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The Homogenizing of Minnesota Lake
Fish Assemblages
By Paul J. Radomski and Timothy J. Goeman

ABSTRACT
The loss of unique fish assemblages in Minnesota lakes was evaluated by comparing species presence in
historical and most-recent surveys of both stocked and unstocked lakes. Fish stocking resulted in greater
species richness but reduced fish assemblage diversity among stocked lakes. No significant changes
occurred among unstocked lakes. Short-term goals of additional fishing opportunities were partially
achieved through stocking by creating more opportunities to fish for walleye in more lakes. However, the
resulting loss of fish assemblage diversity within a local management area was apparently not considered.
Fisheries managers should consider the potential for loss of community diversity and preserve unique fish
communities where they still exist.

isheries biologists have initiated
steps to protect biodiversity by
counteracting forces acting on
imperiled species (Moyle and
Yoshiyama 1994; Warren and Burr
1994). However, other kinds of
diversity also need to be ad-
dressed, especially in management
areas with no endemic species.
Diversity can be defined two ways
(Cairns and Lackey 1992): a-diver-
sity (the number of species in a
specific area) and 3-diversity (the
turnover of species across space or
between-habitat diversity). Commu-
nity diversity, as measured by
P-diversity indices, refers to the
variability of communities within
a region.

Community diversity in natural
lakes is related to drainage pat-
terns, drainage connectivity, physi-
cal barriers to migration, local
species richness, habitat diversity,
and interspecific interactions (Bar-
bour and Brown 1974; Tonn and
Magnuson 1982; Minns 1989). In
addition, anthropic factors such as
species introductions, transfers,
and habitat alteration and degra-
dation also affect community
diversity.

Many human factors contribut-
ing to the loss of diversity are
beyond the control of the local
fisheries manager since many

problems relate broadly to human
culture and activities; other losses
stem from purposeful management
actions that may have unexpected
consequences. Fish stocking is one
such activity that has only recently
been evaluated in a broader eco-
logical context.

Stock transfers may decrease
genetic diversity within the recipi-
ent stock, which would reduce that
stock's adaptive capability (Philipp
et al. 1993). Fish stocking may have
effects on diversity beyond the
species' gene pool. Introductions
may harm diversity and stability of
fish communities by increasing the
rate of species immigration and
extinction (Magnuson 1976).

Our objective was to quantify
changes in fish assemblage diversi-
ty during a 50-year period when
central Minnesota lakes were
actively managed for recreational
fishing by the Minnesota Depart-
ment of Natural Resources (MDNR).
Additionally, we examined the
implications and broader ecologi-
cal effects on -diversity.

Methods
Lentic fish assemblages in the

Brainerd, Minnesota, area (Fig. 1)
were compared during two peri-
ods. Of the area's 300 natural lakes,
70% had been stocked. Fifty-four
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stocked lakes had a MDNR fish-
eries survey conducted from 1940
to 1955 and 1985 to 1992, with a
mean time between surveys of 43
years. The median number of years
stocked per lake between the earli-
est and most recent survey was 10
(range: 1-46). Most of the 54 lakes
also were stocked prior to being
surveyed; however, documentation
of stocking was poor before 1940.
Stocked lake differences in assem-
blage similarity and species rich-
ness between the two periods were
compared to differences in un-
stocked lakes between the first and
last surveys. Eighteen unstocked
lakes had at least two surveys,
with the mean time of 22 years
between the first and last survey.
Although the stocked lakes were
generally larger than the unstocked
lakes, the lakes had similar geo-
morphological characteristics.

The MDNR has been conduct-
ing fisheries surveys using stan-
dard experimental gill nets since
the late 1930s. Moyle and Burrows
(1954) and Scidmore (1970) docu-
mented the procedures for gill net
sampling. Gill nets of linen mesh
were used until the 1960s, after
which multifilament nylon gill nets
were used. The differences in catch
efficiencies between linen and
nylon gill nets varied by species
(Scidmore and Scheftel 1958); thus,
fish assemblage comparisons were
made using species presence and
absence. We compared the first and
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Minnesota

Fig. 1. The

study area
consisted of
lakes around

Brainerd the city of
Brainerd in
central
Minnesota.

last survey for both stocked
and unstocked lakes and as-
sumed that the standard sam-
pling, which involved similar
effort in both surveys, equally
defined species richness.

We calculated a matrix of
similarities among stocked
and unstocked lakes for each
period to test for changes in
P-diversity. We used Jaccard's
similarity index (Pielou 1984),
which ranges from 0 (no
species in common) to 1 (iden-
tical species lists). Significant
differences in similarity val-
ues (Wilcoxon rank sum test)
and species richness (number
of species; Wilcoxon signed
rank test) between periods
were examined.

To determine which
species maximized differ-
ences between periods in
stocked lakes, we constructed
null data sets. For the matrix
of presence/absence data
with rows representing lakes
in both periods (two rows for
each lake) and columns repre-
senting species, the null data
set and quantities of interest
were calculated as follows:
(i) shuffle the rows (a survey
for a lake) into a period
randomly, with half the sur-
veys in each period; (ii) for
each species, count the
number of lakes with species
present in each assigned peri-
od and calculate the differ-
ence between these two val-
ues; (iii) repeat steps i and ii
100 times and then for each

species determine the proba-
bility that the difference was
greater than or equal to (or
less than or equal to) the orig-
inal difference in the number
of lakes with the species pre-
sent between periods. In
other words, was the differ-
ence greater than random? In
addition, to test if the co-
occurrence of two species was
independent, we used the
chi-square test statistic. Cor-
relation analysis was used
to test for a relationship
between years of stocking
and species richness. The
level of significance for all
tests was P = 0.05.

Changes in the Fish
Assemblages

Changes in the distribu-
tion of similarity values
between periods represent
changes in diversity of com-
munities within an area.
Higher similarity values indi-
cate an increase in the pre-
dictability of species compo-
sition and the number of
ubiquitous species. The dis-
tributions of fish assem-
blage similarities between
periods were different for
stocked lakes (P < 0.05; Fig. 2)
but not for unstocked lakes
(P > 0.05). For stocked lakes,
fish assemblages were more
similar in the recent period
than they were earlier. The
decrease in P-diversity coin-
cided with extensive fish
stocking.

Species richness was sig-
nificantly greater in the
recent surveys for stocked
lakes (P < 0.05). No signifi-
cant difference was found in
species richness between
surveys in unstocked lakes
(P > 0.05). Most stocked lakes
increased their richness by
one to three species (Fig. 3).
Recent species richness in
stocked lakes was positively
correlated with the number of
years stocked (P < 0.05, Fig. 4).
The more often a lake was
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Fig. 2. Fish assemblage similarities were derived for 54
stocked lakes and 18 unstocked lakes in first and last sur-
veys. Data are median (solid horizontal line), 25th and
75th percentiles (box), 10th and 90th percentile (capped
vertical lines), and 5th and 95th percentile points (circles).

stocked, the greater the chance
it had high species richness.
Also, partial correlations of
the number of years stocked
with the number of species
gained between surveys and
the difference in species rich-
ness between surveys, con-
trolling for the effect of lake
surface area, were signifi-
cant (P < 0.05).

Simulation results were
used to determine which
species contributed most to
the differences in fish
assemblage similarity and
cnprip rirhness in tnrledA
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Fig. 3. Stocked lakes were evaluated by changes in
species richness between time periods.
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Fig. 4. Number of years stocked between surveys was co:
pared to species richness at last survey for 54 lakes.

lakes. Results from the simulati(
indicated that six species were
significantly more common
recently, and one species was le!
common (P < 0.05, Fig. 5).
Walleye (Stizostedion vitreum),
bullhead (Ictalurus spp.), bluegil
(Lepomis macrochirus), and carp
(Cyprinus carpio) were more like
to be present in a stocked lake
now than in the 1940s, and bowfi
(Amia calva) were collected less
often than before. Walleye are a
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Fig. 5. Species presence in first survey (x-axis) was plottE
against the last survey (y-axis) for stocked lakes. Signific
differences of the following species were noted: BLG =
bluegill, WAE = walleye, YEB = yellow bullhead, BRB =
brown bullhead, BLB = black bullhead, BOF = bowfin, an
CAP = carp. Points above the line correspond to an increi
in occurrence and points below the line to a decrease in
species occurrence.

favorite sportfish in the area and
were stocked in most lakes. Wall-
eye are typically raised to finger-
ling size in natural ponds and
then harvested and stocked into
area lakes. Using this technique,
there is a substantial, though
undocumented, transfer of
nontarget species, including icta-
lurids and centrarchids (Tim
Rosinger, MDNR, personal com-
munication). In these lakes, wall-
eye and black bullhead (Ictalurus
melas) were significantly associat-
ed with each other (P < 0.05).

Fisherie. Management
50 Objectives and

Implications
m- An implicit objective of inland

recreational fisheries manage-
ment is better angling or at least

on more angling opportunity (Heid-
inger 1993). The last 50 years of
stocking in central Minnesota

ss lakes likely had this same objec-
tive, though no explicit histori-
cal documentation is available.

i1 Although fish management agen-
cies probably attempted to in-

ly crease (x-diversity, we doubt that
they specifically attempted to

in decrease -diversity. However,
the cumulative effects of several
decades of fisheries management
with an emphasis on stocking
resulted in changes beyond those
original objectives. Because man-
agement in this area was not
unique in the state or the region,
P-diversity has probably
decreased across a large geo-
graphical area.

The association between
changes in fish assemblage diver-
sity and stocking does not con-
clusively prove cause-and-effect.
Other pressures-development,
bait bucket discharges, pollution,
habitat alteration, and eutrophi-
cation-have also occurred in the

60 area, but these pressures were
similar in both stocked and un-
sd stocked lakes. Although stressed

ant ecosystems may be less resistant
to species invasions (Pimm and
Hyman 1987), our results suggest

Ad that extensive, well-intentioned
ase fish transfer played an impor-

tant role in this homogenizing

process. Magnuson (1976) also
cited stocking as a major factor in
altering species richness in Lake
Wingra, Wisconsin. His discus-
sion of island biogeography
indicated that human actions
would reduce the isolation of
lakes. In Minnesota, this reduced
isolation translated to fewer
unique fish assemblages.

The broad objective of stock-
ing to produce better fishing was
partially successful. Walleye
stocking provided some addition-
al recreational fishing opportuni-
ty, but only a small portion of
Minnesota's total walleye harvest
(roughly 4%) can be attributed to
any stocking (Dennis Schupp,
MDNR, personal communica-
tion). The underlying question is
whether this increase in harvest
and fishing opportunities justified
broad changes in fish communi-
ties and the loss of P-diversity.

We suspect that highly visible
and widespread stocking pro-
grams have altered angler expec-
tations (Hudgins and Davies 1984;
Spencer 1993). This could explain
the constant public demand for
walleye stocking in Minnesota,
even in lakes not well-suited for
such management. Even close
proximity to excellent natural
walleye lakes does not satiate the
desires of many anglers for more
walleye stocking in their favorite
lakes. This demand has been cre-
ated by historical management
practices. Many recreational
anglers are neither aware of nor
concerned about a loss in -diver-
sity. Rather, extensive stocking
has clouded public understanding
of the more beneficial resource
management priorities such as
habitat protection and restora-
tion. For many anglers, high-pro-
file activities such as stocking
appear more important than less
visible but more effective long-
term initiatives.

The cost of providing addi-
tional opportunity and a small
increase in harvest has never
been fully assessed in Minnesota
and likely is not possible. The cal-
culated cost of US$0.24 per wall-
eye fingerling (Paul J. Wingate,
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MDNR, personal communication)
accounts only for immediate produc-
tion and stocking costs and does not
consider more long-term ecological
consequences nor the value of diversi-
ty. Typically, ecological values are diffi-
cult to quantify and are often ignored
because they cannot be placed on a
cost-benefit balance sheet. However,
our results demonstrate that potential
changes in fish community diversity
within a management area should be
considered when planning stocking
activities. Fisheries managers should
consider the value of -diversity (i.e.,
unique lakes) and be cognizant of man-
agement activities that may irreversibly
alter this diversity. This is not a call for
fisheries managers to stop stocking but
to preserve unique fish assemblages
where they still exist. 4
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