentional catches of small lake trout.

In the 1940s, a better understanding of the
factors influencing fish production led
fisheries managers to use a philosophy of
Maximum Sustainable Yield (MSY). The
philosophy requires understanding fish
reproductive and growth requirements in
relation to the productive capacity or
biomass that the fish habitat will support.
In theory, managers can use this knowledge
to create quotas or regulations that result
in the maximum harvest yield that can be
maintained without causing declines in fish
populations or health.

Environmental Changes

Cultural eutrophication became a major
force of environmental change during this
era. Trends of decline in water quality
continued and spread to the upper Great
Lakes. The effects of these changes were
compounded by the second major type of
environmental change that would happen
during this time—the increasing invasion
of exotic marine species such as alewife,
sea lamprey and smelt. These were the
newest characters in the drama of the life

of the lakes.

The alewife and sea lamprey had made
their way from Lake Ontario into the other
lakes through the Welland Canal and/or
Erie Canal. Neither the alewife nor the sea
lamprey became very well established in
Lake Erie, probably due to poor water
quality in its tributaries and because this
lake has many areas that are warmer than
these species prefer for part of their life
cycles. The sea lamprey moved into the
upper lakes slightly ahead of the alewife;
both species first moved into lakes Huron
and Michigan, then into Lake Superior.















time. Further gains in pollution control
and reduction of nonpoint source
pollution will be more difficult and will
come at a greater cost.

Changes in the Great Lakes Fisheries

The changes in water quality and in the
supply of invertebrate benthic fish foods
due to eutrophication were felt in the fish
populations of lakes Erie and Ontario.
Warming, the lack of oxygen at the lake
bottom in summer months, and the lack
of burrowing mayflies and other benthic
foods were particularly serious in the
central basin of Lake Erie. By the late
1950s, these conditions led to the collapse
of lake whitefish in Lake Erie. Walleye
had also lost their important summer
habitar, and commercial catches of this
fish in Lake Erie declined by 1969 because
of habitat loss and overfishing.

Another problem—stunting or slow
growth—of yellow perch occurred in
Green Bay and Saginaw Bay, partly due
to the lack of large predators to remove
enough perch so that the remaining perch
could grow. Also, burrowing mayflics (a
food source for yellow perch) were absent,
probably due to contaminants and/or low
oxygen in the lake sediments.

Throughout the lakes, the decline of lake
trout finally reached catastrophic levels. In
Lake Ontario, the lake trout catch in 1964
dropped to less than 1,000 pounds (454
kilograms). Even in Lake Superior, the lake
trout declined dramatically in the 1960s.
The effects of predation by the sea lamprey
and intensive fishing pressure with nylon
gill nets were too much for populations to
withstand. The only fishes left to support
the Great Lakes commercial fishery by the
1960s were smelt, yellow perch and
bloaters. White perch, an exotic that
arrived in the 1950s, supported a small
fishery in the Bay of Quinte on Lake
Ontario.

In summary, by the 1960s, the total effect
of human population growth and
technological changes had forever changed
the Great Lakes fisheries. Many of these
changes had occutred over a long time. In
fact, some had their roots in the earliest
technological changes at the beginning of

settlement and commercial fishing in the
area. Social, technological (including
overfishing), and environmental changes
{such as modification of drainage basins
due to forest cutting and settlement,
invasions by marine and other exotic
species, and cultural eutrophication) had
profound impacts. Great Lakes fisheries
changed in two major ways:

* native species were replaced with exotic
species such as smelt and alewives, thus
altering the forage base for the larger
fish in the lakes; and

® a general, widespread decline of lake
whitefish and of large predators such as
lake trout, walleye, and burbot
occurred, and formerly relatively stable
fish populations changed; lakes Ontario
and Erie and deepwater regions of lakes
Superior, Huron and Michigan showed
the greatest changes.

These changes in the fisheries demanded
three types of drastic action. Pollution
control, sea lamprey control, and new
directions for fisheries management were
initiated throughout the region.

1) Pollution control:

New water quality standards established in
the 1970s went a long way toward
controlling the factors that had so altered
fish habitats in the Great Lakes. The
governments of Canada and the United
States signed the first Great Lakes Water
Quality Agreement in 1972. Under this
agreement, each government agreed to
reduce the inputs of phosphorus, which
had caused cultural eutrophication in the
lakes. The International Joint Commission
(1JC) was charged with overseeing progress
in thisarea. In the United States, pollution
control and cleanup were carried out by
several states in conjunction with the
Environmental Protection Agency (EPA)
according to the Federal Clean Water Act.
New wastewater treatment plants were
constructed, and phosphates in detergents
were reduced or banned. In Canada, the
Province of Ontario’s Ministry of the
Environment joined forces with
Environment Canada and many other
governmental agencies to implement the
agreement. Starting in 1987, under the

leadership of the I[JC, the United States
and Canada identified areas of the Great
Lakes basin severely affected by pollution.
Each of these 43 Areas of Concern (A0oCs)
has a Remedial Action Plan (RAP)
process, which takes a comprehensive
approach to restoring the area’s “beneficial
uses,” such as fishing and swimming. These
RAPs allow many different agencies,
communities and individuals to work
together to solve serious water quality
problems within the AoCs. Combined,
these measures resulted in greatly improved
water quality in the Great Lakes and in
additional agreements to limit other
pollutants in the basin.

2) Sea lamprey control and
resulting changes in fisheries
management in the basin:

The second set of drastic actions in the
basin was spurred by the losses of fisheries
due to the sea lamprey. In 1955, in one of
the most important developments in
Great Lakes fisheries management, the
Great Lakes Fishery Commission (GLFC)
was formed as a result of an international
convention between the United States
and Canada. The GLFC was established

for two reasons:

* to coordinate and facilitate fisheries
research programs, which would help
in the sustained productivity of fishes,
particularly the native lake trout; and

® to develop a program to eradicate or
minimize sea lamprey in the lakes.

Over time, the GLFC has become an
“umbrella organization” for collaborative
fisheries management in the region
through its system of technical and lake
committees involving a wide array of
scientists, managers and stakeholders.
The GLFC provides a forum through
which state and tribal agencies having
jurisdictional authority over the fisheries
can achieve consensus on management
issues. The GLFC Strategic Plan is a
document guiding these agencies, as well
as the national level agencies and
organizations concerned with fisheries
issues in the region.
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Efforts by the U.S. Fish and Wildlifc
Service and the GLFC on sea lamprey
research soon began to pay off. Srare,
provincial and federal governments began
cooperating on research; the establishment
of the GLFC allowed fisheries managers
to enter into a new cra of international,
broad-scale management. Several years of
extremely intensive research led to the
discovery in 1957 of the chemical
lampricide called TFM. This lampricide
works effectively to eliminate rhe larval sea
tamprey that live in sediments in Great
Lakes tributarics, while minimizing impacts
on other life in the streams and rivers. By
the 1960s and 1970s, many Grear Lakes
triburarics had been treated successfully
with TEM. The sea lamprey problem had
come under cantrol to some degree.

3) New directions in fisheries
management

A third set of drastic actions further
influenced the direction that Great Lakes
fisheries were to take in the modern cra.
New fisheries management goals were
needed to address the current situation of
low native fish pepulations, new forage
fishes {(some of which

namely alewives—
were dying on beaches) and changing
market demands. In 1966, the Michigan
Department of Natural Resources
{(MDNR) began to take bold steps in

changing the course of fisheries
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management toward a primary goal of
establishing recreational fisheries. Over the
next few years, the MDNR:

* prohibited the commerci  harvest of
lake trour and walleye in certain

Michigan waters;

¢ regulared the commercial fishing efforr
by designating fishing zones and depths,
hanned gill nets for many stare-licensed
fishermen, limired the number of
licensed commercial fishermen, and
established carch and effort quotas;

shifted the commercial fishery to the
species less valued by sport anglers;

¢ decided to use the low value, smaller-
sized fishes as a forage (food) base for
desired sport fish;

¢ introduced Pacific salmon {(coho
salmon in 1966 and Chinook salmon
in 1967) and built harcheries ro
continue these stocking efforts.

Similar changes were soon made
throughout the region. For example, the
New  York State Department  of
Environmental Conservation also reduced
commercial fishing through such programs
as its “buy-out” of Lake Erie fishermen.

This shift in basic philosophy benefived
millions of Great Lakes residents by giving
them a chance to experience the Grear

Lakes through recreational fishirg. This
change also reflected a change in fisheries
management philosophy from Moximum
Sustainable Yield (MSY) to Optimum
Sustainable Yield (OSY). Optimum
Susrainable Yield blends biological,
ceological, social, economic and political
information and values in developing
unique management goals for various
fisherics ro produce the oprimum {maost
tavorable or acceprable) benefits ro
saciety from fish srocks.

There was much discussion and controversy
throughout the region as these sweeping
changes were made. The Province of Ontario
Jid not agree with this basic philosophy of

inrroducing exorics (the Pacific s on) o
manage other exotics (alewife ane  ele) in

the Great Lakes. Instead, Canadian Great
Lakes fisheries management goals -argeted
native fishes such as take our and their
habitats. Some states shared those goals,

eventually, to one extent or another, other
Grear Lakes states and rhe Province of
Ontario began stocking Pacific salmon.

Michigan Department of Natwr - esources
orders restricting commercial fisheries quickly
put some commercial fishermen out of
business. But this was an enterprise
diminishing in the Great Lakes region due
todeclines in lake trout and other coldwarer
species. The loss of small-scale family fishing
in the region can be compared to the loss of
small family farms. Family members
converted to other entemprises and left 2
Grear Lakes fishery and their mraditions
hehind. Fewer young people took up the
traditional skills and lifeways of their parents.
A few families were permitted to camy on
their fishing activities in certain are1s of the
Great Lakes, including urban arcas, under
fisheries assessiment programs established by
resource management agencies. These
fishermen continued their tradition of
stewardship for fisheries by coliec g«

growth and reproductive dara  + help
agencies with management decision-mak 1.
Owver rime, however, aging fishermen have
left the fishery, and agencies have issued fewer
commercial fishing licenses. Ir e
declines, the remaining fishing operations are
cconomically viable, and commercial fishing
remains imporrant in the Great Lakes region.















Environmental quality issues continue in the
Great Lakes basin. Wetlands and coasts
continue to be affected by development.
Extending the winter navigation season, as
proposed in the Great Lakes, may cause ice
movements which would damage fish habitats
along coasts. Providing structures that allow
fish passage around hydroelectric dams on
Great Lakes tributaries is also an issue.

In the year 2000, the 1985 Consent Order
for treaty fishing in Michigan waters (under
the 1836 Treaty) expired. Fishing rights held
in treaties might be compared with modern-
day property rights, where an owner might
sell the land but retain certain rights such
as an easement. Each treaty has its own
language in respect to the relationships
between the tribes, state and federal
governments, the public and the fisheries
resources. No two are alike, and, in the
United States, many court cases have been
heard on state and federal levels to interpret
these treaties. Where treaty rights are
affirmed, tribes regulate licensing, biological
management, and law enforcement over the
tribal fishery. However, state and federal
agencies remain responsible for biological
management of the fisheries resources, such
that they are not destroyed beyond repair.
Therefore it must often be determined how
to jointly manage and allocate the fishery
between tribal and state fishers.

Tribal biologists on tribal (individual bands)
and intertribal levels (CORA, GLIFWC)
take responsibility for managing tribal fishers
and the fishery resource itself. Tribal
management authorities set regulations that
establish license/permit requirements,
fishing seasons, and harvest limits. Tribal
biologists conduct Great Lakes fisheries
research, such as annual fish stock
assessments and surveys, monitoring tribal
harvests, and mapping fish spawning
habitat. Tribal fish hatcheries rear fish such
as walleye, lake trout, and coaster brook
trout for stocking in the Great Lakes.

Today, tribes manage and share information
regarding the fishery inter-tribally through
authorities such as GLIFWC and CORA,
much the same way as the United States
organizes fisheries management work
through USFWS and state agencies. As
equal fishery management partners, the

tribal management authorities also
cooperate with state, federal, and
international fisheries management efforts,
including participation on GLFC. Yet,
sharing the Great Lakes fisheries resource
has not been without its conflicts.

The 2000 Consent Degree is a 20-year pact;
two of its keys are to eliminate tribal/state
zones and to build a mutually beneficial
agreement based on joint, science-based
management of the fishery. The agreement
focuses on allocation, management and
regulation of state and tribal fisheries in the
waters covered by the 1836 Treaty. More
importantly, those participating in the
agreement have committed to the
rehabilitation of lake trout in lakes
Michigan and Huron and to work
cooperatively to resolve issues or conflicts
utilizing the best available science,
emphasizing communication between the
tribes, state, and federal agencies.

The agreement features an allocation of
fish species in treaty-ceded waters, with
the tribes focusing their fishing effort on
whitefish, while state-regulated anglers
continue to focus on traditional sport
species. Harvest of species such as lake
trout that are of both sport and
commercial interest are to be split 50-50.
Just as importantly, the agreement
addresses the issues of gear and social
conflict by designating specific areas,
seasons, equipment, and allocations of fish
in ways that maximize benefits for tribal
commercial and sport anglers sharing the
Great Lakes Fishery resource. Many tribal
commercial fishing operations converted
from using over 14 million feet of gill net
to using trap nets or impoundment gear.
Trap nets allow the tribes to maintain or
expand their commercial fishing for
whitefish while reducing incidental
harvest pressure on lake trout and other
sport fish. Under this agreement, the state
also manages the sport harvest of fish such
as lake trout primarily through size limits.

Tribal, state, and federal biologists have
jointly created lake trout and whitefish
population models. Based on these
biological models, the Technical Fisheries

Committee (TFC) established by the
2000 Consent Degree can predict

population changes due to things such as
fishing, and will determine biologically
safe harvest levels and set gear and harvest
limits accordingly. Many believe this joint
management and harvest is critical for
conserving fisheries resources, particularly
toward achieving lake trout rehabilitation
in the Great Lakes. The goal of this
agreement is that, through joint
management and resource conservation,
fishing opportunities for all user groups
will be enhanced.

In recent years, state and federal agencies
and the tribes have worked together to
conduct strategic planning for fisheries
which broadens agency and citizen roles
in management. Specifically, the Great
Lakes Fishery Commission (GLFC)
sponsors dialogue among researchers,
managers and stakeholders. Lake
committees for each of the Great Lakes are
composed of diverse members. In addition,
each committee establishes specific task
groups to consider particular species,
habitat or ecosystem issues. The lake
committees use the input of their task
groups to set fish community goals and
objectives and environmental objectives
for each lake. In addition, in 1980, the
Great Lakes Fishery Commission and all
fisheries management agencies within the
basin completed the Joint Serategic Plan for
Management of Great Lakes Fisheries. This
plan articulates a common vision for Great
Lakes fisheries and provides strategies being
implemented to work toward that vision.
This plan has been revisited and revised
throughout the 1990s, and continues to
guide interjurisdictional and bi-national
fisheries management in the region. State
and federal agencies and tribal fisheries
organizations then use this guidance to
develop their own strategic plans and their
tactical and operational plans with input
from stakeholders.

In the future, state, provincial and federal
agencies and tribal organizations will have
an even greater need to work together and
with citizens in formulating and carrying
out a common vision for the Great Lakes

fisheries and the “Life of the Lakes.”
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of protected populations. Because these
fish are long-lived, they can also
bivaccumulate conraminants. Protecting
juvenile lake sturgeon, susceptible to
chemicals used to kill sea lamprey, may
create conflicts and challenges toward
other management efforts, such as lake
trout rehabilitation.

Coaster brook trout, a lake run strain of
the brook trout specics, is another native
that has been o focus of rehabilitation
efforts. Primarily found in Lake Superior
waters, native strains of coaster brook
trout are being protected and genetic
stocks identified, Researchers have
identified several remnant stocks and are
implementing a rehabilitation plan rhat
involves hatchery rearing for stocking,
tightened regulations, and habitut
improvements. The U.S. Fish and
Wildlite Service, state agencies, tribes, as
well as national and stare-level user
groups, are investing in a rehabilitation
effort thar focuses on historically
important srream and river systems that
are hest suited for improving coaster brook
trout populations. Enhancing coaster
brook trout may mecan rightening
regulations and adjusting stocking or
management strategies in ways thar may
conflict with management or use of other
Great Lakes species.

Fish Diseases and Health

Rescarch and technology are allowing
scientists ro berter understand diseases
and fish health issues of the Great Lakes
fishery. Furure challenges will include new
diseases and health issues that arisc
through exotic introductions and other
pathways. Yet the largest challenge may
be correcting fishery health issues within
the contexts of the larger ecosystemn. Far
example, biologisrs now heteer understand
BKD (Bacterial Kidney Disease) and its
effects on salmon. They understand that
overpopulation of predarors and poor
health due to an inadequate forage base
may be relared to increased epidemies of
BKD. The challenge is then to better
understand forage stocks and manage
predator stacking in relation to natural
reproduction ro create a healthy mix of
s and prey.

An additional challenge is that the answer
to one fishery health issue might be the
cause of another problem. For example,
managing for healthy salmon might
Jdepend on healthy stocks of alewives.
However, current research indicates thart
alewives are very high in thiaminase (an
enzyme that destroys thinmine); cthe result
may be increased carly mortalities for
young lake trout, which lack important
thiamine in their system due to their
mothers” alewife consumption. Scientists
predict thar more alewives in the Great
Lakes means that lake trour depend more
on alewives for food, possibly increasing
mortality of young lake trout. Managers
worry thatr managing for salmon might
inhibit lake trout rehabilitation effores,
yet both species ure imporrant within the
Great Lakes ecosystem and to the fishery.

Contaminants

Pollution and conraminant foadings into
the Great Lakes have been curbed, bur
some contaminunts remain trapped in
sediments or accumulated throughourt the
food web. Manuaging fish habitar will
involve dealing with these existing
contaminants.

Beyond impacts on the fishery, contaminants
in the Grear Lakes pose human health
concerns. [n addirion, some may continue

tu voice concern for the quality of the
fishery und struggle to understand how
contaminants might affect human health
through fish consumption. Altematively,
Great Lakes fish provide many health
benefits, and much can be done to
understand and greatly reduce the
contaminant risks associated with cating fish.
Weighing the relative risks and benefits is
an important future challenge.

Habitat

Managers recognize the important
relationships of nearshore, riverine, and
wetland hahitats with healthy Grear
Lakes fishery communitics. These areas
provide crirical spawning habitat and
nursery areas for juvenile fish. Managers
now recognize that these habitats can
vield an abunduant and sustainable
production of fish—without the costs and
management of hatcheries! Great Lakes
tributaries are estimated to yicld nearly
30 percenr of the salmon production in
the Greatr Lakes. Native fish such as
walleye, perch, pike, suckers and sturgeon
also depend on river systems, wetlands,
and nearshore habitats for successful
reproduction. From an ecosystem
management perspective, understanding,
protecting, enhancing and increasing
access to spawning and nursery areas will
be tmportant for fish production and
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Management on a larger, ecosystem scale
will be a great challenge facing the Great
Lakes fishery. Advances in research, im-
proved rechnology, and new fisheries man-
agement tools may help managers under-
stand and manage the complexities of a
Great Lakes ecosystem. However, coordi-
nated, collaborative and shared or joint
management will continue to be one of the
most imporrant barriers facing rhe future
of fisheries managenient in the Great
Lakes. Basin-wide management will re-
quire the collecrive efforts of universities
and agencices, researchers, managers and
decision makers of states, provinees, fed-
eral governments and tribes in two differ-
ent countrics—a challenge that speaks to
enhancing and better realizing vision and
goals of existing organizarions such as the
Great Lakes Fishery Commission,

Yet management of the Grear Lakes
fishery is not just the role or responsibility
of agencics or managers: it also includes

the vested inrerest and participation of

Great Lakes user groups.

User Groups in Great
Lakes Fisheries
Management

Today, managers recognize that managing
fisheries roward Optimum Sustained Yicld

(OSY) may he unrealistic in the sense of

atempring ro measure, quaneify and halance
Mmanagetment strategics 1o maximize fishery
benefits (ccological, economic and
suciological) for cach of the many
diverse stakcholders. However, this OSY
philosophy remains in pracrice, as managers
work to gather sociological and cconomic
data from diverse stakcholders and integrate
this information with biological and
ceological factors. Management goals and
outcomes still reflect artitudes roward
managing diverse aquatic resources for
diverse stakeholder values and vses and
diverse fishery bencfits. A management
philosophy thar speaks to diverse and
multiple values and uses demands thar
state-, provincial-, and tribal sport, charcer
and commercial interests all be included and
involved in management processes and
decis 15, Cooperation and coordination
among researchers, managers, and deciston-
makers will he essential. In addicion, user

groups and the general public will need o
take more responsibility for their actions
roward the fisheries resource, involving
themselves in the management process.

Diverse groups and organizations exist today,
focusing on interests relaced to salmon and
steelhead, trourand trout habitat, bass, pike,
muskellunge, walleye and more. Many of
these groups invest resources and energy in
advocating for increased or decreased
regulation or management attention toward
specific species. Also involved are
professional associarions that speak for
charter and commercial fishing interests.
The tribes also invest considerable resources
speaking for and procecting the interests of
tribal fishers whether they are sporr,
subsistence or commercial.

Public involvement in the processes of
Great Lakes fishery management will be
crirical in the future. Many agencies
recognize the value of having an educated
citizenry involved in fisheries decision-
making processes. For example, the
Michigan Department of Natural
Resources has arganized citizen advisory
teams for each of the Great Lakes bordering
the stare. The agency shares biological
information and management oprions with
these advisory groups, and the advisory
groups learn, discuss, and creare
recommendations for the agency on whar
management options are hest for rhe
fisherics and the publics who use them.
Wisconsin hosts a similar process, allowing
public and organizational representatives
to vote on issues and praposals sent forth
by user groups. The results of rhis voring
process help guide the management
decisions of Wisconsin agencies.

Citizen involvement opporrunitics
also exist on lakewide, regional, and hi-
national levels. The states surrounding
Lake Michigan have jointly hosted several
lakewide and interstare meetings on
management issues such as yellow perch
declines and salmonid stocking. The Great
Lakes Fishery Commission, on a bi-
national level, is primarily suired to
cross-bord communication  uand
cooperation; advisory commirttees for
each like involve the public and user
groups represenring sport, charter, and
commercial communities.

In recent years, most Great Lakes states have
reported declines in fishing license sales, and
national sport fishing surveys suggest similar
declining trends. The ULS. Fish and Wildlife
Service reports a 28 percent decline in the
number of anglers fishing U.S. waters of the
Great Lakes since 1991, Canadian officials
note similar angler declines in Canadian
Great Lakes waters. Yetr demands on
fisheries management cfforts conrinue to
increase to meert the challenges of ccosystem
or basin wide management, as well as the
demands of a more diverse ser of fishery user
groups. Because fishing license dollars and
taxes on fishing equipment in farge part fund
fisheries management personnel, programs
and activities, the decline in angler numbers
and license sales presents a furure challenge.
Fisheries managers and interest groups raise
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an increasingly important question: Who
will pay for fisheries management activities
if angler participation, and revenue
generated from this participation, continues
to decline?

For example, in the United States a
significant portion of fisheries management
funds come directly from fishery user groups.
In 2001, Great Lakes anglers in the United
States spent nearly $128 million purchasing
fishing licenses, tags, and permits. This
money is dedicated by state agencies for
fisheries management activities. That same
year, the federal Sportfish Restoration Fund
(money collected through excise sales taxes
on fishing gear and equipment) allocated
over $51 million to Great Lakes state
agencies. These two funding sources,
generated by those who use the fishery
resource, combine to form the primary
funding foundation for Great Lakes
management activities in the U.S. Public
support may also help generate funding
support for other programs, such as sea
lamprey control, from other budget
resources within the state, provincial, or
federal government.

Developing exact figures about use of the
fishery resource, relating sport and
commercial harvest to management
decisions, is difficult. Managers must
measure or estimate how many sport anglers
or commercial fishing licenses exist and how
many people are using the fishery. These
measurements are not always done on a
regular basis, or they may not always be
accurate or complete. Complicating matters
is the fact that not all sport anglers or
commercial fishers may fish for the same
amount of time, target the same species or
areas of the lakes, or make the same
decisions about how they utilize the resource
(for example, harvest or catch-and-release).
The challenge then is developing
management decisions that are based on
scientific estimates of effort and harvest by
sport and commercial fishers.

More precise, timely information,
measurements and predictions regarding
recruitment, retention, and involvement
of those who utilize the fishery resource
could help to improve opportunities and
management of fishery resources.
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Increasing efforts toward recruiting and
retaining anglers will become a more
important issue in the years to come. Many
education efforts are underway throughout
the region to introduce, educate, and
involve new anglers in the Great Lakes
fishery. While some fear that too many
anglers will increase pressure on the fishery,
possibly leading to conflict, angler
participation is a necessary element of the
fishery. Without angler investment in the
resource, financing fisheries management
activities will become a challenge. Even
more important, the public interest and
involvement in conservation of a healthy,
usable fishery resource could be lost.

Amid the complexity of the Great Lakes
ecosystem, stakeholder expectations and
involvement, and agency structures and
objectives, change will always occur. Yet,
some of the life of the lakes is amazingly
resilient. Great Lakes fisheries will
continue to serve as indicators of the
system’s health and quality. Because people
value the fisheries, they have become
much more involved in fisheries and
environmental issues. In the future, state,
provincial and federal agencies will have
an even greater need to work together and
with citizens in formulating and carrying
out a common vision for the Great Lakes
fisheries and the life of the lakes.

How You Can Help Great Lakes
Fisheries in the Future

Become informed! Read fisheries-related
information. Contact science-based
organizations, such as your state Sea Grant
program or the Great Lakes Fishery
Commission. Support university research
about water quality and fisheries
management.

Contact an agency responsible for managing
and regulating the fishery, such as the U.S.
Fisheries and Wildlife Service. Keep track
of legislative issues and stay in touch with
your state and national legislators.

Become a member of an organization and
encourage that group to take a balanced
approach to fisheries issues. Join
organization and agency mailing lists.

Visit fisheries-related locations, where
commercial fishing is still active and where
sport fishing is popular. Visit historical
museurns with fisheries displays and events.
Attend events that celebrate Great Lakes
fisheries and water quality!

Take part in activities to improve fisheries
habitat. Participate in clean-up projects,
stream improvement projects or other
activities. Protect coastal wetlands
(important fisheries habitats) or participate
in land-based habitat projects (e.g.,
streambank stabilization efforts or reducing
fertilizer/herbicide use) to help prevent
unhealthy runoff into our Great Lakes
waters. Join efforts in the Great Lakes to
help clean up an Area of Concern or
become involved in the Lakewide
Management Plans.

Be an informed consumer. Learn about how
to minimize your intake of contaminants
by properly preparing fish. Ask questions
about various contaminants, and think
critically about news stories you read.

Take everyday actions to protect water
quality and healthy fisheries: we are
connected to the Great Lakes through
watersheds. Choose, use and dispose of
home and garden chemical products wisely.
Dispose of used motor oil and other
hazardous wastes properly. Learn about the
impacts of exotic aquatic nuisance species
and how you can help prevent their
introduction or spread.

Promote fishing ethics. Learn more about
fish species, fish biology and ecology, and
fisheries management. Teach someone how

to fish.

Share your understanding of fisheries with
others—in classrooms, youth clubs, local
civic organizations.

Learn about the history and culture of treaty,
commercial and sport fishing. Read stories,
learn traditional skills and crafts (e.g., net
making, knots, fish decoy carving);
interview older community members about
fishing or preparing fish; learn arts related
to fisheries (e.g., Great Lakes songs).



Glossary

abiotic: (AY-BYE-ah-tick} nonliving.

adaptive management: a style of decision making
allowing fisherics manugement decisions ta be
flexible to the unknowns of a constantly changing
Great Lakes environment.

algae: (AL-gee) simple, photosynthetic plants that lack
true To0ts, stems, or leaves,

algal blooms: large growths of algae in a body of water.

anadromous: (a-NAD-ra-muss) fish that migrate up
river ra spawn, but live in lakes (or oceans) as adults,

aphotic zone: deepest portion of o lake where Jiglht
energy cannot penetrate. Alsocalled the profundal zone,

aguaculture: che cultivation of aguaric plants or anioals.

Areas of Concern (AOC): severely pollured accas of
the Grear Lakes that have been designuted by the
International Joinr Commission for clean-up offort
upon recommendation by state/provingial officials.

bilkast water: warer held in a hoat or large vessel o
help balance it.

benthic: refers to animals and plants that live in oron
the bottom of & lake or sea.

bicaccumulation: the build-up of a substance ina plinyt
or in an animal’s hody.

biomagnification: the process by which concentrations
of contaminang in plants and in animals are increased
along a food chain: organisms (c.g., consumers)
higher trophic levels have higher concentrations.

biomass: the total mass of all Tiving things inu given area.
biotics living.

careying capavity: the maximum number of individuals
of a species that can be supported in a given area or
hahitat over an extended period of time.

common property resource: a resource awned not by
v als but by the general public and managed by
the government on the public’s behalf.

conumunity: an interacting group of different planes
and animals.

competition: an interaction hetween rwo or more
individuals or species that require the same limired
resource to survive; this interaction can he harmful to
one or more of the vrganisms.,

consumer: organisms that cat other organisms or plants
tor nourishment.

contaminant: achemical substance that is not naturally
found in the environment, usually made by humans.

coregonines: (kor-ch-GO-neens) lake whitefish and
ir refatives inchading herring and deepwarer ciscoes
{chubs).

DDT: chemical conraminant, used as an insecticide,
that can build up in living organisms and cause healrh

problems. Banned by the ULS. and Canadain 1972,

detrital rain: dead algac and zooplankion char sink
Jown ro lower levels from upper hayers of warer.

detritivores: (deh-TRY-ti-vore) small animals that feed
on decomposing matter and organic debris.

detritus: {(d-TRY-rus) organic material that is cither
waste material froman organism or decomposing plants
and animals.

diatoms: {DY-sh-toms) single-celled plants wich hard
“shiells” of silica.

downrigger: wweighted device that allows a lure to be
trolled at a given depth,

ceology: the seudy of (the interrelationships between
organists and their environment.

ceosystem: all the animals, plants and environmental
factors that interact within wsystem; the living and
nonliving parts of the environment thar interact.

ceosystem management: the holistic understanding
and manipulation of the Grear Lakes fisheries in
relation 1o their inceractions and inwerrelationships
within the entire Grea Lakes ecosystem.

epilimnion: (EP-ah-LIM-nice-on) the warmer, buoyant
top layer of warer in alake during summer stratification.

exotic: not navive; not originally found in thae area,
and usnadly brought in by humans, cicher by accident
OF 0N pUrPose.

cutrophic: (you- TROF-ick) a warer by that is rich
in nutrients and has high productivity-often taebid,
with algal blooms and periodic decreases in dissolved
U.\'chn.

cutrophication: {yoo-TROF-i-KAY-shun) the process
through which waters hecome cutrophic.

fishery: the complex interactions between fish
popularion(s) being used, the humans using it, and
the environment of cach.

fisheries management: the manipulation of peaple,
aquatic populations, andfor habitats in an effort to
ubtain the goals desired tor thar aquarie population or
ceosystem by its buman members.

fisheries science: the scientific study of aquaric (water-
related) living resources of the world; the study of the
structure, the dynamics (or changes), the interacrions
of hahitat, the aguatic organisms, and humans in onder
to achieve the goals set for rhat resource by humans.

fish passage: fish ladders or other mechanisms intended
o allow tish to navigate around dams in order to move
up and down rivers or waterways.

fish production: the amount of new bioniass of a given
fish species in o given area over a piven perind of time.

food chains the chain of organisms which feed, inturn,
on each other and through which energy is passed on
[rom one organism to another.

food web: a set of food chuins intersecting o
overlapping cach orher,

forage fishes: small fishes thatare preyed upon by larger
tishess i.e. hloaters, lake herring, sculpins, alewife, smelr,
and the juveniles of larger fish.

fry: newly-hatched young fish,
habitat: an urca that provides life requirements such

as appropriate food, water, shelter and space for a
particular organism.

hypolimnion: (hi-po-LIM-nee-an) colder, denser wazer
located at the bottom of a lake during summer
stratification.

landed value: price paid to fishers for fish prior to
processing, wholesaling or retailing.

limnetic zones area of a lake where licht can penetrate.
Also called the photic one.

limnology/limnotogist: {lim-NOL-ah-gee) the study
offperson who studies freshwarter hodiesfecosystems
(ponds, lakes and streams) and the relationships
between their inhabitanes and their environment.

littoral: (LIT-uh-rahl} the ares near the shore tha is
shallow enough for light to be able to penctrae the water,
reach the lake botrom and allow rooted plants to grow.

macroinvertebrates: a small animal, able to be seen
with the naked eye, that does not have a backbone.

macrophytes: large, rooted aquatic plants thar grow
in arcas where light reaches the lake bortom.

Maximum Sustainable Yield (MSY): to produce the
greatest number of pounds of fish over a given time
with a given level of fishing effort; this is done by
determining the requirements of fish and the
productivity of the environment.

mesh size: the size of the open spaces between the
cords of a net.

mesotrophic: iowater hely that has amoderate aunount
of nutrients und moderate production of organic
matter; inidway hetween oligotrophic and eutrophic,

metalimnion: {inet-uh-LIM-nee-an} water layer
between epilimnion (warm, top layer) and
hypolimnion (cold, bottom layer), where
temperature drop-oft is grearest.

nonindigenous: specices that are living owside of the
area where they evolved.

nonpoint source pollution: pofluzangs that do not enter
the lakes at a single confined source, but rather from
diffuse multiple sources such as agricultural runoft, road
salt and acid min.

vligatrophic: {(o-i-po-TRO-ik) waters that are low in
nutrientsand in productivity and are often cold and deep.

Optimum Sustainable Yield (OSY}: harvest level for
a species that achiceves the greatest benefit,
cconomically, socially, and biologically.
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parasite: an organism that lives in or on another living
organism (host) and receives nourishment from it, but
gives nothing to the host organism in retum.

PCB: polychlorinated biphenyl; a type of persistent
hydrocarbon that is toxic to some organisms and
bicaccumulates.

pelagic: (pah-LAJ-ik) the open-water area of a lake.

percids: members of the perch family including yellow
perch, walleye and sauger.

persistent chemicals: chemicals that are not
decomposed in the environment. Many persistent
chemicals accumulate in the tissues of animals as they
eat contaminated prey.

phosphate: chemical nutrient containing phosphorus
that can be found in agricultural or industrial runoff,
household wastewater and storm water that accelerates
the eutrophication of a body of water.

photic zone: area of a lake where light can penetrate.
Also called the limnetic zone.

phytoplankton: (FYE-toe-PLANGK-ton) small free
floating plants, including algae, diatoms and
cyanobucteria.

piscivorous: {pi-SIEVE-cr-us) fish-eating,

plankton: (PLANGK-ton) plants or animals that
inhabit lake or sea and drife with the currents; they
may have some abilities to move; they range in size
from single-celled plants or animals to large jelly-fish.

planktivorous: plankton-eating.

point source pollution: pollution that has a distinct
and identifiable source; it usually comes from a single

pipe or scries of pipes.

pollutant: a contaminant or natural substance present
in large enough quantities to cause a problem.

predator: a species that lives by killing and eating other
prey species.

processed value: value of a commercial fish harvest
after processing.

producer: converts and stores the sun’s energy and
nonliving materials into living biomass (tissue), which
is then available to other organisms in the food chain.

profundal zone: deepest portion of a lake where light
energy cannot penetrate. Also called the aphotic zone.

reef: a ridge of rock or sand at or near the surface of
the water that provides habitat for many aquatic plants
and animals.

rehabilitation: the repair of degraded aquaric
ecosystems to increase their ability to sustain aquatic
communities and provide benefits to society.

Remedial Action Plan: a plan to restore water quality
in a severely polluted Area of Concern (AOC).

restoration: to return to nearly afonmer condition or stanus.

risk assessment: procedure used to estimate the
probability of negative effects from a specific source of
a contaminant and at a particular exposure level.
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risk-based decision making: a strategy of accounting
for and eliminating risk factors involved with fisheries
management decisions, allowing for decisions to be
made within the acceptable risk range that managers
and users are willing to take, based on what information
is known and the estimated risks of unknowns.

risk management: the process of incorporating social,
economic and political information with risk
assessment information to decide how to reduce or
climinate patential risks for humans or fish populations.

scientific method: a systematic way of gathering and
evaluating information by posing specific rescarch
questions, designing experiments, making observations
and measurements and compiling and interpreting
results to answer the questions.

sediment: the deposited material, both organic and
inorganic, at the bottom of water bodies.

spawn: to breed and deposit eggs.

stock: (noun) a group or population of a fish species
tha is different from other groups of the same species
(i.e. spawns in a different habitat, at a different time)

stocking: (verb) the act of artificially introducing a
group or population of a fish species into waters,
particularly to introduce new or supplement existing
fish populations or stocks.

stunting: reduced growth due to lack of adequate food.

thermal stratification: vertical layering of water of
different densities that results from water temperature.

toxic: a substance that is poisonous and present in
sufficient quantity to cause death or serious injury to
an organism.

treaty: a tool and process used by one povemment to
give its word to another government. The intention
of a treaty is to protect a particular inter-governmental
agrcement over a long period of time.

tributary: (TRIH-bu-tair-ce) stream or river flowing
into a larger body of water.

trophic level: any of the feeding levels that energy
passes through as it continues through the ecosystem.

turbidity: (tur-BID-i-tee) the condition where
sediment andfor other particles are stirred-up or
suspendled in the water, giving it a muddy or cloudy
appearance.

upwelling: a mass of water that has moved to the
surface of a lake or the occan.

watershed: a region orarea thatisdmined bya river system.

weir: (WEER) small dam which may be used for taking

spawning fish.

wetlands: areas that contain a lot of soil moisture, can
support vegetation that needs wet soil, and has standing
water for some part of the year; these areas include
swamps, marshes, bogs, coastal areas, and estuaries.

zooplankton: (ZO-PLANGK-ton) tiny or even
microscopic and floating or free-swimming animals.
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