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Comprehensive Coverage for Valuable Water Resources
mon·i·tor
1. Observe and check
the progress or quality
(of something) over a
period of time;
2. Keep under systematic
review.

The dictionary definition of “monitor” conveys the basic premise of the Watershed Council’s
water quality monitoring programs. Our mission is to ensure Northern Michigan’s waters
remain clean, healthy, and continue to provide benefits for generations to come. Our waters
are under threat from a myriad of issues: nutrient pollution and algal blooms, sedimentation
and habitat loss, and toxic pollutants that persist in the environment for decades. The
Watershed Council’s programs assess impacts from these threats on 40 lakes and 24 rivers
and streams throughout Northern Michigan.
Although the dictionary definition of “monitor” points us in the right direction, it does little
to describe the breadth and depth of what it means to monitor water bodies. Lakes, rivers,
and streams are dynamic features of our landscape. They are in constant flux with weather
conditions. Rainfall, temperature changes, wind, sunlight, and other factors impart their
own changes on our waters. Interactions between land uses and overland runoff also
determine the quality of receiving water bodies at the watershed level. These waters support
life, from top-tier predator fish down to the minute, unicellular algae. These organisms are
dependent on high water quality, but may also impose their own changes within our waters.

COMPREHENSIVE WATER QUALITY MONITORING
To address the complex nature of aquatic systems, the Watershed
Council implements a multi-faceted approach to water quality
monitoring.

of sewage and nutrients, water flow changes, raising the water
temperature, and the addition of chemicals can also effect
dissolved oxygen levels.

Physical Monitoring
Measuring the physical properties of water involves the most
basic components of water quality.

Conductivity is a measure of the ability of water to conduct an
electric current, which is dependent upon the concentration
of charged particles (ions) dissolved in the water. Significant
increases in conductivity may be an indicator of pollution.
Many products associated with human activities, such as de-icers,
water softeners, fertilizers, and bleach contain chloride and
other ions. Conductivity levels in lakes and streams tend to rise
as population and human activity in a watershed increase.

Dissolved oxygen is perhaps the best indicator of water quality.
Dissolved oxygen, often referred to as DO, is simply the amount
of oxygen that is dissolved in the water. A dissolved oxygen level
that is too high or too low can harm aquatic life and affect
water quality. Levels of dissolved oxygen vary depending on
factors including water temperature, time of day, season, depth,
altitude, and rate of flow. Human factors, such as the addition
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Temperature is another important measurement that reflects
water quality. Water temperature is a governing factor for aquatic
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life: it controls the rate of metabolic and reproductive activities,
and therefore, life cycles. Trout and other cold-water aquatic
organisms require water below 68°F to thrive. Water temperature
is also a driving force behind algae and plant growth, which
provide the base of the food chain for all organisms. Vegetation
removal, impoundment, and industrial use can raise water
temperatures, resulting in impacts to aquatic ecosystems.
pH is a measure of the concentration of hydrogen ions. The
pH scale ranges from 0 to 14, with a pH of 7 considered neutral.
A pH of less than 7 is acidic and a pH of greater than 7 is basic.
As a measure of alkalinity or acidity of water, pH tells us a great
deal about our lakes and rivers. In lakes, pH can be lowered
by decaying organic matter, which produces carbon dioxide
(CO2), an acidifying gas. Rivers and streams with high or low
pH readings often indicate that acidic or alkaline pollutants are
entering the water body. State water quality standards require
Michigan waters to fall between 6.0 and 9.0.
Chemical Monitoring
Chloride, a component of salt, is naturally present at low levels
typically < 5 milligrams per liter (mg/L), in Northern Michigan
surface waters. Chloride is a reliable indicator of human activity
in a watershed because many products associated with people
contain chloride (e.g., de-icing salts, water softener salts,
fertilizers, and bleach). Furthermore, chloride is not removed
by chemical or biological processes in soil or water and therefore,
persists over time.
Phosphorus is usually the most important nutrient in terms of
aquatic ecosystems and nutrient pollution. Phosphorus is the
limiting nutrient for algae and plant growth. It directly influences
biological productivity in most of our lakes and streams.
Excessive phosphorus inputs can cause problematic algal
blooms and nuisance aquatic plant growth, which has led to
legislation banning it in soaps, detergents, and fertilizers.
Nitrogen is an abundant element throughout the earth’s surface
and is a major component of all plant and animal matter. It is
also generally abundant in our lakes and streams. Nitrogen can
enter water through nonpoint source pollution including
fertilizers. Measuring concentrations of total nitrogen in water

Figure 1. Chloride trends in Silver Lake,
Cheboygan County.
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bodies helps to detect nonpoint source pollution. Nitrate, a
biologically-available form of nitrogen, can stimulate excessive
plant growth.
Comprehensive Water Quality Monitoring

RESULTS AND TRENDS

Since 1987, the Watershed Council has tracked the health of
Northern Michigan’s waters, monitoring on a 3-year schedule.
2016 marked the 10th round of comprehensive water quality
monitoring for water bodies in Northern Michigan. This
extensive dataset now spans nearly three decades, and includes
57 different water bodies.
We are lucky to have some of the State’s cleanest water, fed
from abundant springs and pristine watersheds. On some water
bodies, our data has remained consistent with the first readings
taken in 1987. For these water bodies, the baseline of data serves
as a tool to ensure future protection.
In other water bodies, impacts from human activities are evident,
as pollutant values have increased over time. Some of the following
water quality trends shed light on changes occurring in Northern
Michigan.
Chloride Concentrations Continue
to Increase in Many Surface Waters
Chlorides, as explained above, are a common pollutant associated
with human activities. Road salt may be the largest source of
chloride for many water bodies in close proximity to developed
areas, but other sources, such as wastewater, agriculture, and
industrial operations, contribute as well. Data from the groundwater-fed Silver Lake showed a recent uptick in chloride levels.
It is possible that chloride in groundwater plays a role in this
trend, as gradual and consistent change is generally observed in
groundwater-influenced water bodies (Figure 1). Lake Bellaire,
on the other hand, is fed mainly through surface runoff. Chloride
levels fluctuate from one monitoring event to another, due to
rainfall and subsequent runoff exerting a heavier influence on the
Lake’s water quality (Figure 2). Despite differences in hydrology,
both of these lakes have shown increases in chloride concentrations
over the past 20 years.

Figure 2. Chloride trends in Lake Bellaire,
Antrim County.

Water quality data from the surface of all water bodies monitored in 2016.

Table 1. 2016 data for all sites in the Comprehensive Water Quality Monitoring Program.
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Zebra Mussels Loosening
Their Grip on Some Lakes
After the introduction of zebra mussels (Dreissena
polymorpha) to the Great Lakes in the mid 1980’s
and their subsequent spread to our inland lakes,
many water bodies saw a large decrease in biological
productivity. As voracious filter feeders, zebra
mussels consume vast quantities of algae and zooplankton from the water column. Watershed Council
monitoring efforts documented this through
plummeting concentrations of total phosphorus
A few years later, quagga mussels (Dreissena bugensis)
were introduced and rapidly spread throughout the
Great Lakes and their connecting waterways, further
depleting the base of the food web.
Over the past few years, anecdotal reports have
provided some evidence that zebra mussel populations are in decline throughout Northern Michigan. Unnaturally high numbers of invasive
mussels likely resulted in large-scale depletion of
their food source, diminishing the population.
Comprehensive monitoring results for 2013 and
2016 have shown rebounding total phosphorus
concentrations for some lakes, which may be the
result of less filter-feeding action by the invasive
mussels. While this could be good news for
aquatic ecosystems everywhere, the presence of
zebra and quagga mussels will continue to impact
our Great Lakes and inland lakes.

Figure 3. Total phosphorus trends in Burt Lake, Cheboygan County.

Figure 4. Total phosphorus trends in Clam Lake, Antrim County.

Figure 5. Total phosphorus trends at all Lake Michigan comprehensive
monitoring sties.

Other Parameters Indicate High Water Quality
in Most Water Bodies

For all 57 water bodies monitored, only six showed any signs of low dissolved
oxygen. This indicates most water bodies are making it through the winter
without life-inhibiting oxygen depletion (oxygen depletion is usually the
cause of winter fish kills). Although chloride concentrations are increasing
in many lakes, they are still, on average, roughly 10 to 20 times lower than chronic
toxicity levels identified by the United States Environmental Protection
Agency. Readings of pH tell us that almost all water bodies in the Northern
Lower Peninsula are slightly alkaline, and all fall within the range of 6.0 – 9.0,
the state-mandated range for Michigan’s surface waters.
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VOLUNTEER LAKE MONITORING
The Tip of the Mitt Watershed Council has coordinated our Volunteer Lake Monitoring program (VLM) since 1986. During
the summer of 2016, 46 volunteers helped monitor water quality at 30 stations on 23 lakes. All data collected by volunteers
are available at www.watershedcouncil.org/lake-monitoring. The following section summarizes monitoring parameters and
program results.
Secchi Disk
The Secchi disk is a weighted black and white disk used to measure
water clarity by lowering it into the water and recording the
depth at which it disappears. Water clarity, which is principally
determined by the concentration of algae and/or suspended
sediment in the water column, is a simple and valuable way to
assess water quality. Lakes and rivers that are very clear usually contain
lower levels of nutrients and sediments, and in most cases, are
high quality waters. Throughout the summer, different algae
types bloom at different times, causing clarity to vary greatly.
Secchi disk depths ranged from just a few feet in small inland
lakes to over 80 feet in the Great Lakes!

Table 2. 2016 data for all lakes in the Volunteer
Lake Monitoring Program.

Chlorophyll-a
Chlorophyll-a is a pigment found in all green plants, including
algae. Water samples collected by volunteers are analyzed for
chlorophyll-a to estimate the amount of phytoplankton (minute
free-floating algae) in the water column. Higher chlorophyll concentrations indicate greater phytoplankton densities, which reduce water clarity. The chlorophyll-a data provides support for
Secchi disk depth data used to determine a lake’s biological productivity, but it also helps differentiate between turbidity caused
by algal blooms versus other factors such as sediments or calcite
(calcium carbonite).
Trophic Status Index
Trophic Status Index (TSI) is a tool developed to rank the biological productivity of a lake. TSI values range from 0 to 100.
Lower values (0-38) indicate an oligotrophic or low productive
system, medium values (39-49) indicate a mesotrophic or moderately productive system, and higher values (50+) indicate a eutrophic or highly productive system. Lakes with greater water
clarity and lower phytoplankton densities score on the low end
of the scale, while lakes with greater turbidity and more phytoplankton score on the high end.
Oligotrophic lakes are characteristically deep, clear, nutrient poor,
and have abundant oxygen. Eutrophic lakes are generally shallow
and nutrient rich, which, depending upon variables such as age,
depth, and soils, can be a natural state of a lake. However, nutrient and sediment pollution caused by humans can lead to the
premature eutrophication of a lake, referred to as “cultural eutrophication.” Cultural eutrophication can lead to nuisance plant
growth, problematic algal blooms, water quality degradation, and
fish and invertebrate mortality.
*scores are seasonal averages, ND=no data, i=insufficient data, ug/L=micrograms per liter.
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2016 Results and Discussion

During the summer of 2016, lake monitors took to their
lakes on a weekly basis, tracking the above described lake
characteristics. The results of their work provide continued
long-term data that can be used not just by the Watershed
Council, but by lake associations, government agencies, and
private entities to evaluate lake conditions and changes over
time. The Watershed Council regularly supplies Michigan
Department of Natural Resources fisheries biologists, federal
and state water quality programs, and various academic
institutions with data collected by our volunteers. As resources
to investigate water quality become more scarce (usually in the
form of state and federal budget cuts), volunteer monitoring
programs ensure that environmental changes in and around
lakes don’t go undocumented.
Those who spent a healthy amount of time outdoors during
the summer of 2016 will recall abundant sunshine and
above average temperatures. Accordingly, lake monitors
documented above average water temperatures in many
lakes throughout the summer. Many larger lakes’ surface
temperatures reached the upper 70’s (°F) and a few lakes made
it into the 80’s (°F). Coinciding with higher water temperatures, a marked increase in chlorophyll-a concentrations was
observed in nearly every lake. Although many factors influence chlorophyll-a concentrations (including the presence
of zebra and quagga mussels or nutrient pollution), elevated
temperatures encourage photosynthesis, the main form of
energy production in algae cells. Although algae is often
considered a nuisance, and can even pose a public health
hazard in the case of toxin-producing cyanobacteria, not all
algae is bad. Phytoplankton are considered algae and contribute
to chlorophyll-a concentrations in water. They play a large
role in the aquatic food web as primary producers, which
larger organisms depend upon. It is likely that increased
lake productivity in 2016 may have resulted in better growth
conditions for macroinvertebrates, game fish, and even
aquatic mammals.
Although photosynthesis is the primary source of energy for
all aquatic organisms, too much photosynthesis that results
in algal blooms or excessive plant growth can lead to cultural
eutrophication. As development increases within a watershed
and shorelines become developed, unnaturally high amounts
of sediment and nutrients find their way into lakes. These
pollutants stimulate excessive plant and algae growth. When
the plants and algae die and begin to decay, respiring bacteria
remove oxygen from the water column, resulting in oxygen
depletion and endangerment of aquatic life. Monitoring a
lake’s dissolved oxygen throughout the summer and fall
is the best way to evaluate this condition, and has been
employed on ten lakes in the Volunteer Lake Monitoring
program. Many Northern Michigan lakes boast consistently
high dissolved oxygen levels. Continued monitoring helps
to ensure cultural eutrophication is identified early and
addressed through watershed management actions.
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VOLUNTEER
STREAM MONITORING
Streams are the freshwater circulation system of Northern
Michigan, carrying rainwater, snowmelt, and groundwater
into and out of the region’s lakes. Our streams provide
recreational opportunities to anglers, paddlers, and others,
as well as habitat to a wide variety of wildlife. Fortunately,
many Northern Michigan residents recognize the value of
these streams. In 2016, over 160 volunteers helped monitor
44 sites on 24 different rivers and creeks!
Volunteer stream monitors perform biological monitoring,
collecting aquatic insects and other macroinvertebrates
that are used to assess stream ecosystem health. Community
diversity and species sensitivity are key factors in determining
water quality. A variety of pollution-sensitive stoneflies,
mayflies, and caddisflies portrays a healthy ecosystem with
high water quality, while a sample with only pollution-tolerant
aquatic worms and midges reveals a stream ecosystem that
is likely suffering. We usually find excellent water quality
in Northern Michigan streams because of limited agricultural
and urban land cover in their watersheds. However, there
are a few sites in or near urban areas where diversity is low.
The ecological health of streams is assessed using three
different measurements of diversity: 1) Total Taxa = total
number of macroinvertebrate families found at a site; 2)
EPT taxa = number of families in the three pollution-sensitive
insect orders (mayflies, stoneflies, and caddisflies); and 3)
Sensitive Taxa = number of the most sensitive macroinvertebrate families. Scores for each sample site are averaged
using data from all monitoring events and presented using
the following format: (Total, EPT, Sensitive). For example,
a site with a score of (20, 10, 5), indicates an average of
20 total families, 10 EPT families, and 5 sensitive families.

Table 3. Results from the Volunteer
Stream Monitoring Program.

Changing of the Guard:
New Sites Added, Several Retired
Our Volunteer Stream Monitoring Program is now in its 13th year of
operation. This year, we retired some of our monitoring sites because
better sites, located on the same body of water, have been identified.
What makes a site “better” than another? Sites containing highly diverse
habitat (woody debris, cobble, etc.) often host a macroinvertebrate
community that better represents the water quality of a stream. Monitoring
at these locations provides the best data – all the while tracking changes
related to possible habitat degradation.
In 2015, youthful vitality was breathed into the program, with the
participation of the Watershed Academy students. The Watershed
Academy is the Watershed Council’s environmental education initiative,
engaging high school students in place-based, hands-on learning. After
classroom training sessions, groups of 5 – 12 high school students embark
on a field day of macroinvertebrate collection in a stream near their
school. Students learn collection and identification techniques from
experts and use the data to make stream-side inferences about water
quality. Macroinvertebrate samples are then taken and identified to
family level by experts. Dedicated groups of adult volunteers have also
added new sites in 2016. Multiple years of data are needed before
inferences can be made about water quality with grades assigned. Stay
tuned for next year’s monitoring report, detailing results from 12 new
sites (Table 4).

Table 4. New volunteer stream monitoring sites
for 2015 and 2016.
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Many rivers and streams in Northern Michigan rank among the best
in the State for water quality. Notable rivers such as the Jordan, Pigeon,
Maple, and Sturgeon all host diverse and sensitive macroinvertebrate
populations. Should these rivers begin to undergo impacts from large-scale
degradation, our “canaries in the coal mine”- stoneflies, caddisflies, and
mayflies- will begin to disappear. Tracking macroinvertebrate communities
on a biannual basis allows us to keep our thumb on the pulse of the
rivers and streams included in the Volunteer Stream Monitoring Program.
Alternatively, many of our urbanized streams have low
diversity and host only pollution-tolerant organisms.
These streams could support sensitive organisms, but
development-related impacts suppress the population.
Stormwater outfalls deluge large quantities of warm,
pollutant-laden water with every rain storm. Eroding
banks yield sediment that smothers the vital interstitial
spaces of cobble and gravel substrate. Banks devoid
of vegetation reduce habitat diversity and allow the
water to warm on hot days. Fortunately, there are
methods to mitigate these impacts. For example,
rain gardens and other stormwater treatment methods
keep untreated stormwater out of streams, and
restoration projects can restore habitat viability.
Many other solutions exist as well. As water quality
improves, monitoring programs can track the progress.
Many of these projects are already underway, as
the Watershed Council and other conservation
organizations work to protect and improve our waters.
www.watershedcouncil.org
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Water quality grades
at each stream
monitoring site.

A

Boyne River – all sites
Eastport Creek, Farrell Road
Horton Creek, Boyne City Road
Jordan River– all sites
Kimberly Creek, Quarry Road
Maple River– all sites
Milligan Creek– all sites
Mullett Creek, Crump Road
Pigeon River– all sites
Sturgeon River– all sites

B

Bear River, Bear River Road
Kimberly Creek, Montgomery Road
Mullett Creek, Indian Trail
Stover Creek, Brookside-Cemetery
Tannery Creek , Country Club Road

C

Figure 6. Volunteer stream monitoring sites with grades.

Grades are assigned to each monitoring site using a numeric scoring system based on total
taxa, EPT taxa, and sensitive taxa indices (Figures 7 and 8). A poor grade does not always indicate
poor water quality, but rather the presence of a pollution-tolerant macroinvertebrate community.
In some streams, such as Horton Creek at Church Road, the slow-flowing nature of the
stream does not provide the habitat necessary to support sensitive species.

Bear River, Mouth-Mineral Well Park
Russian Creek, Mouth
Bear River, Walloon Lake Village
Eastport Creek, M88
Horton Creek, Church Road

D

Stover Creek, Mouth
Tannery Creek, Mouth

Figure 7. Averaged
diversity index
scores for large
rivers, 2005-2016

*Total taxa: total number of macroinvertebrate taxa; EPT taxa: taxa from pollution-sensitive insect orders (mayflies, stoneflies, and caddisflies); sensitive taxa: taxa most intolerant of pollution
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Figure 8. Averaged
diversity index
scores for small
streams, 2005-2016

*Total taxa: total number of macroinvertebrate taxa; EPT taxa: taxa from pollution-sensitive insect orders (mayflies, stoneflies, and caddisflies); sensitive taxa: taxa most intolerant of pollution

Volunteer Botulism Monitoring Program
For visitors and full-time residents alike, common loons are an
iconic symbol of Northern Michigan. Unfortunately, in recent
years, these beloved birds, along with others such as scoters,
grebes, and piping plovers, have faced a very serious threat in
the form of an unseen toxin.
Avian botulism is a paralytic disease caused by ingestion of a
toxin produced by the bacteria Clostridium botulinum. Avian
botulism has resulted in more than 100,000 bird deaths in the
last half century, according to the Journal of Great Lakes Research.
The botulism toxin is produced in low-oxygen conditions in
decaying algae along the shorelines and bottom of lakes. The
toxin reaches lethal levels in birds, due to biomagnification in
the aquatic food web.
Since 2007, the Watershed Council has recruited volunteers –
Beach Rangers – to document bird fatalities along the Lake
Michigan shoreline in Charlevoix and Emmet Counties. This
data collection effort contributes to a lake-wide research program
coordinated by Michigan Sea Grant and the Michigan Department
of Natural Resources. There is still much to learn about factors
affecting the highly variable, and at times localized, bird die-offs.
Most accounts point to zebra mussels, nutrient pollution, and
warmer waters contributing to algae growth, which in turn results
in decaying algae layers prime for producing the botulism toxin.

toxin. In early to mid-November, we saw the greatest number
of documented fatalities (Figure 9). The largest mass die-off reported
by the Beach Rangers was located in Greene’s Bay on Beaver Island
with 39 birds, most of which were long-tailed ducks. This was
relatively small compared to several larger, localized die-offs
documented by Common Coast Research near Gulliver, MI
(over 600 birds) and Sleeping Bear Dunes National Lakeshore
(239 birds).
A big thank you goes out to our 2016 volunteers. Thirty seven
concerned citizens contributed to this program between
September and December. If beach walking in the name of
science appeals to you, contact Matt Claucherty at (231) 347-1181
or matt@watershedcouncil.org. The annual Beach Ranger Training
will be held during late summer 2017. For more information
on this program, see www.watershedcouncil.org/avian-botulismmonitoring

In 2016, the Watershed Council’s Beach Rangers surveyed an
impressive 136 miles of Lake Michigan shoreline, documenting
410 dead birds. Many of these were likely killed by avian botulism.
Sadly, this was the highest rate of mortality since 2012. Hardest
hit were common loons and long-tailed ducks, and the west and
northwest facing shorelines (primarily outside of Little Traverse
Bay) saw the greatest number of bird carcasses.
Although algae appeared to be lighter, warmer than average
water temperatures persisted well into the fall season, which
likely resulted in conditions conducive to production of the botulism
Spring 2017

Figure 9. Weekly carcass totals and shoreline miles surveyed.
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