STATE OF THE GREAT LAKES 2017
HIGHLIGHTS REPORT
An overview of the status and trends of the Great Lakes ecosystem

WHAT ARE THE
GREAT LAKES
INDICATORS
TELLING US?
CAN WE DRINK THE WATER?

YES The Great Lakes remain a source of high quality drinking water.
CAN WE SWIM AT THE BEACHES?

YES But some beaches are unsafe for swimming some of the me
due to bacterial contamina on.
CAN WE EAT THE FISH?

YES But contaminants in fish require limits to be placed on the
amount of fish consumed in order to safeguard human health.

OVERALL,
THE GREAT LAKES
ARE ASSESSED
AS FAIR AND
UNCHANGING.

ARE THE LAKES FREE FROM POLLUTANTS AT LEVELS HARMFUL
TO HUMAN HEALTH AND THE ENVIRONMENT?

GENERALLY, YES But some pollutants in local areas, including in
designated Areas of Concern, remain at problem concentra ons.
ARE THE LAKES SUPPORTING HEALTHY WETLANDS AND OTHER
HABITATS FOR NATIVE SPECIES?

IN SOME INSTANCES YES, AND IN OTHERS NO Results vary
significantly from loca on to loca on.
ARE THE LAKES FREE FROM EXCESS NUTRIENTS?

NO Nutrient loadings in Lake Erie and some nearshore areas of
Lakes Huron, Michigan and Ontario are causing severe impacts
due to the forma on of toxic and nuisance algae.
ARE WE WINNING THE BATTLE AGAINST AQUATIC INVASIVE SPECIES?

NO While the introduc on of new non-na ve species has declined,
the spread and impacts of aqua c invasive species already in the
lakes con nues.
IS GROUNDWATER NEGATIVELY AFFECTING THE WATER QUALITY
OF THE LAKES?

GENERALLY, NO But some localized areas of contamina on exist.
ARE LAND USE CHANGES IMPACTING THE LAKES?

YES Growth, development, and land-use ac vi es stress the waters
of the Great Lakes.
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While progress to
restore and protect
the Great Lakes has
been made, including
the reduc on of toxic
chemicals, we are s ll
facing challenges with
issues such as invasive
species and nutrients.
In addi on, the
ecosystem is large
and complex and
it can take years to
respond to restora on
ac vi es and policy
changes.

ASSESSING THE
GREAT LAKES
Why are the Great Lakes Important?
The Great Lakes contain one fi h of the world’s fresh
surface water supply and are one of the most ecologically
diverse ecosystems on earth. They provide drinking
water to tens of millions of Canadians and Americans
and are important to the economies of both Canada
and the United States, suppor ng manufacturing,
transporta on, farming, tourism, recrea on, clean
energy produc on, and other forms of economic growth.

How are Governments Working
Together to Protect the Great Lakes?
2017 marks the 45th anniversary of the signing of
the Great Lakes Water Quality Agreement by the
Governments of Canada and the United States.
The Agreement commits both countries to working
coopera vely to restore and protect the water quality and
aqua c ecosystem health of the Great Lakes. Through the
Agreement, the Governments of Canada and the United
States engage the provincial and state governments of
Ontario, Illinois, Indiana, Michigan, Minnesota, New York,
Ohio, Pennsylvania, and Wisconsin, Tribes, First Na ons,
Mé s, municipal governments, watershed management
agencies, other local public agencies, industry and the
public in ac ons to ensure that the Great Lakes remain
an important and vibrant natural resource for the benefit
and enjoyment of this genera on and those to come.

and to agree on what the indicators are telling us. Each
indicator was assessed in rela on to both status and
trend. Status is defined as Poor, Fair or Good. Trend
is defined as Deteriora ng, Unchanging or Improving.

How is the Assessment of the Great
Lakes Used?
Assessments of the Great Lakes help Governments to
iden fy current, new and emerging challenges to Great
Lakes water quality and ecosystem health. Assessments
also help Governments to evaluate the eﬀec veness of
programs and policies in place to address challenges,
and help inform and engage others. We all have a role
to play in helping to restore and protect the Great Lakes.

Overall Assessments of the Nine Great
Lakes Indicators of Ecosystem Health
Great Lakes Indicator Status and Trend
Drinking Water

Status: Good
Trend: Unchanging

Beaches

Status: Fair to Good
Trend: Unchanging

Fish Consump on

Status: Fair
Trend: Unchanging

Toxic Chemicals

Status: Fair
Trend: Unchanging to Improving

How is the Health of the Great Lakes
Assessed?

Habitats and Species

Status: Fair
Trend: Unchanging

The Governments of Canada and the United States,
together with their many partners in protec ng the
Great Lakes, have agreed on a set of 9 indicators
of ecosystem health. These indicators are in turn
supported by 44 sub-indicators, measuring such
things as concentra ons of contaminants in water
and fish ssue, changes in the quality and abundance
of wetland habitat, and the introduc on and spread
of invasive species. To create this report, more than
180 government and non-government Great Lakes
scien sts and other experts worked to assemble
available data to populate the suite of sub-indicators

Nutrients and Algae

Status: Fair
Trend: Unchanging to DeterioraƟng

Invasive Species

Status: Poor
Trend: DeterioraƟng

Groundwater Quality

Status: Fair
Trend: Undetermined

Watershed Impacts
and Climate Trends
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Watershed Impacts:
Status: Fair
Trend: Unchanging
Climate Trends:
No Overall Assessment
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Drinking Water
Status: Good

Trend: Unchanging

Nearly 30 million Americans and the
majority of the 11 million Canadians living
in the basin get their drinking water from
the Great Lakes.

The 2012 Great Lakes Water Quality Agreement states that “the Waters of the Great Lakes should be a source of safe, highquality drinking water”

Assessment Highlights

Ontario and U.S. state agencies have diﬀerent ways of
analyzing and repor ng on the quality of treated drinking
water, however, both compare microbial, radiological and
chemical parameters in treated drinking water to healthbased standards. In the Province of Ontario, almost 60%
of the popula on gets their drinking water from the Great
Lakes and treated water tests met Ontario Drinking Water
Quality Standards 99.83% - 99.88% of the me from 2007
to 2014. In the U.S., 95 - 97% of the U.S. popula on living
within the Great Lakes Basin, or approximately 27 million
people, were serviced with drinking water that met all
applicable health-based drinking water quality standards
from 2012 to 2014.

Percentage of Canadian Drinking Water Tests
Meeting Standards
100

Percentage of drinking water tests
meeng standards

The Drinking Water indicator shows that the status of treated
drinking water in both Canada and the U.S. is Good and the
trend is Unchanging since the last report in 2011. This shows
that the Great Lakes con nue to be a high-quality source of
drinking water; however, as with all source waters, water
from the Great Lakes must be treated to make it safe to
drink.
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Sub-Indicators Supporting the Indicator Assessment
Sub-Indicator
Treated Drinking Water

Lake Superior

Lake Michigan
Lake Huron
Lake Erie
Lake Ontario
No lake was assessed separately
Great Lakes Basin assessment is Good and Unchanging
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Beaches
Status: Fair to Good

Trend: Unchanging
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The 2012 Great Lakes Water Quality Agreement states that “the Waters of the Great Lakes should allow for swimming and
other recreaƟonal use, unrestricted by environmental quality concerns”
runoﬀ from the land a er a heavy rainfall, improperly
working sep c systems, and even large flocks of gulls.

Assessment Highlights
The overall status of Beaches is Fair to Good and the trend
is Unchanging since 2011. The Beaches indicator shows
that many monitored beaches in the Great Lakes are safe
for swimming and recrea onal use throughout most of
the swimming season.
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The U.S. and Canada use diﬀerent bacterial standards
or criteria to determine when a beach is unsafe for
swimming or other recrea onal ac vi es. The Ontario
standards are more stringent and therefore Ontario o en
has more beach health advisories issued. Approximately
1,000 beaches along the Great Lakes shoreline are
monitored for the fecal bacteria indicator E. coli each year.
Over the 2011 to 2014 me period, the percentage of
days that monitored Canadian Great Lakes beaches met
Ontario bacterial standards for swimming averaged 78%.
The U.S. Great Lakes beaches monitored during this same
me period were open and safe for swimming 96% of the
me on average. However, the status of Lake Erie beaches
in Canada and the U.S. has deteriorated from the previous
2008 to 2010 repor ng period. Sources of E. coli for all of
the Great Lakes can include wastewater treatment plants,

U.S. Great Lakes Beaches: Percent of
Season Open By Lake

Lake Ontario

<50%

Sub-Indicators Supporting the Indicator Assessment
Sub-Indicator
Beach Advisories

Lake Superior
Unchanging
Status:

GOOD

Lake Michigan
Unchanging
FAIR

POOR

Lake Huron
Unchanging

Lake Erie
DeterioraƟng

Lake Ontario
Unchanging

UNDETERMINED
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Fish Consumption
Status: Fair

Trend: Unchanging
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The 2012 Great Lakes Water Quality Agreement states that “the Waters of the Great Lakes should allow for human
consumpƟon of fish and wildlife unrestricted by concerns due to harmful pollutants”

Contaminants causing consump on restric ons of Great
Lakes fish typically include PCBs, mercury, and dioxins.
PCBs drive the majority of fish consump on advice in
both the U.S. and Canada. PCB levels in edible por ons
of fish ssue have decreased by 90% in some cases, but
are s ll above consump on benchmarks. Mercury levels
have generally declined over the last four decades and,
depending on the fish species and lake, are lower than most
fish consump on advisory benchmarks. However, in Lakes
Erie and Huron, PCBs and mercury have remained stable
or are slightly increasing. Non-legacy contaminants, such
as Perfluorooctanesulfonic acid or PFOS (a stain repellent),
con nue to be a monitoring priority and will be included
in future State of the Great Lakes repor ng as necessary.
Addi onal stressors such as warming waters and invasive

PCBs in Edible Fish Tissue Have Declined
But Are Still Above Guidelines
7000
6000

Lake Ontario
Lake Michigan
Lake Huron
Lake Superior
Lake Erie

5000

in Lake Trout

The Fish Consump on indicator reveals that in all the
Great Lakes contaminants in edible por ons of fish have
declined over me. However, in Lakes Erie and Huron, recent
concentra ons of PCBs and mercury are stable or slightly
increasing. The status of contaminants in edible por ons of
fish is assessed as Fair and the trend is Unchanging since last
reported in 2011.

species will likely con nue to complicate the cycling of
contaminants in the Great Lakes and may impact the levels
of contaminants in fish.

PCB concentraon (ng/g)

Assessment Highlights
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Sub-Indicators Supporting the Indicator Assessment
Sub-Indicator
Contaminants in Edible Fish

Lake Superior
Unchanging
Status:
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Lake Michigan
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Lake Erie
DeterioraƟng

Lake Ontario
Improving

Toxic Chemicals
Status: Fair

Trend: Unchanging to Improving

The 2012 Great Lakes Water Quality Agreement states that “the Waters of the Great Lakes should be free from pollutants in
quanƟƟes or concentraƟons that could be harmful to human health, wildlife, or aquaƟc organisms, through direct exposure
or indirect exposure through the food chain”

Some
So
ome
m toxxic che
hemi
m ca
cals
ls in th
thee Gr
Grea
eaat La
Lake
kees ha
have
v
ve
decl
de
clin
i ed sub
bstan
an al
ally
ly ove
v r th
thee pastt 40 ye
y arrs.
s Whi
hile
le
signifi
sign
ificcant progress has bee
een
n ma
m de, th
thee Grea
e t La
Lake
kess
aree s ll ex
ar
expe
peri
rien
enci
cingg concent
ntra on
ons of som
o e toxiic
chem
ch
emiicals,
ls, suc
uch
h as PCB
CBs,
s, tha
hatt po
pose
se a thr
hrea
e t to human
heal
he
alth
h and the envvir
iron
onme
ment
nt.

STATE OF THE GREAT LAKES 2017 HIGHLIGHTS REPORT

6

Toxic Chemicals
Assessment Highlights
The Toxic Chemicals indicator shows that nearly all older
and regulated or banned chemicals, generally referred to as
legacy contaminants and include Polychlorinated Biphenyls
(PCBs) and mercury, have decreased over the past 40 years.
In general, non-legacy compounds, such as Polybrominated
Diphenylethers (PBDEs), have shown slow declines in recent
years, although some replacements for these compounds
are increasing in the environment. Overall, the status of Toxic
Chemicals is Fair and the trend is Unchanging to Improving.
In the oﬀshore waters of the Great Lakes, the long-term
trends for many contaminants, such as PCBs and PBDEs,
show declines to lower levels and li le or no change in the
more recent trend, although concentra ons are higher in the
lower lakes. There are however, occasional exceedances of
water quality objec ves and criteria for PCBs.
Contaminant levels in Great Lakes whole fish and Herring
Gull eggs have decreased significantly since the 1970s.
Although declines are being seen, concentra ons of
some compounds, like PCBs and PBDEs, may s ll exceed
environmental quality guidelines or objec ves. Localized

The Toxic Chemicals indicator includes data from several
long-term monitoring programs. These programs have been
tracking a wide variety of chemicals including mercury,
PCBs and PBDEs in the environment for years, and in some
cases, decades. The number of substances being monitored
is increasing and evolving, thereby improving our base of
knowledge to lead to more robust assessments; including
chemicals such as current-use pes cides, pharmaceu cals
and personal care products.
Refer to the State of the Great Lakes 2017 Technical Report
for chemicals monitored in the Great Lakes.

PCBs in Air are Decreasing

PBDEs are Higher in
Lakes Erie and Ontario

Environment and Climate Change Canada
U.S. Environmental Protecon Agency
GLWQA Guideline (1987)

Point Petre,
Lake Ontario

Lake Ontario

Concentraon (μg/g wet)

PCBs in Whole Fish are Decreasing

areas of highly contaminated sediment in Areas of Concern
(AOCs) and hazardous waste sites may con nue to act
as sources of these and other contaminants to the lakes.
Residual sources of PCBs remain in the Great Lakes Basin
and throughout the world. PCBs and other chemicals can
be carried by air currents from within and outside the basin
to the Great Lakes; therefore, atmospheric deposi on will
remain a significant source of PCBs and other contaminants
for decades into the future.

Eagle Harbor,
Lake Superior

Year

Sub-Indicators Supporting the Indicator Assessment
Sub-Indicator
Toxic Chemical Concentra ons
Toxic Chemicals in Sediments
Toxic Chemicals in Great Lakes Whole
Fish
Toxic Chemicals in Great Lakes
Herring Gull Eggs
Atmospheric Deposi on of Toxic
Chemicals

Lake Superior
Improving
Unchanging

Lake Michigan
Unchanging
Unchanging

Lake Huron
Unchanging
Unchanging

Lake Erie
Unchanging
Improving

Lake Ontario
Unchanging
Improving

Unchanging

Improving

Unchanging

Unchanging

Improving

Improving

Improving

Improving

Unchanging

Unchanging

No lake was assessed separately
Great Lakes Basin assessment is Fair and Improving
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Habitat and Species
Status: Fair

Trend: Unchanging

The 2012 Great Lakes Water Quality Agreement states that “the Waters of the Great Lakes should support healthy and
producƟve wetlands and other habitats to sustain resilient populaƟons of naƟve species”
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Habitat and Species
Assessment Highlights
The Habitat and Species indicator is used to assess habitats,
such as wetlands, along with the species that reside in these
areas. The Habitat and Species indicator shows that across
the basin, the status is quite variable, ranging from good to
poor and improving to deteriora ng, depending on the lake
basin and habitat or species of interest. The health of various
species in the Great Lakes is also reflec ve of the availability
and condi on of the habitat that they dwell in and need.
Overall, the Habitat and Species indicator is assessed as Fair
and Unchanging.

also been seen in the diversity of coastal wetland fish species
with recent data showing an average of 10 to 13 species
per coastal wetland, with some wetlands having as many
as 28. Although many invertebrates, birds and plants have
experienced long-term declines, some birds and amphibians
are showing a more recent unchanging trend. These stable
popula ons may be preliminary indica ons of some progress
in the rehabilita on and restora on of coastal wetlands.

Coastal Wetlands
Despite the fact that coastal wetland restora on and
protec on eﬀorts have improved specific areas, wetlands
con nue to be lost and degraded. Eﬀorts to be er
track and determine the extent and rate of this loss are
currently underway. In the southern lakes region, almost
all coastal wetlands are degraded by nutrient enrichment,
sedimenta on, or a combina on of both. In Lake Ontario,
water-level regula on also limits natural varia on in
wetlands, though work is underway to address this situa on.
A more recent concern in the southern lakes region and Lake
Huron is the expansion of the invasive Frog-bit, a floa ng
plant that forms dense mats capable of elimina ng na ve
submergent plants in coastal wetlands. Of similar concern,
the invasive Water Chestnut is expanding rapidly in Lake
Ontario.
Coastal wetland habitats in some regions of the Great Lakes,
in par cular in the northern parts, are intact and show fewer
signs of impairment. Across the basin, improvements have

Sub-Indicators Supporting the Indicator Assessment
Sub-Indicator
Coastal Wetland Amphibians
Coastal Wetland Birds
Coastal Wetland Fish
Coastal Wetland Invertebrates
Coastal Wetland Plants
Coastal Wetlands: Extent and
Composi on
Aqua c Habitat Connec vity

Lake Superior
Unchanging
Unchanging

Lake Michigan
Lake Huron
Lake Erie
Lake Ontario
Unchanging
Unchanging
Unchanging
Unchanging
Unchanging
Unchanging
DeterioraƟng
Improving
No lake was assessed separately
Great Lakes Basin assessment is Fair and Improving
No lake was assessed separately
Great Lakes Basin assessment is Fair and DeterioraƟng
Undetermined Undetermined DeterioraƟng DeterioraƟng
Unchanging
No lake was assessed separately
Great Lakes Basin assessment is Undetermined
Improving
Improving
Improving
Improving
Improving
Status:
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Habitat and Species
AquaƟc Food Web
The Great Lakes aqua c food web is made of many
important species, ranging from ny plants and animals
(phytoplankton and zooplankton) to top predator fish.
Zooplankton communi es in all lakes except Lake Huron
are generally in good condi on, although changes in
quan ty, density and type are occurring in Lakes Michigan
and Ontario. Changes that are occurring in zooplankton
communi es are consistent with decreasing nutrient
concentra ons in oﬀshore waters. Low nutrients levels
result in a loss of algae for zooplankton to feed on. Also,
Diporeia, a small bo om-dwelling shrimp-like species and
an important source of food for fish, has severely declined
in all the lakes except Lake Superior. The invasive dreissenid
mussels (specifically Zebra and Quagga Mussels) have
likely compounded this problem. Dreissenid mussels graze
on phytoplankton and small zooplankton as well as filter
and store nutrients which can prevent the movement of
nutrients into the open waters of the lake. The situa on is
complex and the exact mechanisms causing these changes in
Diporeia and zooplankton have yet to be fully determined.
Zooplankton and phytoplankton communi es are the main
source of food for prey fish and are essen al to sustaining
a healthy food web. Prey fish communi es across the
Great Lakes con nue to change, although the direc on and
magnitude of those changes vary. The prey fish community
is considered fair overall based on the diversity and the
propor on of na ve prey fish species in the Great Lakes
despite fluctua ons in popula on levels. The abundance of
prey fish is influenced by food availability and the abundance
of predator fish, such as Lake Trout and Walleye, which eat

prey fish to survive. A balance between the numbers of
top predator fish and the available prey fish in the lakes is
important.
The status of popula ons of na ve predator fish, such as
Walleye and Lake Trout, is variable; however, popula ons
of these fish are improving in some cases. Lake Trout
popula ons, for example, are improving in some areas of the
Great Lakes with support from stocking and rehabilita on
eﬀorts. In fact, natural reproducing popula ons of Lake Trout
are now rou nely detected in southwestern Lake Michigan,
and wild Lake Trout make up over 50% of the popula on
in Lake Huron. While changes in Lake Sturgeon status will
take a long me to manifest, ac vi es such as habitat
improvements, dam removals, and stocking eﬀorts indicate
an improving trend for this species.

Diporeia Are Declining - Quagga Mussels are Increasing
Diporeia Populaons
2000

2003

0

2

3

4

2012

2007

2012

5

Density No. m-2 x 103

Quagga Mussel Populaons
2000

1

2007

2003

101

102

103

104

105

Density No. m-2

Sub-Indicators Supporting the Indicator Assessment
Sub-Indicator
Phytoplankton
Zooplankton
Benthos
Diporeia
Prey fish
Lake Sturgeon
Walleye
Lake Trout
Fish Ea ng and Colonial Nes ng
Waterbirds

Lake Superior
Unchanging
Unchanging
Unchanging
Unchanging
Unchanging
Improving
Unchanging
Unchanging
Unchanging
Status:

GOOD

Lake Michigan
Lake Huron
DeterioraƟng DeterioraƟng
Unchanging
Unchanging
Unchanging
Unchanging
DeterioraƟng DeterioraƟng
DeterioraƟng Undetermined
Improving
Improving
Unchanging
Unchanging
Improving
Improving
Unchanging
FAIR

POOR

Unchanging

Lake Erie
DeterioraƟng
Unchanging
DeterioraƟng
DeterioraƟng
Improving
Improving
Improving
Improving

Lake Ontario
Unchanging
Unchanging
Unchanging
DeterioraƟng
DeterioraƟng
Improving
Unchanging
Improving

Unchanging

Unchanging

UNDETERMINED

STATE OF THE GREAT LAKES 2017 HIGHLIGHTS REPORT

10

Nutrients and Algae
Status: Fair

Trend: Unchanging to Deteriorating

The 2012 Great Lakes Water Quality Agreement states that “the Waters of the Great Lakes should be free from nutrients
that directly or indirectly enter the water as a result of human acƟvity, in amounts that promote growth of algae and
cyanobacteria that interfere with aquaƟc ecosystem health, or human use of the ecosystem”
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Nutrients and Algae
Assessment Highlights
The 1972 GLWQA focused on phosphorus reduc ons. In the
1980s and early 1990s, basin-wide restora on eﬀorts were
successful in reducing nutrient-related runoﬀ and condi ons
in the lakes improved. These eﬀorts included the regula on
of phosphorus concentra ons in detergents, investments
in sewage treatment, and the implementa on of best
management prac ces on agriculture lands and in expanding
urban areas. Despite these eﬀorts, there is a nutrient
imbalance in the Great Lakes. With the recent resurgence of
the nearshore algal problem in some areas and with other
changes in the ecosystem, the problem has become more
complicated. Overall, the condi ons result in a status of Fair
and a trend of Unchanging to DeterioraƟng for this indicator.
Many oﬀshore regions of some of the Great Lakes have
nutrient levels below desired concentra ons. In fact,
concentra ons may be too low in some areas, resul ng
in insuﬃcient growth of key phytoplankton species which
form the base of the food chain. Only in Lake Superior are
oﬀshore phosphorus concentra ons considered in acceptable
condi on. Conversely, there are excess nutrients in many
nearshore areas. While a certain level of nutrients is good,
too much may lead to the development of nuisance and
harmful algal blooms (HABs) and hypoxic zones (areas with
low oxygen levels). This issue is primarily a concern in Lake
Erie, parts of Lake Ontario, Saginaw Bay and Green Bay, along
with other nearshore areas that experience elevated nutrient
levels. Algal blooms can be harmful to both ecosystem and
human health. The western basin of Lake Erie and some
parts of Lake Ontario have experienced a resurgence of HABs
since 2008, adversely impac ng ecosystem health as well as
commercial fishing, municipal drinking water systems and
recrea onal ac vi es. Algal blooms are par cularly harmful
when they are dominated by cyanobacteria (or “bluegreen” algae) which can produce toxins such as microcys n.
These toxins can impact drinking water safety or can cause
gastrointes nal upsets, skin rashes and at elevated levels can
be fatal to many organisms.

Total Phosphorus Concentrations in the Great Lakes

Total Phosphorus (mg/L)
Spring 2013 (Lakes Ontario and Superior)
Spring 2014 (Lakes Erie, Michigan, Huron and Georgian Bay)
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Environment and Climate Change Canada and U.S. Environmental
Protection Agency programs do not monitor all locations.

Cladophora is a nuisance algae that is broadly distributed
over large areas of the nearshore regions of Lakes Erie,
Ontario, Huron and Michigan. Large mats of Cladophora
give the impression that nutrient concentra ons are high
in the nearshore. However, in some areas, these mats of
nuisance algae persist despite low nutrient concentra ons
in the surrounding water, which is why the management
of Cladophora has become such a challenge. Excessive
Cladophora poses many problems including beach and
shoreline fouling, clogging of municipal water intakes and
unpleasant aesthe cs, as well as tourism and recrea onal
fishing impacts. There are also significant ecological impacts
of excessive Cladophora growth and, when washed up on the
shoreline, Cladophora may harbour pathogens and create
an environment conducive to the development of botulism
outbreaks which pose a risk for fish and wildlife.
Warmer temperatures, higher frequency and intensity of
precipita on events, and invasive species, in par cular Zebra
and Quagga Mussels, are confounding factors in the cycling
and uptake of nutrients in the lakes. These factors may lead
to increased frequency, distribu on and severity of HABs,
hypoxic zones and Cladophora.

Sub-Indicators Supporting the Indicator Assessment
Sub-Indicator
Nutrients in Lakes
Cladophora
Harmful Algal Blooms
Water Quality in Tributaries

Lake Superior
Unchanging
Unchanging
Undetermined
Unchanging
Status:

GOOD

Lake Michigan
Lake Huron
Lake Erie
Lake Ontario
DeterioraƟng DeterioraƟng DeterioraƟng DeterioraƟng
Undetermined Undetermined Undetermined Undetermined
Undetermined Undetermined DeterioraƟng DeterioraƟng
Undetermined Unchanging
Unchanging
Unchanging
FAIR

POOR

UNDETERMINED
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Invasive Species
Status: Poor

Trend: Deteriorating

The 2012 Great Lakes Water Quality Agreement states that “the Waters of the Great Lakes should be free from the
introducƟon and spread of aquaƟc invasive species and free from the introducƟon and spread of terrestrial invasive species
that adversely impact the quality of the Waters of the Great Lakes”
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Invasive Species
Assessment Highlights

To date, over 180 aqua c non-na ve species have become
established in the Great Lakes Basin. Only one new nonna ve species has been discovered since 2006, a zooplankton
called Thermocyclops crassus. This tremendous success
in reducing the introduc on of invasive species is largely
due to the regula on of ballast water from trans-oceanic
ships. Addi onally, the Asian carp species established in the
Mississippi River, which are threatening the Great Lakes, have
not become established. This success is a ributed to the
important preven on eﬀorts in both countries, including the
U.S. Army Corps of Engineers electrical barrier on the Chicago
Sanitary and Ship Canal.
Despite the significant slowdown in recent introduc ons, the
impacts of established invaders persist and their ranges within
the lakes are expanding. It is believed that at least 30% of
the aqua c non-na ve species found in the Great Lakes have
significant environmental impact.
For several decades, Sea Lamprey have been causing severe
ecological impacts. However, Sea Lamprey abundance has
been reduced significantly in the five lakes through ac ve, ongoing, and basin-wide control measures. But, na ve fish such
as Lake Trout, Walleye and Lake Sturgeon are s ll subject to
Sea Lamprey preda on. Sea Lamprey remain an impediment
to achieving cri cal fish community and ecosystem objec ves
and therefore con nua on of and improvements to Sea
Lamprey control are required.
Dreissenid mussels, also known as Zebra and Quagga Mussels,
are prominent invasive species in the Great Lakes as well. In
many oﬀshore regions, Zebra Mussels have been displaced

Aquatic Invasive Species Establishments Have Slowed Down
200

Live Wells/Recreaonal Boang
Bait Release
Escaped Culture
Hitchhiker with Organisms in Trade
Aquarium
Canals
Planted/Stocked
Unknown
Shipping

180

Number of Invasives

The Invasive Species indicator highlights that the spread and
impact of aqua c and terrestrial invasive species con nues to
be a significant stress to biodiversity in the Great Lakes region.
As such, the Invasive Species indicator is assessed as Poor and
the trend is DeterioraƟng.
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by increasing popula ons of Quagga Mussels. While in some
nearshore regions, popula ons of both species seem to
be stable or declining. Overall, dreissenids are a dominant
component of the bo om-dwelling community. Consequently,
they have played an instrumental role in the altera on of
the zooplankton and phytoplankton communi es as well as
disrup ng the nutrient cycle and increasing water clarity.
On the land, terrestrial invasive species have a significant
impact and con nue to spread throughout the Great
Lakes Basin. Five terrestrial invasive species were assessed
collec vely—Phragmites, Purple Loosestrife, Garlic Mustard,
Emerald Ash Borer and Asian Long-horned Beetle. These
species are widely distributed and their ranges appear to be
expanding. All five of these species have a detrimental impact
on the surrounding ecosystem, including degrading habitat
and water quality.
Limi ng the impact of exis ng invaders is cri cal. However,
bina onal preven on eﬀorts, including con nuing early
detec on and rapid response programs, are where the biggest
diﬀerence can be made to ensure the Great Lakes are healthy,
safe and sustainable.

Sub-Indicators Supporting the Indicator Assessment
Sub-Indicator
Impacts of Aqua c Invasive Species
Dreissenid Mussels
Sea Lamprey
Terrestrial Invasive Species

Lake Superior
DeterioraƟng
Unchanging
Improving
DeterioraƟng

Status:

GOOD

Lake Michigan
DeterioraƟng
DeterioraƟng
Improving
DeterioraƟng
FAIR

POOR

Lake Huron
DeterioraƟng
DeterioraƟng
Improving
DeterioraƟng

Lake Erie
DeterioraƟng
Improving
Improving
DeterioraƟng

Lake Ontario
DeterioraƟng
DeterioraƟng
Unchanging
DeterioraƟng

UNDETERMINED
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Groundwater
Status: Fair

Trend: Undetermined
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The 2012 Great Lakes Water Quality Agreement states that “the Waters of the Great Lakes should be free from the harmful
impact of contaminated groundwater”

Assessment Highlights
The Groundwater Quality indicator is assessed as Fair
but the trend is Undetermined due to insuﬃcient longterm data. The concentra ons of nitrate, primarily
from agricultural prac ces, and chloride, mainly from
the urban use of de-icing salt, are being used to assess
groundwater quality. Elevated concentra ons of both of
these cons tuents in water can have detrimental impacts
to ecosystem and human health.

Groundwater Quality Assessment by Lake Basin

Por ons of the Great Lakes Basin with more intense
development, such as areas within the basins of Lakes
Michigan, Erie and Ontario, are generally assessed as
fair. Groundwater quality is generally assessed as good
in the less developed areas, such as por ons of the Lake
Huron basin. A be er understanding about the impacts
of contaminated groundwater and its interac on with the
waters of the Great Lakes is needed, par cularly for the
nearshore zone.

Sub-Indicators Supporting the Indicator Assessment
Sub-Indicator
Groundwater Quality

Lake Superior Lake Michigan
Lake Huron
Lake Erie
Lake Ontario
Undetermined Undetermined Undetermined Undetermined Undetermined
Status:

15

GOOD

FAIR

POOR
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Watershed Impacts and
Climate Trends
Status: Fair

Trend: Unchanging

The 2012 Great Lakes Water Quality Agreement states that “the Waters of the Great Lakes should be free from other
substances, materials or condiƟons that may negaƟvely impact the chemical, physical or biological integrity of the Waters of
the Great Lakes”

Betw
Be
tw
twee
weeen 19
971 and
d 201
11 th
t e nu
numb
m er of
mb
p op
pe
ple liv
i in
ng in the Greeat
a Lak
akes
ess Bas
asin
in
ncr
crea
e se
ea
sed
d by alm
mos
o t 20
0 perrce
cent
ntt, re
resu
sul ng
in sig
igni
nifi
ni
fica
fi
cant
nt chang
haang
nges
es to la
es
land
nd
d use
se in ma
many
ny
G ea
Gr
eatt Laakees wa
wate
ters
te
rshe
rs
heds
heds
he
ds. Sh
Shi ing
ng cliima
mate
tren
tr
ends
d aree als
ds
lso
o be
bein
ingg ex
expe
peri
rien
ence
ced
d ac
acro
oss
thee Gr
th
Greeat La
Lake
kess Ba
Basi
sin
n, inc
nclu
ludi
d ng war
armi
ming
ng
temp
te
mper
mp
erat
er
a ur
at
ures
es,, ch
es
chan
angi
an
g ngg pre
gi
reci
cipi
p ta on
pi
o
pa er
pa
e nss, de
decr
crea
cr
ease
ea
seed icce co
ove
vera
rage
ra
g , an
ge
a d
more
mo
re ext
x re
reme
mee flu
uct
c ua
u on
onss off waterr lev
evel
els.
s.
Chan
Ch
ange
gess in lan
and
d us
usee an
and
d sh
shi
hi ing clilima
mate
te
tren
tr
ends
d can hav
a e a pr
prof
ofou
ound
nd eﬀ
ﬀec
ectt on
o Great
at
Lake
La
kes wate
t r qu
qual
alit
ity.
y

STATE OF THE GREAT LAKES 2017 HIGHLIGHTS REPORT

16

Watershed Impacts and Climate Trends
Assessment Highlights
Overall, the Watershed Impacts and Climate Trends indicator
is assessed as Fair and Unchanging. This indicator includes
all “other substances, materials or condi ons” that are not
highlighted in the eight other indicators noted on page 2,
but are important with respect to the state of the Great
Lakes. The indicator currently includes an array of land-based
condi ons which can aﬀect water quality as well as climate
trends which can impact all parts of the ecosystem.
Watershed Impacts
Popula on, development, agriculture and road density can
cause land-based pressures on the Great Lakes ecosystem,
especially in areas with larger popula on centres. Although
urban and agricultural lands are important to the Great Lakes
region because they help support people and the economy,
the water quality in these areas, in par cular the lower
lake basins, is more suscep ble to impairments or threats.
Conversely, the northern part of the Great Lakes Basin has
lower rela ve amount of stress since it remains largely
undeveloped and is dominated by natural cover.

Agricultural Lands in the Southern
Parts of the Great Lakes Basin

Across the en re basin, almost 400 square kilometres (154
square miles) or 40,000 hectares of natural lands were
converted to developed land cover between 2001 and 2011.
The latest analysis shows a growing trend of increasing
development, resul ng in a loss of agricultural, forested and
natural lands.
Research has shown that an increase in forest cover
improves water quality. In par cular, forest cover within a
riparian zone (i.e. land along a lake, river or stream), plays a
key role in stabilizing soil and can help reduce the amount of
runoﬀ from the land and reduce nutrient loadings and other
non-point source pollutants. Forest cover in the riparian
zones varies with the Lake Superior watershed having the
highest amount at 96% and the Lake Erie watershed having
the least with 31%. With half of the Great Lakes Basin
currently in agricultural or developed land use, and with
much less forest cover in the more southern parts of the
Great Lakes Basin, it is evident that land-based pressures can
significantly impact water quality.

Forest Cover Helps to Improve Water Quality
Riparian Forest Rating

Sub-Indicators Supporting the Indicator Assessment
Sub-Indicator
Forest Cover
Land Cover
Watershed Stressors
Hardened Shorelines
Tributary Flashiness
Human Popula on

Lake Superior Lake Michigan
Lake Huron
Lake Erie
Unchanging
Unchanging
Unchanging
Improving
Unchanging
Unchanging
Unchanging
Unchanging
Unchanging
Unchanging
Unchanging
Unchanging
Undetermined Undetermined Undetermined Undetermined
No lake was assessed separately
Great Lakes Basin trend is Unchanging
Decreasing
Increasing
Increasing
Increasing
Status:
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Lake Ontario
DeterioraƟng
Unchanging
Unchanging
DeterioraƟng

Increasing

Watershed Impacts and Climate Trends

Assessing Climate Trends
Climate informa on is not assessed in the same
manner as other indicators in this report. For example,
the ecosystem has adapted to and needs both high
and low water levels and neither condi on can be
assessed as Good or Poor. However, prolonged
periods of high or low water levels may cause stress
to the ecosystem. Therefore, climate trends are simply
assessed as Increasing, Unchanging or Decreasing
over a defined period of me.

20

Surface Water Temperature
data from 3 locations in Lake Superior
15
0.6 +- 0.4 C / decade
1.0 +- 0.5 C / decade
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Water Levels Fluctuate
Water level (metres, IGLD85)

These changes can aﬀect the health of the Great Lakes Basin
including impacts to spawning and other habitats for fish
species, the amount and quality of coastal wetlands and
changes in forest composi on. Shi s in climate trends can
also lead to the northward migra on of invasive species and
alter habitat in a way that favours some invaders over na ve
species. An extended growing season, increases in runoﬀ and
nutrient loads and changes to contaminant cycling could also
result from a shi in climate trends.

Surface Water Temperatures are Increasing

Summer Water Temperature C

Climate Trends
Data collected over the past 30-40 years in the Great
Lakes Basin show increases in the amount of precipita on,
increases in summer surface water temperature and a
reduc on in ice cover. Lake levels have also generally
decreased, although there has been a recent rebound in
water levels in the past few years. It is not yet possible to say
with any certainty, however, if changes in water levels are
due to human ac vity or natural long-term cycles.
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Sub-Indicators Supporting the Indicator Assessment
Sub-Indicator
Precipita on Amounts
(1948-2015)

Lake Superior

Lake Michigan
Lake Huron
Lake Erie
No lake was assessed separately

Lake Ontario

Great Lakes Basin trend is
Surface Water Temperature
(1979/1980-2014)
Ice Cover
(1973-2015)
Water Levels
(1985-2015)
Baseflow Due to Groundwater

Undetermined Undetermined

No significant
change
No lake was assessed separately
Great Lakes Basin trend is Undetermined
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Lake-by-Lake Snap Shot
Overall Assessment by Lake
Status:
GOOD

FAIR

POOR

Trend:
UNCHANGING
DETERIORATING

Lake Superior’s ecosystem is in good condiƟon and the
trend is unchanging. Fisheries in the open waters are
in good condi on, supported by a robust lower food
web including small, shrimp-like species Diporeia and
Mysis. There are self-sustaining popula ons of Lake
Trout and increasing abundance of Lake Sturgeon. Most
major habitats are in good condi on on a lakewide scale,
including coastal wetlands. Concentra ons of legacy
contaminants in the environment, such as PCBs, are
generally decreasing or remaining stable. However, fish
consump on advisories con nue to be in eﬀect due to
pollutants such as mercury and PCBs. Aqua c invasive
species, in par cular Sea Lamprey, are s ll causing harm.
In addi on, warming waters are stressing some cold-water
species, such as Brook Trout. Areas of degraded habitat
or impaired habitat connec vity between the tributaries
and the lake are impac ng na ve species. Contaminants
of emerging concern, such as microplas cs, have been
detected.
Lake Michigan’s ecosystem is in fair condiƟon and
the trend is unchanging. Removal of contaminated
sediment and habitat improvement are occurring in AOCs;
White Lake has been formally removed from the list of
designated AOCs and management ac ons have been
completed at three other AOCs. Chemical pollutants have
declined significantly since the 1970s; however, fish and
wildlife consump on advisories remain in place. In some
nearshore areas, elevated phosphorus concentra ons
are observed, while oﬀshore phosphorus concentra ons
are below objec ves and con nue to decrease. Diporeia
have almost disappeared, and filter-feeding by invasive
19

Lake Superior alone has 11.4 quadrillion litres (3 quadrillion
gallons) of water - enough to submerge North and South
America under 30 cen metres (1 foot) of fresh water.

Lake Michigan is home to the world’s largest freshwater sand
dunes, a rac ng millions of visitors annually.
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Lake-by-Lake Snap Shot
Quagga Mussels has reduced the food available for prey
fish and the juveniles of economically important sport
fish (e.g. Yellow Perch) and commercial species (e.g. Lake
Whitefish). Record low abundance es mates for most
prey fish popula ons, combined with increased natural
reproduc on of predator fish, have prompted stocking
reduc ons for salmon and trout, cornerstone species for
the mul -billion dollar sport fishing industry. However,
in a few places, Lake Trout, the top na ve predator fish,
has shown signs of natural reproduc on for the first me
in decades, due in part to the successful control of Sea
Lamprey.
Lake Huron’s ecosystem is in fair condiƟon and the trend
is unchanging. It has extensive beaches and its nearshore
areas provide excellent opportuni es for swimming and
recrea on. Chemical pollutants have declined significantly
since the 1970s; however, fish and wildlife consump on
advisories remain to protect human health. The majority
of nearshore waters are of high quality, but areas of
the southeast shore, Saginaw Bay, and parts of eastern
Georgian Bay experience periodic harmful or nuisance
algal blooms. Nutrient and algae levels in the oﬀshore
are variable, but largely below targets. Zebra and Quagga
Mussels are associated with decline in nutrient levels and
nutrient availability to other aqua c organisms, increased
water clarity, nuisance algae growth and are suspected to
facilitate episodic botulism outbreaks in parts of the basin.
Diporeia, a major food source for prey fish, are declining,
resul ng in nega ve consequences for recrea onal and
commercial fisheries. However, Walleye have largely
recovered in Michigan waters of Lake Huron and, in the
absense of the invasive Alewife, Lake Trout popula ons are
approaching reproduc on targets.

More than 75,000 cubic metres (100,000 cubic yards) of
contaminated sediment were removed from White Lake resul ng
in improved water quality and the return of fish and wildlife
popula ons in Lake Michigan.

Lake Huron has the longest shoreline, including islands, of the
Great Lakes extending 6,159 km (3,827 miles).
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Lake-by-Lake Snap Shot
Lake Erie’s ecosystem is in poor condiƟon and the trend
is deterioraƟng. Harmful algal blooms resul ng from
excessive nutrient inputs occur regularly in the western
basin and Lake St. Clair during summer, and have impacted
drinking water treatment systems. Beach closures, habitat
loss and degrada on, and beach fouling in the eastern
basin con nue to be major concerns. Increased amounts
of decaying algae exacerbate seasonal anoxia (depleted
dissolved oxygen condiƟons) and hypoxia (low oxygen
conditons) in bo om waters of the central basin. Despite
the challenges, there are posi ve ecosystem trends,
including increased Walleye across the lake and Lake
Sturgeon in the St. Clair-Detroit River System; increased
Lake Erie is the most biologically produc ve Great Lake, and it also
aqua c habitat connec vity due to dam removal and
has the biggest sport fishing industry of all the lakes.
mi ga on projects; and declines in Sea Lamprey wounding
of fish since 2010. Since 2009, the western Lake Erie
Coopera ve Weed Management Area partners in Ohio and
Michigan have treated more than 13,000 acres of invasive
Phragmites, resul ng in a 70% decrease in live Phragmites
in Ohio and a resurgence of na ve plants in Michigan and
Ohio.
Lake Ontario’s ecosystem is in fair condiƟon and the trend
is unchanging. Contaminants in fish, such as PCBs, have
steadily decreased, leading to less restric ve consump on
advisories. Bald Eagles and Lake Sturgeon popula ons
are recovering. Na ve deepwater sculpin, a species once
thought ex rpated, has recovered, while stocking eﬀorts to
restore other na ve prey fish show some signs of success. The St. Clair River is home to the largest remaining Lake Sturgeon
spawning popula on in the Great Lakes Basin.
As a result of two years of poor alewife reproduc on,
reduc ons in salmon and trout stocking are needed to
address the poten al imbalance between predators and
prey. Oﬀshore phosphorus concentra ons are below the
objec ve and declining nutrient levels may significantly
reduce the overall produc vity of the lake and change the
structure of the lower food web, impac ng fish produc on.
In the nearshore waters, despite long-term lake-wide
nutrient declines, mats of Cladophora are causing
problems in some areas due to high phosphorus levels
and/or increased water clarity and changes in nutrient
cycling following the arrival of the invasive dreissenid
mussels.
Nearly 7.5 million Canadians live in the Lake Ontario watershed,
making up almost 20% of the en re Great Lakes Basin popula on.
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Many people have been involved with development of the State of the Great Lakes 2017 Highlights and Technical
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All photos included in this report are courtesy of U.S. federal agencies, Environment and Climate Change Canada or are available for free use unless otherwise noted below:
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Lake Huron page 2, Lucas Van Landschoot
Drinking Water page 3, Ontario Ministry of Agriculture, Food and Rural Aﬀairs
Wetland (bo om of) page 9, Michigan Sea Grant
Algae (bo om of) page 11, Stacey Cherwaty-Pergen le
Sea Lamprey page 13, Great Lakes Fishery Commission
Purple Loosestrife page 13, Michigan Sea Grant
Groundwater page 15, Norm Grannemann
Forest page 16, Stacey Cherwaty-Pergen le

Lake Superior (top of) page 19, Dave Crawford
Lake Superior (middle of) page 19, Nancy Stadler-Salt
Lake Michigan page 19, Michigan Department of Environmental Quality
Lake Superior (bo om of) page 20, jbailey/infosuperior.com
Lake Erie (top of) page 21, Michigan Sea Grant, Todd Marsee
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The State of the Great Lakes 2017 Highlights Reportt is a summary of science-based informa on from 44 sub-indicator reports.
These sub-indicator reports are included in their en rety in the State of the Great Lakes 2017 Technical Report. For more
informa on about the state of the Great Lakes repor ng and to access the reports, visit the following websites:

www.binaƟonal.net
www.ec.gc.ca/greatlakes
www.epa.gov/greatlakes
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