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Abstract—Lake herring Coregonus artedi are, or have been, present in at least 153 lakes in
Michigan. A large fraction (49%) of the lakes are in a band across the southern part of the state
extending from Oakland County southwest to Cass County, in moraines left by the Wisconsin
glacier. Many of the remaining herring lakes are in counties contiguous to the Great Lakes; few
are found in interior counties. Although herring lakes vary in size between 20 and 18,770 acres,
three-fourths of them are larger than 100 acres. Most of the lakes are oligotrophic and 79% have
alkalinities of 105 ppm or greater. The status of the herring populations is unknown in 51 of the
lakes. In the remaining 102 it was judged that the population is stable in 80 lakes, declining in 8,
and extirpated in 14. Of the latter, it appeared extirpation of herring was caused by habitat
deterioration in 6 lakes, competition or predation from other fishes in 4, treatment of the lake with
a fish toxicant in 1, and unknown in 3. All herring lakes in Michigan should be protected from
eutrophication and any proposed fish introductions should be evaluated.

The lake herring or cisco Coregonus artedi
is widely distributed in northern North America
from upper Mississippi River and Great Lakes
basins north to Labrador and northwest to
Mackenzie River drainage. It occurs mainly in
lakes but also in large rivers and coastal waters
of Hudson Bay (Lee et al. 1980). The southern
most populations occur in Michigan and
Indiana. The lake herring, a member of the
trout family, is a slender, silvery fish usually 8
to 12 inches in length. It requires cool, well
oxygenated water and is normally found in a
water layer where the temperature is 20°C or
less and the dissolved oxygen is 3.0 mg/l or
more. Frey (1955) called this the "cisco layer."
McLain and Magnuson (1988) have defined this
layer with a lower temperature (17°C) and a
higher oxygen concentration (4 ppm). Maturity

is usually attained at age 3 or 4 and some
individuals may live for 12 years or more.
Spawning takes place in shallow water in late
fall or early winter. Corresponding to its
pelagic  habitat, it mainly  consumes
zooplankton. Scott and Crossman (1973) and
Becker (1983) provide excellent life history
summaries.

In Michigan, the lake herring is classified as
a threatened species (Bailey and Smith 1991).
However, no systematic effort has been made to
evaluate its status in Michigan's inland lakes
although in Great Lakes waters its abundance
has been monitored frequently (Fleischer 1992).
The objective of this study was to tabulate the
lakes in Michigan which have, or had, a lake
herring population and determine if each
population was stable, declining or extirpated.



Methods

The names and locations of lakes containing
lake herring populations were obtained from
several sources: the collection records from the
Fish Division, Museum of Zoology, The
University of Michigan; the gill-netting records
for 1886-1892 of the Michigan Fish
Commission entitled "Examination of Interior
Lakes"; the files on fishing regulations from the
Fisheries Division, Michigan Department of
Natural Resources (MDNR) where in the past
many lakes containing lake herring were listed
as open to fishing with gill nets during the fall;
the lists and notes compiled by district fishery
biologists of the MDNR; and the files, notes and
memories of other agency and academic fish
biologists in the state of Michigan. For this
analysis, only records in which lake herring
were identified by a person with recognized
taxonomic skills were considered valid.
Although many lakes reported as containing
herring in the Michigan Fish Commission
records of the late 1800s were accepted, twelve
lakes were rejected because subsequent netting
did not capture any herring. Identification was
questionable in many of these early records. In
more recent records, lake herring have been
reported present in several lakes where no actual
specimens have been recorded; these records
have been discarded. Also the fish populations
of many Michigan lakes, especially private
ones, have not been adequately sampled and are
essentially unknown. Listed for each lake by
county was: name, location (town, range and
section), year of first and last capture of lake
herring, status of the population (either stable,
declining or extirpated), area and depth of lake,
oxygen-thermal classification, and alkalinity
(bound carbon dioxide) of the water. Most of
this information was obtained from the lake
survey files of the Fisheries Division, MDNR.
The oxygen-thermal classification follows
Schneider (1975) in which there are 6 types:

(1) Stratified lakes with at least 2 ppm
dissolved oxygen (DO) at all depths,

(2) Stratified lakes in which DO falls to 2 ppm
in the hypolimnion,

(3) Stratified lakes in which DO falls to 2 ppm
between the 5-foot level of the thermocline
and the top of the hypolimnion,

(4) Stratified lakes in which DO falls to 2 ppm
between the bottom of the epilimnion and
the 5-foot level of the thermocline,

(5) Unstratified lakes,

(6) Lakes subject to frequent severe, fish Kills
(DO falls to near zero throughout the lake).

Only 1 through 5 are applicable to the lake
herring lakes.

Status of the lake herring populations were
defined as follows: stable if after the initial
collection at least two samples were taken and
there was no significant decrease in catch per
effort; declining if more than two samples
suggested a decrease; and extirpated if more
than two samples failed to capture a lake
herring. Obviously these status ratings are
subjective. Lake herring are difficult to catch
because of their cold-water temperature
preference and pelagic habits. They are seldom
caught except in gill nets. In several lakes,
herring have not been captured in 20 or more
years, however, they were considered as stable
populations because either no netting had been
done, the sampling gear was inappropriate (trap
nets, electrofishing), or there were no reports of
herring die-offs in the files. In addition, I asked
each district fishery biologist to review my
ratings for the herring lakes under their
management and I corrected for their judgments
in the few cases necessary.

Results and Discussion

Lake herring are, or have been, present in at
least 153 lakes in Michigan (Table 1). There are
many private and public lakes which have not
been surveyed which presumably contain
herring. The extreme example is Oakland
County which with 16 has the largest number of
herring lakes per county in the state (Figure 1).
According to Humphrys et al. (1962), there are
175 lakes 25 acres or larger in Oakland County.
To date, about 92 of these lakes, or 53% of
them, have been adequately sampled. The
proportion of herring lakes (16) to lakes



surveyed (92) implies there may be another 14
lakes in the county with herring populations.
This fraction is probably too high to extrapolate
statewide, but suggests there are many lakes
containing herring not yet sampled. Lakes with
herring occur in 41 of Michigan's 83 counties.
A large fraction of the lakes, 49%, are in
southern Michigan in a band which extends
from Oakland County southwest to Cass
County. Dorr and Eschman (1970) identify
most of this band as an area of abundant kettle-
hole lakes in the moraines left by the retreating
Wisconsin glacier. Another group of herring
lakes are those in the counties contiguous to the
Great Lakes. These lakes were formed in
glacially scoured depressions by the receding
water level of the ancient Great Lakes. Few
herring lakes are found in the interior counties.
In the tabulation of herring lakes (Table 1) the
size varies between 20 and 18,770 acres. Of the
153 lakes, 23% are between 10 and 100 acres,
54% are between 100 and 1,000 acres, and 23%
are larger than 1,000 acres in size. Using
Humphrys et al. (1962) numbers for the size
distribution of all Michigan lakes, only 2% are
larger than 1,000 acres, 16% are between 100
and 1,000 acres, and 82% are between 10 and
100 acres. As might be expected, herring occur
more frequently in the larger lakes. Of the
1,120 lakes in Michigan larger than 100 acres,
about 10% are known to contain herring.

More than three-fourths of the lakes with
herring are classified as hardwater (Table 1).
Hooper (1956) used alkalinity to classify
Michigan lakes as follows: 0-19 ppm calcium
carbonate-very soft; 20-39 ppm-soft; 40-104
ppm-medium; and 105 and greater ppm-hard.
For the herring lakes, 6% were very soft, 2%
soft, 13% medium, and 79% hard. Schneider
(1975) found 20% of the 1,620 Michigan lakes
sampled were very soft, 8% soft, 25% medium
and 47% hard.

Judging from Schneider's (1975) oxygen-
thermal classification, more than half of the
herring lakes can be considered oligotrophic
with a large volume of cold, well oxygenated
water. For the herring lakes in Table 1, 13%
were oxygen-thermal type 1-- the coldest most
oxygenated lakes, 42% were type 2, 32% type 3,
7% type 4, and 6% type 5. Type 4, the warmest,

and least oxygenated type of stratified lake,
provides marginal habitat for lake herring
Type 5, the unstratified lakes, can also be
marginal depending upon climatic variations.

Of the 153 lakes containing herring the
population status was unknown in 51 or about
33%. For the remaining 102 lakes, 14 (14%) of
the populations were believed to be extirpated
and 8 (8%) declining. The lakes with extirpated
populations, and the apparent reasons for
extirpation, are given in Table 2. For those
lakes where the apparent reason for extirpation
could be identified, habitat deterioration (the
disappearance of the cisco layer) was presumed
in 6 lakes. In 4 lakes, it appears that predation
or competition most likely from rainbow smelt
Osmerus mordax in 3 lakes, or alewife Alosa
pseudoharengus in 1 lake, caused the demise of
the herring. One lake was treated with a fish
toxicant by MDNR as part of a fish management
plan, and in 3 lakes reasons for disappearance of
herring could not be identified. There did not
appear to be any relationship between herring
extirpation and lake size, depth, or alkalinity,
however, the oxygen-thermal classifications
usually reinforced the judgments of habitat
deterioration.

For those 8 lakes with declining popula-
tions, the reasons for the declines could not be
identified in 6 lakes. In the remaining 2 lakes,
the change in one was attributed to habitat
deterioration and in the other to a combination
of toxicant treatment and competition-predation.

Although trout have been stocked in many
herring lakes as a common fishery management
practice, in none of the lakes which have lost
herring was loss attributed to trout stocked.
Clady (1967) suspected a decline in the Birch
Lake herring population was related to stocked
rainbow trout Oncorhynchus mykiss, however,
in an earlier study Leonard and Leonard (1949)
concluded that trout were neither predators nor
competitors of herring in Birch Lake. Both
Christie (1974) and Crowder (1980) attributed
the decline of lake herring in the Great Lakes to
competition-predation  of rainbow  smelt.
Rudstam (1984) speculated the decline of her-
ring in Sparkling Lake, Wisconsin might be due
to the introduction of smelt but also noted the
establishment of walleye Stizostedion vitreum




and muskellunge Esox masquinongy populations
in the lake. Alewife can also be detrimental to
lake herring survival (Crowder 1980).

Management Implications

The lake herring in Michigan was
extirpated in 14% of the inland lakes where it
existed and declining in another 8%. Because
of the lack of sampling and the difficulty of
catching herring, these are undoubtedly minimal
estimates. However, the multiple, isolated,
inland lake populations are probably much more
viable than the Great Lakes populations. In
Michigan, the lake herring is classified as a
threatened species. This classification would
appear to be more applicable to the Great Lakes
where, the herring is considered threatened in
lakes Erie and Michigan, rare in Huron and
abundant only in Superior (Todd and Smith
1992), than in inland populations. The most
common cause of extirpation in inland lakes is
eutrophication with loss of the cisco layer.
Becker (1983) declared "the greatest challenge
to the management of cisco populations in
inland lakes is stopping or reversing the
eutrophication process.” The next greatest
cause of extirpation is introduction of smelt or
alewife into lakes which through competition
and/or predation is detrimental to herring.
Obviously, any lake with a herring population

should be protected from eutrophication and any
proposed fish introductions.  This species,
because of its sensitivity to temperature and
oxygen changes, is an excellent indicator of
environment deterioration from eutrophication
or climatic warming which could narrow the
cisco layer.
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Figure 1.—Geographic distribution of lake herring in Michigan: number of lakes containing

herring in each county is shown.
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