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ABSTRACT

In the Rainy Lake/Namakan Reservoir System in Voyageurs National Park,
Minnesota, annual water level fluctuations average 3.6 feet in Rainy Lake
and 9.3 feet in Kabetogama, Namakan, and Sand Point Lakes. To study the
effects of these fluctuations on littoral zone macrophytes, biomass
samples were obtained from eleven selected sites during the summers of
1982 and 1983. The data available as the result of these field studies
includes site characteristics and above-substrate biomass for each species
of plant in each of four 0.25 square meter quadrat samples of emergent,
floating-leaf, and submerged zone macrophytes at each site, Data were
examined in a comparison with previously published records of the effects
of ! uctuating water levels on aquatic macrophytes, by a standard analysis
of vcriance, in an adaptation of Morisita's Index of Community Similarity,
and by Detrended Correspondence Analysis. The picture which emerges
includes 'a number of inconsistencies but there is little to suggest that
the aquatic macrophytes in these four lakes are responding differentially
to the annual water level fluctuations., It is suggested that the
inconsistencies which occur might be explained on the basis of
inadequacies in the sampling effort and by the fact that there is no
ccnsistency in either the magnitute or timing of the annual water level
fluctuations,

To supplement vouchers included in the Olga Lakela Herbarium specimens
of both aquatic and terrestrial plants were obtained during the 1982 and
1983 field seasons. On the basis of the presently available record, the
VNP flora includes 602 species of vascular plants in 277 genera of 8§
families. The 1982-83 collections added 45 species to: the record
assembled by Olga Lakela in 1949-55 luding one species, Tillaea
aguaticg L., previously known in Min ota only from the extreme
southwest. The flora does not incluc. any species federally designated as
endangered or threatened. At the State of Minnesota level, however, twc
species in the VNP flora are listed as endangered (Littorella agmericana
Fern. rand Subularia aquatica L.) and one is listed as threatened (Carex
sterilis Willd.) The appended checklists include family name, common
name, collector, collection number, collection date, and collection
~c2-ion for each of the approximately 2900 vouchers.
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INTRODUCTION

In the relatively brief period since its establishment in 1975,
Voyageurs National Park has been the site of a number of étudies directed
toward an understanding of basic resources and potential management
problems. Included here have been inventories of resources and problems
associated with four potential public-use development areas, surveys of
attitudes of campers, resorters, and Minnesota residents vis-a-vis VNP,
and studies on the primary plant communities in the park. A brief review
of these studies is presented by Merriah and Kurmis (1981).

Aquatic ecosystems, of major significance in VNP have also been
examined but to a lesser extent. Of particular importance is the work of
Hargis (1981) on plankton communities in twenty-four lakes in the park.
Research underway includes studies of the (1) hydrology of the Namakan
Reservoir/Rainy Lake system, (2) fish communities, (3) shore and marsh
nesting birds, (4) benthic organisms, and (5) beaver and muskrat
communities. This ongoing research is the result of an aquatic research
action’plan added to the original VNP Management Plan in‘1982. The
studies reported in this paper are an additional aspect of the research
called for in the amended Management Plan (Kallemeyn, 1983).

In essence, the project has been directed toward three objectives:

1. Establishing permanent sites for quantitative studies on the
littoral zone macrophytes of the four lakes in the Namakan Reservoir/Rainy
Lake System, documenting present conditions in the littoral zone
macrophytes at these sites, and using the data obtained to examine the
problem of the effect of fluctuating water levels on the macrophyte

component of the littoral zone biota.



2. Development of a complete check list of the VNP flora based on the
collections of the late Dr. Olga Lakela in years 1949-55, supplementec by
collections made during the summers of 1982 and 1983 by>myself and my
assistants.

3. Preparation of a set of mounted specimens of vascular plants from

VNP to be used as reference material by the park staff.

STUDY SITE

Voyageurs National Park is located in extreme northern Minnesota, with
its western boundaries approximately ten miles east of International
Falls. Most of the 219,000 acres within the park are in St. Louis County
with the remainder in the adjacent Koochiching County (Fig. 1). Known
occasionally as the "water park", Voyageurs National Park is particularly
striking for the approximatély 85,000 acres of water included in its
boundaries. Ninety-five percent of this water occurs in Kabetogama,
Namakan, Sand Point, and Rainy Lakes which make up the Namakan Reservoir/
Rainy Lake System. The impact of these large lakes is heightened both
visually and biologically by the fact that the international boundary and
thus the parklboundary passes through Rainy, Namakan, and Sand Point
Lakes, placing most of Rainy Lake and about one-half of each of the other
two lakes in Canada. All of Kabetogama Lake lies within the park
boundaries.

Although shallow embayments are founc¢ throughout, especiafy along the
south and west shores ;f Kabetogama Lake, the lake shores are character-
istically rock-bound, often having cliffs which descend precipitously tc
well below the water surface. Islands of many sizes are common and the
careless boat operator is likely to become fouled on barely-submerged
rocky shoals in many places, this despite the fact that charted waters
include depths in excess of 60 feet in all but Kabetogama Lake.

2
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The area is characterized by a mid-continental climate with
temperatures ranging between extremes of -40°C and 3€6°C. The average
rainfall is 627 mm. (25 in.), close to half of which falls in June, July,
and August when thunderstorms are also frequent. (Kuehnast, 1972).

As is true of most of northeastern Minnesota, the park occurs on the
Precambrian Canadian Shield. This complex has been carved and modified by
several advances of glacial ice, the last of which, the Pleistocene,
retreated from the area about 10,000 vears ago. All of the lakes within
the park have been formed as a result 6f the erosive action of this
glacial activity on the softer materials in the bedrock complex. Rather
patchy and typically very shallow deposits of till were left in the park
area by this glacial activity. Bare or sparsely vegetated bedrock
exposures are frequent (Ojakangas and Matsch, 1982: Hobbs and Goebel,
1982).

With scarcely 10,000 years to develop, soils of the park are poorly
differentiated. Basically podzolic, the soils over most of the area are
light-colored, loamy, and well-drained. At the west end of the Kabetogama
Peninsula, the major land area in the park, conditions are more complex
with light-colored, clayey, well-drained and non-acid, organic soils
oredominating (Department of Soil Science, U. of MN., i877). The
iacustrine plain asociated with Glacial Lake Agassiz reaches the park only
in a presently swampy area immediately to the west and north of Tom Cod
Bay, in western Lake Kabetogama. Soils here are acidic and organic. Lake
Agassiz apparently did not have any other direct effect on the area

included in the park.



PART I

AN ANALYSIS OF THE EFFECT OF FLUCTUATING WATER LEVELS
ON
LITTORAL ZONE MACROPHYTES
OF THE
NAMAKAN RESERVOIR/RAINY LAKE SYSTEM

VOYAGEURS NATIONAL PARK, MINNESOTA



INTRODUCTION

In the general introduction to this report, reference was made to the
recently initiated research on aduatic ecosystems in Voyégeurs Natiocnal
Park. A major thrust in that research is expected to be the examination
of the biological effects of water level regqulation in Kabetocgama,
Ngmakaﬁ, Sand Point, and Rainy Lakes. The first three lakes are connected
by channels and make up what is known as the Namakan Reservoir in the
Némakan Reservoir/Rainy Lake System.

Water level regulation in these lakes is accomplished by a dam at the
outlet of Rainy Lake near International Falls, Minnesota and two dams on
the outlet of Namakan Reservoir in the Kettle Falls area. Because parts
of Rainy, Namakan, and Sand Point Lakes lie in Canada, the dams and lake
levels are regulated by the International Joint Commission. These dams
have been in place and operational since the early 1900's and are intended
to minimize the water level fluctuations on Rainy Lake. The effect of
this regulation has been an average annual water level fluctuation of 3.6
feet in Rainy Lake during the period, 1909-1980. During the same period,
fluctuations in the three lakes of the Namakan Reservoir have averaged 9.3
feet. "Natural" fluctuations for the same period have been calculated and
would probably have averaged 6.7 feet in Rainy Lake and 6.4 feet in
Namakan Reservoir. As presently requlated, water levels peak in mid-June
and remain stable through the late summer and fall. A gradual decline
begins in October with minimum levels occurring in April. Other large
lakes in the area show peak levels in June with gradual declines rather
than stable water levels through the summer and fall (Cole, 1982). The
biological impact of these departures from "normal" with respect to both

timing and magnitude of water level fluctuations is largely unknown.
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The water level fluctuations noted above may be expected to have
dirgct and indirect effects on all parts of a lake. The most obvious
impact, however, will be on the shoreward, shallow water area known as the
littoral zone. Characterized by rooted, aquatic, vascular plants, this
zone extends from the shore to the point where light penetrating to the
bottom is insufficient to permit growth of green plants. In a small lake
or pond, thé littoral zone may extend from shore to shore; in larger lakes
it_forms a étrip along the shore with the width of the strip determined by
the interaction of several factors including lake morphometry, water
transparency, and exposure to wind and waves. Shallow, protected bays
commonly support extensive littoral zone development; exposed points and
rocky shores where water depth increases rapidly often have little or no
littoral zone in evidence.

Where conditions are favorable, the littoral zone may be subdivided
into three segments, each characterized by the growth form exhibited by
the dominant vegetation. Along the shore and in shallow water, plants
such as Cattails (Typha), and Bullrushes (Scirpus) occur in what is called
the zone of emergent aquatics. In somewhat deeper water there is a
transition to the zone of floating-leaf aquatics characterized by plants
such as Water lilies (Nymphaea and Nuphar) and some species of Pondweed
(Potamogeton). This zone in turn gives way in deeper water to the zone of
submerged aquatics characterized by many species of Pondweed (Potamc-

geton), Coontail (Ceratophyllum), and Water milfoil (Myriophyllum). 1In

many lakes, Chara, a genus of algae, will occur at the outer limit of the
littoral zone as a whole.
Of the several factors which interact tc determine the extent of

littoral zone development, lake morphometry is clearly of critical



importance in a great many areas of the Namakan Reservoir/Rainy Lake
System. Shores characterized by steep-sided cliffs or large boulders will
have a littoral zone in the broad sense of that term butvthe potential for
colonization by plants and animals is extremely limited.

Where the shore slopes gradually toward deep water and where the lake
bottom is otherwise suitable, littoral zone developmen£ may be extensive
and conspicuous. In these situations, light is commonly cited as the
controlling factor with macrophyte growth expected at depths where
available light is as little as 1 to 4 percent of the average intensity at
the water surface (Sculthorpe, 1967). Although data on light transmission
in VNP lakes are too limited to justify major concern, Barko, et al.
(1982) suggest that Sculthorpe's values are too low and that from 5 to 10
percent of surface radiation is usually required for macrophyte growth.
For the lakes in question this translates to the expectation that
macrophyte growth would be limited to depths of about 3 meters or less.
This on the basis of the studies of Hargis (1981) who classified these
lakes as medium clarity lakes with values for percent of light
transmission through 1 meter of water ranging from 22 percent (Sand Point
Lake) to 30 percent (Kabetogama Lake).

Without discounting the importance of light, Spence (1982) in his
review of factors controlling macrophyte zonation argues convincingly for
the importance of wave action with its associated control over sediment
erosion and deposition. . The problem is complex and largely beyond the
scope of this study but includes the capacity of various macrophytes to
withstand the erosive effects of turbulence in shallow water, to outgrow
the sediment being deposited in deeper water, and survive the effect of
suspended sediment on light transmission. In his concluding discussion,

8



Spence postulates that wave action with sediment control will exert
primary control on macrophyte zonation in lakes where the macrophyte zone
lies largely or entirely within the wave-mixed zone. Such is probably the
situation on exposed shores of lakes in the Namakan Reservoir/Rainy Lake
System where the substrate is otherwise suitable for growth of
macrophytes. In sheltered bays with reduced wind and wave action, light
would probably exert primary control. For the lakes in question, the
entire issue is further complicated by the annual fluctuations in water
level. These fluctuations create a situation where, except in well
isolated bays, the entire midsummer littoral zone is subjected to wind -and
wave action for at least part of every growing season.

Exactly how this combination of factors may interact to control
zonation is an open question and beyond the scope of this study. Of
importance here is the fact that in Kabetogama, Namakan, and Sand Point
Lakes, the magnitude of the annual flucéuations is more than enough to
involve the entire littoral zone. 1In Rainy Lake with its lesser annual
fluctuations, the extent of the littoral zone affected:would be less but
still substantial.

The effect of fluctuating water levels on the biota of lakes and
reservoirs has been a subject of investigation since at least the early
1930's when the Tennessee Valley Authority began developing large
reservoirs. Many of the early studies were precipitated by the discovery
of the importance of marsh and aquatic vegetation as breeding sites for
malaria-carrying mosquitoes in the southeastern United States (Hinman,
1938). This early literature has been reviewed by Wood (1951) and most of
it is only peripherally related to the present study but mention should be

made of the paper by Penfound, Hall and Hess (1945) on the phenology of



marsh and aquatic plants of Alabama. This paper includes information on
the biology of several species of plants found in Voyageurs National Park
as well as some observations on the effects of fluctuatiﬁg water levels on
these species in Alabama reservoirs.

More recently, concern for the effects of fluctuating water levels has
shifted to problems of improved management of natural and artificial lakes
and other wetlands. Problems such as excessive macrophyte growth,
undesirable fish populations, and degenerating waterfowl management areas
have all been addressed to at least some extent by manipulating the water
level. The significance of these and related problems is clearly evident
from the volume of literature generated in their study as well as the
several annotated bibliographies and reviews published in the effort to
focus the issues (Dunst, et al., 1974; Good, et al., 1978; Whitlow and
Harris, 1979; Cooke, 1980; Triplett, et al., 1980; Ploskey, 1983; Allen
and Aggus, 1983).

Despite its volume, this literature presents a picture.of the effects
of fluctuating water levels that is far from clear. With respect to the
effects on macrophytes, problems include a scarcity of quantitative data
and frequent instances of conflict between the reports of individual
authors.

With full recognition of these and other problems, Cooke (1980) has
reviewed available data and presents the response of 63 taxa (55 species,
8 genera) of macrophytes-to drawdown. Thirty-eight of these taxa
(30 species, 8 genera) are known from one or more locations in the Namakan
Reservoir/Rainy Lake System. Unfortunately, the limited data available
leads to the situation where the effect of drawdown on many species (15 of

the 30 VNP species) is based on a single observation. This becomes a
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matter of considerable concern in view of the frequent lack of consistency
in the reports of effect on many species. The data presented by Cooke,
for example, show a consistent record for only € of the 21 taxa for which
there are 3 or more observations. The extent of the conflict is not
typically great (2 observations of an increase and 1 observation of no

change for both Polygonum coccineum and Potamogeton gramineus, for

exam?le) but it is clear that caution must be exercised in the utilization
of these data. The details of the record will be examined more completely
in later sections of this paper where they can be compared with our
observations in VNP.

This study is a part of the larger effort to examine the effects of
fluctuating water levels on the littoral zone biota of the Namakan
Reservoir/Rainy Lake System. - Our specific objectives have been:

1. To examine the effects of fluctuating water levels by comparing
the maximum, above-ground standing crop and species diversity of littoral
zone macrophytes at selected sites in each of the four large VNP lakes,
and

2. To obtain baseline data and establish permanent sites for the
purpose of lorig-term studies on the effect of fluctuating water levels on

littoral zone macrophytes in the same lakes.
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