Water clarity is a measure of the amount of particles in
the water, or the extent to which light can travel through
the water. There are many ways to express water clarity,
including Secchi disk depth, turbidity, color, suspended
solids, or light extinction. Chlorophyll-a, collected by
water chemistry volunteers, is a measurement of the
amount of algae that is in the water.
Water clarity is important for a number of reasons.
It affects the depth to which aquatic plants can grow,
dissolved oxygen content, and water temperature. Fish
and loons and other wildlife depend on good water
clarity to find food. Water clarity is often used as a
measure of trophic status, or an indicator of ecosystem
health. Water clarity is important aesthetically and can
affect property values and recreational use of a water
body (Tim Asplund, March 2000).
Suspended sediments, algal growth, runoff,
shoreline erosion, wind mixing of the lake bottom, and
tannic and humic acids from wetlands can all affect water
clarity. Water clarity often fluctuates seasonally and can
be affected by storms, wind, normal cycles in food webs,
and rough fish such as carp, suckers, and bullheads.

S

uspended Sediments

Sediment may enter the lake from a river or stream.
Sediment may also come from land use activities in the
watershed including erosion from cropland and runoff
from barnyards, construction sites, and city streets. In
a shallow lake, sediment from the lake bottom can be
suspended throughout the water column during heavy
winds. Additionally, certain fish species (e.g., carp) may
stir up bottom sediments and make the lake appear
muddy. A lake with a lot of suspended sediment will
appear cloudy, muddy, or brown. As a result, the Secchi
disk may disappear from view within a few feet of the
water’s surface.

A

lgae

Phytoplankton (a type of free-floating algae) is a vital
part of the food chain in aquatic systems. They provide
the food base for zooplankton (microscopic animals)
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Factors that Affect
Water Clarity

Secchi disk

ALGAE • Small aquatic plants containing
chlorophyll and without roots that occur
as single cell or multi-celled colonies.
Algae form the base of the food chain in an
aquatic environment.
WATERSHED • The area of land draining
into a specific stream, river, lake, or other
body of water.
RUNOFF • Water from rain, snow melt, or
irrigation that flows over the ground surface
and into streams or lakes.
PHYTOPLANKTON • Very small free-floating
aquatic plants, such as one-celled algae. Their
abundance, as measured by the amount of
chlorophyll a in a water sample, is commonly
used to classify the trophic status of a lake.
ZOOPLANKTON • Plankton that is made up
of microscopic animals, for example, protozoa, that eat algae. These suspended plankton
are an important component of the lake food
chain and ecosystem. For many fish and crustaceans, they are the primary source of food.
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FAMILIAR SIGNS OF RUNOFF POLLUTION
ALGAE
Nutrients, such as phosphorus and nitrogen, come from
sediments, manure, pet wastes, improperly maintained
septic systems, and misapplication of fertilizers on
lawns or farm fields. Phosphorus contributes to the
eutrophication (over-fertilization) of lakes. This leads
to an increase in aquatic macrophyte and algae growth.
Excess aquatic macrophytes and algae are harmful
to fish and make a lake less attractive for swimming,
boating, and other activities (UW Extension 2001).
When algae and aquatic weeds die they are broken
down by bacteria. Bacteria consume oxygen during
decomposition and make it difficult for fish and other
aquatic life to survive. Excess aquatic macrophytes
also contribute to winter fish kills in shallow lakes
(UW Extension 2001).

Excess algae can reduce populations of bottom-rooted
plants by blocking sunlight. Bottom-rooted plants
provide food and habitat for fish and waterfowl
(UW Extension 2001).

SEDIMENT
Sediments can cause water to become cloudy, or “turbid”,
making it difficult for fish to see and feed properly. Sediments
can also damage fish gills and impair the feeding and breathing processes in aquatic insects (UW Extension 2001).
Sediments cloud the water and cover plant leaves, reducing
sunlight penetration and inhibiting photosynthesis. Without
photosynthesis, desirable plant populations are reduced, leaving
fewer habitats for fish and small organisms (UW Extension 2001).

EUTROPHICATION • The process by which lakes and streams are enriched by nutrients causing an increase in plant and
algae growth. This process includes physical, chemical, and biological changes that take place after a lake receives inputs
for plant nutrients (mostly nitrates and phosphates) from natural erosion and runoff from the surrounding land basin.
The extent this process occurs is reflected in a lake’s trophic classification. Lakes can be classified as being oligotrophic
(nutrient poor), mesotrophic (moderately productive), or eutrophic (very productive and fertile).
NITROGEN • One of the major nutrients required for the growth of aquatic plants and algae. Various forms of nitrogen
can be found in water: organic nitrogen, most of which eventually decomposes to ammonia; ammonia, produced from
organic decay by bacteria and fungi; nitrite, produced from ammonia by nitrite bacteria; and nitrate, the form which is
most readily available for use by plants. Nitrate is produced from nitrous oxide by nitrate bacteria. In some ecosystems,
nitrogen is the nutrient that limits algae growth.
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that eventually are eaten by fish, ducks, and other
animals. Too much phytoplankton can disrupt the
natural balance of a lake ecosystem, make the lake
unsightly, and make swimming and other activities
less enjoyable. Certain kinds of blue-green algae,
which are sometimes classified as bacteria, can cause
noxious odors when it decays and can also produce
natural toxins that can be dangerous to animals
(including cows and dogs) and humans if ingested.
If your lake has little turbidity due to sediment, the
Secchi disk data you provide will give a relative estimate of how much algae is present in your lake. It
will not reveal what types of algae are present.

W

ater Color

Some lakes, especially those near acidic wetlands such
as bogs, may be stained brown like tea. This is an
indication that the water contains tannic acid that
leached from the surrounding vegetation. Since light
does not penetrate as well through dark-colored water,
Secchi depth may be low although algae may be less
abundant. Plant densities may be lower in stained
lakes since sunlight is not able to penetrate very deep
into the water column. You may also notice a change
in water color over the sampling season. Seasonal
color changes most likely reflect changes in algae productivity. If your lake turns unusually green, brown,
or orange for a few weeks during the summer months,
the change is probably the result of an algal bloom.
To fully understand variations in Secchi depth, water
color observations over time must be recorded.

M

ixing and Stratification

STRATIFICATION • The layering of water due
to differences in temperature and density.
EPILIMNION • The uppermost circulating
layer of warm water that occurs in stratified
lakes in summer because of the differences in
water density. Water’s greatest density occurs
at 39°F. In lakes that stratify, as water warms
during the summer, it remains near the surface while the colder water remains near the
bottom. The depth of the epilimnion is
determined by wind and usually extends
about 20 feet below the surface.
THERMOCLINE • Sometimes referred to as
the metalimnion. The narrow transition zone
between the epilimnion and the hypolimnion
that occurs in stratified lakes.
METALIMNION • Sometimes referred to as
the thermocline. The narrow transition zone
between the epilimnion and the hypolimnion
that occurs in stratified lakes.
HYPOLIMNION • The cold, deepest layer
of a lake that is removed from surface
influences.

VOY

JIM

A lake’s water quality and ability to support fish
are affected by the extent to which the water mixes.
Mixing will also impact your Secchi disk reading.
The depth, size, and shape of a lake are the most
important factors influencing mixing; although climate, lakeshore topography, inflow from streams,
and vegetation also play a role (Shaw et al. 2000).
Water density peaks at 39°F. It is lighter at both
warmer and colder temperatures. Variations in water
density caused by different temperatures can prevent
warm and cold water from mixing (Shaw et al. 2000).
When lake ice melts in early spring, the temperature
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and density of lake water will be similar from top
to bottom. This uniform water density allows the
lake to mix completely, recharging the bottom
water with oxygen and bringing nutrients to the
surface (Shaw et al. 2000). This mixing process is
called spring overturn. As surface water warms in
the spring, it loses density. Due to physics, wind
and waves can only circulate the warmed water
20 to 30 feet deep, so deeper areas are not mixed.
If the lake is shallow (less than 20 feet), however,
the water may stay completely mixed all summer
(Shaw et al. 2000).
During the summer, lakes more than 20
feet deep usually experience a layering called
stratification. Depending on their shape, small
lakes can stratify even if they are less than 20 feet
deep. In larger lakes, the wind may continuously
mix the water to a depth of 30 feet or more.

Lake shallows do not form layers, though deeper
areas may stratify. Summer stratification, as pictured in Figure 1, divides a lake into three zones:
epilimnion (warm surface layer), thermocline
or metalimnion (transition zone between warm
and cold water), and hypolimnion (cold bottom
water). Stratification traps nutrients released from
the bottom sediments in the hypolimnion (Shaw
et al. 2000).
In the fall, the surface cools until the water
temperature evens out from top to bottom, which
again allows mixing (fall overturn). A fall algae
bloom often appears when nutrients mix and rise
to the surface. Winter stratification, with a temperature difference of only 7°F (39°F on the lake
bottom versus 32°F right below the ice), remains
stable because the ice cover prevents wind and
waves from mixing the water (Shaw et al. 2000).

Figure 1. Seasonal Stratification of Lakes. (Taken from Shaw et al. 2000 “Understanding Lake Data”)
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The lake’s orientation to prevailing winds can affect
the amount of mixing that occurs. Some small, deep lakes
may not undergo complete mixing in the spring or fall if
there is not enough wind action. The mixing that takes
place in the bays of a large lake will more closely resemble
that of a small lake because the irregular shoreline blocks
the wind (Shaw et al. 2000). Because mixing distributes
oxygen throughout a lake, lakes that don’t mix may have
low oxygen levels in the hypolimnion, which can harm
fish. Some fish species require lake stratification. The
cold water in the hypolimnion can hold more oxygen
than the warmer water in the epilimnion and thus
provide a summer refuge for cold water fish (e.g., trout).
If the lake produces too much algae that falls onto the
lake bottom to decay, oxygen in this part of the lake will
become depleted since the steep temperature gradient
in the metalimnion will prevent any surface water with
dissolved oxygen from reaching the bottom (Shaw et al.
2000).
Detailed information on overturn can be found at
http://www.waterontheweb.org/under/lakeecology.

W

ater Levels

Lake levels can fluctuate naturally due to precipitation
which varies widely from season to season and year
to year. While some lakes with stream inflows show
the effect of rainfall almost immediately, others may
not reflect changes in precipitation for months. For
example, heavy autumn rains often cause water levels
to rise in the winter when rain enters the lake as
groundwater. Longer retention times occur in seepage
lakes with no surface outlets. Average retention times
range from several days for some small impoundments
to many years for large seepage lakes. Lake Superior
has the longest retention time of Wisconsin lakes –
500 years (Shaw et al. 2000).
Water level fluctuations can affect your lake
water quality. Low water levels may cause stressful
conditions for fish and increase the number of aquatic
plants. High water levels can increase the amount
of nutrients and sediments entering the lake due to
runoff and increase the amount of sediment due to
erosion. When groundwater levels are high, older septic
systems that are located near lakes may flood (Shaw
et. al. 2000). Low water levels may impact the lake’s
ability to stratify. When lakes stratify, the thermocline
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FOR MORE INFORMATION
ON HOW TO PROTECT AND
ENHANCE YOUR LAKES,
obtain a copy of

Life on the Edge…
Owning Waterfront Property.
The 22 chapters give an overview of
various topics such as living with wildlife,
shore savers, or plant control. Order
your copy from UWEX-Lakes.

SEEPAGE LAKES • Lakes without a significant inlet or outlet, fed by rainfall and
groundwater.
ALGAL BLOOM • A heavy growth of algae
in and on a body of water as a result of high
nutrient concentrations.
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(the mixing depth) prevents nutrients (especially
phosphorus) from circulating throughout the lake,
essentially trapping it near the bed of the lake in
the deeper water areas. If water levels decrease
and lakes do not stratify nutrients could circulate
freely throughout the water column creating algal
blooms. Low water levels can contribute to algal
populations. When water levels are low, algae
can take advantage of nutrients released from the
sediments due to wave action. Normally these
nutrients would be contained in deeper water.

M

otor Boat Activity

Propellers of boats may disturb the lake or river
bottom directly, or indirectly through the wash
or turbulence they produce, especially in shallow
water. This may affect water clarity by increasing
the amount of sediment particles in the water or
may cause nutrients, such as phosphorus, that
are stored in the sediments, such as phosphorus,
to become available for algal growth. Waves created by watercraft may contribute to shoreline
erosion, which can cloud the water. Boats have
ind-generated Waves, Sun Position, been shown to affect water clarity and can be a
and Cloud Cover
source of nutrients and algal growth in aquatic
ecosystems. Shallow lakes, shallow parts of lakes
Wind-generated waves and boat wakes stir up and rivers, and channels connecting lakes are the
sediments in shallow water areas. Unprotected most susceptible to impacts. Depth of impact varshorelines can erode and contribute suspended ies depending upon many factors including boat
particles to the water. These shoreline and shallow size, engine size, speed, and substrate type. Few
water impacts contribute to turbidity and can impacts have been noted at depths greater than 10
block out sunlight and affect photosynthesis.
feet (Asplund 2000).
A 1998 study conducted by Larson and
Buktenica found that when the lake surface was
HELP STOP THE SPREAD OF
calm and skies were clear or had high haze,
INVASIVE SPECIES
differences between descending and ascending
Secchi observations decreased slightly with Wisconsin law requires that you:
3 Inspect your boat, trailer and equipment.
increased disk depth. Waves from tour boats, q
3 Remove any attached aquatic plants or animals
drops of water from the research vessel, and wind q
(before launching, after loading and before transgenerated ripples and chop decreased disk readings
porting on a public highway).
as much as 5 meters relative to readings recorded
3
all water from boats, motors and all equipwhen the lake surface was calm. Furthermore, q Drain
ment
documenting the variation caused by slightly
3 Don’t move live fish away from a waterbody.
q
disturbed lake surface conditions relative to calm
3
minnows from a Wisconsin bait dealer and
surface conditions and among trained observers q Buy
USE leftover minnows only under certain condiensures consistent interpretation of the long-term
tions* (See fishingwisconsin.org for more information.
data (Larson and Buktenica 1998).
In
addition
you can:
The distance of the observer from the water
3 Rinse boat and equipment with hot or high pressurface, weather conditions, waves, the height of the q
sure water and dry for at least five days.
sun on the horizon, and glare at the water’s surface all
3
affect your Secchi disk reading. CLMN monitoring q Learn to easily recognize Eurasian water-milfoil.
Monitor boat landings, marinas, and inlets on
protocols are set up to make sure that lake data is
a regular basis for the first sign of an invasion.
Report new sightings to your nearest Wisconsin
comparable and to eliminate as many extenuating
DNR office.
circumstances as possible.
3
q Work with your local lake association to develop

W

an aquatic plant management program for your
lake including contingency plans in case Eurasian
water-milfoil is found in the lake.

3 Dispose of unwanted live bait in the trash.
q
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