Graphing summer Secchi transparency measurements allows us to show the variation (due mainly to changes
in the amount of algae) in Secchi transparency within a single year of data collection. Averaging this data
yields a summer mean value (Table 1). The 1992 summer mean Secchi value for Island Lake is 5.4 feet. This
summer mean can also be used to determine the TSI (Trophic State Index) for that year. The standard
deviation and standard error are estimates of the variation in the individual measures and are useful for
comparing means from different years.
FIGURE 1. —Secchi transparency trend detection example. (Noted as Fig. 4 in text of report)

FIGURE 1. —continued

For each summer that a lake is monitored, a summer mean Secchi value can be calculated. Graphing summer means
(+ the standard error) for each year allows us to show variation in Secchi transparency from year to year. Comparing
means (± standard error) between years is a simple way to determine if there are significant differences in Secchi
transparency between years. A long-term mean is calculated by averaging Secchi data from all years (Table 11). The
long-term mean Secchi for Island Lake is 6.2 feet. The summer mean Secchi values and long-term mean are also
useful in correlation coefficient ranking (Kendall’s tau-b test) and the detection of water quality trends via residual
values. Kendall’s tau-b is a statistical test which has been used for assessing trends in Secchi transparency over time.
It is a nonparametric procedure that computes correlation coefficients between variables, in this case mean Secchi
transparency over time.

FIGURE 1. —continued

Residual values are useful in examining the yearly and long-term flucuations of Secchi transparency within an
individual lake. The residual values are calculated by subtracting the long-term mean from each summer mean
Secchi value (Table III). These values can be graphed and statistically analyzed to determine if there is a long-term
trend or any patterns over time. For Island Lake, no long-term trend is evident (consistently increasing or decreasing
values over time). However, a cyclical pattern, possibly related to patterns in precipitation and runoff, is evident.
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Table 1. Basic Characteristics of Aquatic Vegetation in Minnesota Lakes
EMERGENTS
Cattail (Typha sp.)
Three species of cattail are found in Minnesota. They are similar in appearance and habitat, favoring muck or silt bottom soils in areas protected from wind and ice
movements.
Bulrush and reeds (Scripus sp., Eleocharis sp.)
A number of species are included within these two genus in Minnesota. Characterized by triangular or smooth, round stems, and lacking typical leaves, they are
found on both hard and soft bottom types.
Giant Reed Grass (Phhragmites astralis)
Striking for its tall size and large, fluffy seed head; Phragmites are usually found on wet soils or very shallow water.
Wild Rice (Zizania palustris)
Familiar to many, wild rice is found on very soft bottoms in lakes with both inlets and outlets.
Lily Pads (Nymphaea, Nuphar sp.)
The characteristic floating leaf is familiar to most lake residents. Lily pads favor protected areas over soft muck or silt bottoms. Five species are found in Minnesota.
Bladderwort (Utricularia sp.)
Four species are found in Minnesota, nearly always on very soft bottoms in shallow protected areas. Characterized by the small “bladders” attached to the leaves.
Coontail (Ceratophyllum demersum)
Rarely achieves dense growth except in shallow soft bottom areas. However, it may be found mixed with other deep water plants.
Milfoil (Myriophyllum sp.)
At least five species of milfoil are native to Minnesota. Leaf characteristics are remarkably similar, varying primarily in size. Found on most bottom types except
sand, it rarely extends into the deep submergent zone.
Eurasian watermilfoil (addressed with exotic species)
Large Leaf Pondweeds (Potamogeton sp.)
Called “cabbage” by anglers, this group includes four species native to Minnesota and one exotic - Curley Leaf Pondweed (P. crispus). Found on firm to soft
bottoms, these plants will range from shallow water, well into the deep submergent zone when water clarity allows.
Narrow Leaf Pondweeds (Potamogeton sp.)
This group is recognized by its linear, grass-like leaves that range in width from less than a millimeter to nearly 1/2 inch. With fifteen species native to Minnesota,
these pondweeds can be extremely difficult to differentiate. They are similar to the large leaf pondweeds in their habitat preferences.
Wild Celery (Vallisneria americana)
Famous as the preferred food of migrating canvasback ducks, wild celery is often found mixed with other plants in both the shallow and deep water submergent
zones of central Minnesota lakes with good water clarity.
Musk grass (Chara sp.)
These unique plants are actually algae with the growth form of rooted vascular plants. They are often found on shallow sandy soils or the outside of deep water
weed lines.
Duckweed (Lenina sp.)
Most common and abundant of all duckweeds. Forms extensive surface mats.

Table 2.

Table 3. Midwest Aquatic Exotics
Common carp (Cyprinus carpio) are domesticated ancestors of a wild form native to the Caspian Sea region and east Asia. Carp degrade shallow lakes by causing
excessive turbidity which can lead to declines in waterfowl and important native fish species.
Sea lamprey (Petromyzon nzarinus) are predacious, eel-like fish native to the coastal regions of both sides of the Atlantic Ocean. They entered the Great Lakes
through the Welland Canal about 192 1. They contributed greatly to the decline of whitefish and lake trout in the Great Lakes.
Rusty crayfish (Orconectes rusticus) are native to streams in the Ohio, Kentucky, and Tennessee region. Spread by anglers who use them as bait, rusty crayfish are
prolific and can severely reduce lake and stream vegetation, depriving native fish and their prey of cover and food. They also reduce native crayfish populations.
White perch (Morone americana) are native to Atlantic coastal regions and invaded the Great Lakes through the Erie and Welland canals. Prolific competitors of
native fish species, white perch are believed to have the potential to cause declines of Great Lakes walleye populations.
Flowering rush (Butontus umbellatus) is a perennial plant from Europe and Asia that was introduced in the Midwest as an ornamental plant. It grows in shallow
areas of lakes as an emergent, and as a submersed form in water up to 10 feet deep. Its dense stands crowd out native species like bulrush. The emergent form has
pink, umbellate-shaped flowers, and is 3 feet tall with triangular-shaped stems.
Curly-leaf pondweed (Potamogeton crispus) is an exotic plant that forms surface mats that interfere with aquatic recreation. The plant usually drops to the lake
bottom by early July. Curly-leaf pondweed was the most severe nuisance aquatic plant in the Midwest until Eurasian watermilfoil appeared. It was accidentally
introduced along with the common carp. It has been here so long that most people are not aware it is an exotic.
Zebra mussel (Dreissena polyntorpha) are small, fingernail-sized mussels native to the Caspian Sea region of Asia. Tolerant of a wide range of environmental
conditions, zebra mussels have now spread to parts of all the Great Lakes and the Mississippi River and are showing up in inland lakes. Zebra mussels clog waterintake systems of power plants and water treatment facilities, and the cooling systems of boat engines. They have severely reduced, and may eliminate, native
mussel species. Diving ducks and the freshwater drum eat zebra mussels, but will not significantly control them. Microscopic larvae may be carried in livewells or
bilgewater. Adults can attach to boats or boating equipment that sit in the water.
Ruffe (Qymnocephalus cernuus) is a small European member of the perch family that is native to central and eastern Europe. It was introduced to the Duluth
harbor, probably in tanker ballast water, around 1985, and is spreading to other rivers and bays around Lake Superior. In Europe, the ruffe is a pest species in newly
invaded areas. In a Scottish lake it displaced the native perch population, and in lakes in Russia it has significantly reduced whitefish populations. In the St. Louis
River near Duluth, populations of yellow perch, emerald shiners and other forage fish caught in survey trawls have declined dramatically as numbers of ruffe have
increased. Ruffe rarely grow bigger than 5 inches, although the sharp spines of their gill covers, dorsal and anal fins make them difficult for larger fish to eat. Ruffe
could be accidentally transported in livewells, bilge water, bait buckets, and in the ballast water of Great Lakes freighters.
Spiny water flea (Bythotrephes cederstroemi), or”B.C.,”is not an insect at all, but a tiny (less than half an inch long) crustacean with a long, sharp, barbed tail
spine. A native of Great Britain and northern Europe east to the Caspian Sea, the animal was first found in Lake Huron in 1984. Since then, populations have
exploded and the animal can now be found throughout the Great Lakes and in some inland lakes. No one is really sure what effect spiny water fleas will have on the
ecosystems of the Great Lakes region. But resource managers are worried, because the animals may compete directly with young perch and other small fish for
food, such as Daphnia zooplankton. High numbers would not pose a problem, if spiny water fleas were heavily consumed by predators. But its sharp spine makes it
extremely hard for small fish to eat, leaving only some large fish to feed on them. As a result, spiny water flea populations remain high while populations of
plankton, which they eat, have declined. Spiny water flea eggs and adults may wind up unseen in bilge water, bait buckets, and livewells. Also, fishing lines and
downriggers will often be coated with both eggs and adults.
Eurasian watermilfoil (Myriophyllum spicatunt) was accidentally introduced to North America from Europe. Spread westward into inland lakes primarily by boats
and also by waterbirds, it reached Midwestern states between the 1950s and 1980s. In nutrient-rich lakes, it can form thick underwater stands of tangled stems and
vast mats of vegetation at the water’s surface. The plant’s floating canopy can also crowd out important native water plants. A key factor in the plant’s success is its
ability to reproduce through stem fragmentation and underground runners. A single segment of stem and leaves can take root and form a new colony. Fragments
clinging to boats, trailers and weed harvesters can spread the plant from lake to lake. Removing native vegetation creates perfect habitat for invading Eurasian
watermilfoil. Eurasian watermilfoil has difficulty becoming established in lakes with healthy populations of native plants. In some lakes the plant appears to coexist
with native flora and had little impact on fish and other aquatic animals. Milfoil may become entangled in boat propellers, and may wrap around other external parts
of the boat. Stems can become lodged among any watercraft apparatus or sports equipment that moves through the water, including boat trailers.
Purple loosestrife (Lythruni salicaria) is a wetland plant from Europe and Asia. It was introduced into the east coast of North America in the 1800s. First spreading
along roads, canals and drainage ditches, then later distributed as an ornamental, this exotic plant is in 40 states and all Canadian border provinces. Purple loosestrife
invades marshes and lakeshores, replacing cattails and other wetland plants. The plant can form dense, impenetrable stands which are unsuitable as cover, food, or
nesting sites for a wide range of native wetland animals including ducks, geese, rails, bitterns, muskrats, frogs, toads, and turtles. A major reason for purple
loosestrife’s expansion is a lack of effective predators in North America. Several European insects that only attack purple loosestrife are being tested as a possible
long-term biological control of purple loosestrife in North America.

Table 4. Benthic macroinvertebrate pollution tolerance.
POLLUTION INTOLERANT ORGANISMS
Stoneflies (Order Plecoptera)
Alderflies (Order Megaloptera, Family Sialidae)
Dobsonflies (Order Megaloptera, Family Corydali4dae)
Snipe Flies (Order Diptera, Family Athercidae)
MODERATELY POLLUTION INTOLERANT ORGANISMS
Caddisflies (Order Trichoptera)
Mayflies (Order Ephemeroptera)
Riffle Beetles (Order Coleoptera, Families Elmidae and Dryopidae)
Water Penny (Order Coleoptera, Family Psephenidae)
Damselflies (Order Odonata, Suborder Zygoptera)
Dragonflies (Order Odonata, Suborder Anisoptera)
Crane flies (Order Diptera, Family Tipulidae)
Fingernail Clams and Mussels (Class Biualvia)
FAIRLY POLLUTION TOLERANT ORGANISMS
Black flies (Order Diptera, Family Simuffidae)
Midges (Order Diptera, Families Ceratopogonidae and Chironomidae)
Sowbugs or Aquatic Pill Bugs (Order Isopoda)
Scuds and Sideswimmers (Order Amphipoda)
Right-handed and Other Snails (Class Gastropoda)
VERY POLLUTION TOLERANT ORGANISMS
(Especially tolerant to low dissolved oxygen and high nutrient pollution.)
Aquatic worms (Phylum Annelida, Class Oligochaeta)
Leeches (Phylum Annelida, Class Hirudinea)
Pouch and Left-handed Snails (Class Gastropoda, Family Physidae)
Blood Worm Midges (Order Diptera, Family Chironomidae, Genus Chironomus)
(Taken from Citizen Stream Monitoring: A Manual For Illinois)

Table 5. Precipitation summary. Map depicts one use of data.

Table 6.

Table 7.

Table 8. Lake and Watershed Data Summary Table

Table 9. Lake water quality data summary table.

Table 10. Ecoregion Lake Data Base Water Quality Summary (Summer Average Water Quality Characteristics
for Lakes by Ecoregion)*

Table 11. Minimal and desirable design for tributary monitoring. Taken from Walker (1986).
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