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EXECUTIVE SUMMARY 

Overview. With the establishment of Voyageurs National Park in 1975, the 
National Park Service became one of many interest groups concerned with the 
regulation of Rainy Lake and the Namakan Reservoir lakes, which are a part of 
the larger Lake of the Woods watershed. Lake levels in these bodies of water 
are controlled by a single hydropower facility and two small regulatory dams 
that are located outside Voyageurs boundary. The water regulatory system, 
which is controlled by the International Joint Commission, uses larger than 
natural fluctuations in lake levels on Namakan Reservoir to maintain less than 
natural fluctuations on Rainy Lake. The timing of the fluctuations is also 
different under the regulated system. Regulated lake levels on the Namakan 
Reservoir lakes usually peak in late June or early July rather than late May 
or early June as they did prior to dam construction. They then remain stable 
on both Rainy Lake and Namakan Reservoir throughout the summer rather than 
gradually declining. 

The park's enabling legislation directed the NPS to work within the 
established water regulatory system while preserving the scenery, natural and 
historic objects and wildlife, and providing for the enjoyment of same in ways 
that leave them unimpaired for future generations. Due to concerns about the 
effects of regulated lake levels on Voyageurs aquatic biota, the Service 
initiated an extensive research program. Recognizing that a variety of 
interest groups must be accommodated, the Service also developed a method for 
evaluating alternative regulatory programs. 

The research program at Voyageurs consisted of two principal components. The 
first assessed the effects of the present water management program on the 
park's aquatic ecosystem. The second developed a hydrological model to assess 
the effects of alternative regulatory programs on power generation or other 
public purposes. Research studies were conducted on: (1) aquatic vegetation 
and benthic organisms; (2) the fish community, particularly walleye, yellow 
perch, and northern pike; (3) shore and marsh nesting birds, particularly the 
common loon and red-necked grebe; (4) beaver and muskrat; (5) osprey; (6) 
river otter; (7) primary production; (8) archeological resources; and (9) the 
relationship between lake levels and boat docks, navigation, flood control and 
power production. 

Environmental Consequences. The studies revealed that these species and 
biological communities TrT Voyageurs were adversely affected by the present 
water management program. They were especially impacted by the greater than 
natural water level fluctuations that occur on the Namakan Reservoir lakes. 
The plants and animals have been unable to adjust to the changes in the 
magnitude and timing of lake level fluctuations since the dams were 
constructed, and in particular to the water management program that has been 
used since 1971. 

Negative impacts on Voyageur's aquatic ecosystem occurred throughout the year 
with those that occurred in a particular season frequently the result of a 
combination of water level conditions that occurred in previous seasons. For 

i 



example, high stable summer and early fall water levels contribute to spring 
spawning problems by causing potential vegetative and wave washed gravel 
spawning substrates to develop at relatively high elevations. This in 
combination with a large winter drawdown makes their flooding the following 
spring difficult, particularly in low runoff years. Thus, while poor spawning 
conditions are usually blamed on the low spring water levels, they are 
actually the culmination of a series of water management actions that occurred 
throughout the year. Similar interactions were observed for the other 
organisms that were studied in the park. 

Most of these biological problems could be overcome by implementation of a 
water management program that more closely approximates the magnitude and 
timing of natural fluctuations in lake levels with which these species 
evolved. Obviously, complete restoration of natural conditions in the park is 
not possible due to the presence of the dams and the requirements of other 
water users. Development of an alternative water regulatory program that is 
more ecologically sound is possible, however, given our understanding of the 
relationships between water levels and various biological factors. 

Alternative Rule Curve Assessment. Results from the research studies and the 
scientific literature were used to develop and evaluate eleven alternative 
regulatory systems using the hydrological model. These results indicate the 
adverse effects from the present water management program can be reduced by 
implementing a program that more closely approximates the magnitude and timing 
of natural fluctuations in lake levels. Implementation of such a program can 
be accomplished without seriously conflicting with other authorized water 
uses. After evaluating these eleven alternatives with respect to their 
impacts on Voyageurs' natural and cultural resources, boat docks, hydropower 
production, navigation, and flood control, the National Park Service believes 
that Alternative ID will best meet the needs of all water users. 

Under Alternative ID lake levels in Rainy Lake would follow the upper level of 
the 1970 Rule Curve except on May 1 when there is a slight increase. This 
results in a slightly earlier rise in spring water levels and causes the 
annual fluctuation to be reduced by 0.3 m (1.0 ft). On Namakan Reservoir the 
maximum water level remains the same as under the 1970 Rule Curve while the 
minimum level is raised by 1.2 m (3.9 ft), thus causing the total fluctuation 
to be reduced to 1.8 m (5.9 ft). There is a summer drawdown of 1.1 m (3.6 ft) 
and a winter drawdown of 0.5 m (1.6 ft). Lake levels on Namakan during 
spawning season are raised by approximately 1.2 m (3.9 ft). They are also 
relatively stable in June. 

Alternative ID will restore more natural conditions on Namakan Reservoir but 
not on Rainy Lake. Restoration of these conditions would have a favorable 
affect on the reservoir's plant and animal associations since they evolved in 
an environment affected by fluctuating water levels. They would increase 
walleye and northern pike spawning habitat, reduce the impacts of winter 
drawdown on beaver, muskrat, and benthic organisms, and provide better nesting 
conditions for loons and other shore and marsh nesting birds. Lake levels and 
lake level fluctuations on Rainy Lake would not approximate natural conditions 
since they would be similar to those called for in the 1970 Rule Curve. There 
would, however, be an earlier spring rise which should improve conditions for 
fish spawning and wild rice. 
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The biological gains associated with this alternative can apparently be 
accomplished without serious conflicts with other authorized water uses. On 
the basis of the hydrology simulation results, hydropower production from 
Rainy Lake may Increase while conditions for navigation and flood control 
would remain approximately the same. The summer drawdown on Namakan Reservoir 
would Improve flood control conditions in late summer and fall but it would 
also have an adverse affect on navigation and boat dock useability. To 
overcome this situation would require either reducing the magnitude of the 
summer drawdown or altering some docks so that they are useable at lower water 
levels. 

At the present time, restoration of more natural hydrological conditions on 
Rainy Lake, particularly a summer drawdown, results in unacceptable losses of 
hydropower production. If the upgrading proposed for the turbines at the 
International Falls Dam occurs, consideration should be given to implementing 
either Alternative L7 or L8 since they would provide more natural hydrological 
conditions and cause biological conditions to improve significantly on both 
Namakan Reservoir and Rainy Lake. 
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INTRODUCTION 

Voyageurs National Park, which Is located along the Minnesota-Canadian border, 
was established in 1975 to preserve for present and future generations the 
outstanding scenery, natural and historic objects, and wildlife that occur 
along a portion of the historic fur trade route of the park's namesake, the 
voyageurs (PL 91-661) (Figure 1). The park encompasses 88,628 hectares 
(219,000 acres) of which approximately 34,400 hectares (85,000 acres) or 39% 
Is covered by water. Kabetogama Lake and those portions of Namakan, Sand 
Point, and Rainy Lakes that H e within the park comprise 96% of the water 
area. The latter three lakes are all international boundary waters shared with 
Canada. In addition to the four large lakes, there are 26 smaller, interior 
lakes as well as numerous small beaver ponds. 

The U. S. Congress, in establishing the park, directed that it be administered 
in accord with the Act of August 25, 1916 (39 Stat. 535), which established 
the National Park Service. The 1916 Act calls for the park to conserve its 
scenery, natural and historic objects and wildlife, and provide for the 
enjoyment of same in ways that leave them unimpaired for future generations. 

The Congress, however, also directed (PL 91-661, Sect. 304) that nothing in 
the establishing legislation should be construed to affect the provisions 
regarding the September 15, 1938 Convention Between the United States and 
Canada on Emergency Regulation of Level of Rainy Lake and of Other Boundary 
Waters in the Rainy Lake Watershed (54 Stat. 1800). This convention, which 
was finally ratified on October 3, 1940, empowered the International Joint 
Commission (IJC) "to determine when emergency conditions exist in the Rainy 
Lake watershed, whether by reason of high or low water, and to adopt such 
measures of control as to it may seem proper with respect to existing dams at 
Kettle Falls and International Falls, as well as with respect to any existing 
or future dams or works in boundary waters of the Rainy Lake watershed, in the 
event the Commission shall determine that such emergency conditions exist". 

Thus, even though development for commercial water power within the boundaries 
of the park is specifically prohibited (PL 91-661, Sect. 301c), water levels 
in the park's four large lakes are regulated by the IJC and controlled by dams 
that lie outside the park boundary. A hydropower facility located at 
International Falls, Minnesota/Fort Frances, Ontario controls Rainy Lake while 
two dams located at the outlet of Namakan Lake at Kettle Falls/Squirrel Falls 
control the water levels in Namakan, Kabetogama, Sand Point, Crane, and Little 
Vermilion lakes (Figure 2). The latter two lakes are outside the park. 
Collectively, the five lakes are referred to as Namakan Reservoir for water 
management purposes. The Rainy Lake dam has been in operation since 1909 
while the Kettle Falls/Squirrel Falls dams were completed in 1914. 

The IJC, using studies conducted by its subsidiary, the International Rainy 
Lake Board of Control (IRLBC), developed their 1949 Order which defined when 
emergency conditions existed in the Rainy Lake watershed and prescribed how 
lake levels should be regulated to preclude the occurrence of such conditions 
on Rainy and Namakan Lakes (International Rainy Lake Board of Control 1984). 
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Figure 1 , Voyageurs National Park 

Figure 2. Hydrologic Drainage of Voyageurs National Park 
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The IJC, responding to public Input and the advice of the IRLBC, amended the 
1949 Order with Supplementary Orders 1n 1957 and 1970. The latter Order 1s 
presently In effect. 

While the dams are regulated by the IJC, they are actually owned and operated 
by the Boise Cascade Corporation. Day-to-day control of the dams and the 
associated lake levels has generally been left to Boise Cascade as long as 
they operate In accordance with the IJC Orders. The IJC through the IRLBC has 
only become Involved in the regulation of the lakes when their Orders were not 
or could not be followed. 

The water management programs under the three IJC Orders, which are commonly 
referred to as "rule curves", have all used larger than natural fluctuations 
in lake levels on Namakan Reservoir to maintain less than natural fluctuations 
on Rainy Lake. Under the terms of the 1970 Order, Namakan Reservoir's average 
annual water level fluctuation is about 2.7 m (8.9 ft) while Rainy Lake's 1s 
about 1.1 m (3.6 ft) (Figure 3). The fluctuation of Namakan Reservoir is 
about 0.9 m (3.0 ft) greater than the estimated natural or pre-dam fluctuation 
while Rainy Lake's 1s about 0.8 m (2.6 ft) less (Flug, 1986). Namakan 
Reservoir's overwinter (October to April) drawdown under the 1970 Order has 
averaged 2.3 m (7.5 ft) which is approximately 2.0 m (6.6 ft) greater than the 
estimated natural fluctuation for this time period (Flug 1986). Rainy Lake's 
overwinter drawdown under the 1970 Order has averaged 0.8 m (2.6 ft), which is 
similar to the 0.7 m (2.3 ft) estimated natural fluctuation. The timing of 
the fluctuations is also different under the regulated system. Regulated lake 
levels on the Namakan Reservoir lakes usually peak in late June or early July 
rather than late May or early June as they did prior to dam construction 
(Figure 3). They then remain stable on both Rainy Lake and Namakan Reservoir 
throughout the summer rather than gradually declining. 
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Figure 3. Present water management programs (rule curves) and 
computed natural. lake levels for Rainy Lake and Namakan Reservoir, 
Minnesota and Ontario. Elevations given in meters or feet above 
mean sea level (nisi). 
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ENVIRONMENTAL CONCERNS 

Concerns about the effects of regulated lake levels on the aquatic biota have 
existed ever since the dams were constructed. The Governments of the United 
States and Canada In submitting the Rainy Lake Reference to the IJC for their 
consideration 1n February 1925, Indicated their concerns by requesting that 
"for fishing purposes" be Included as one of the advantageous uses of the 
waters of Rainy Lake and the other border lakes. The IJC's Final Report on 
the Rainy Lake Reference (1934), which was the basis for the 1940 Convention, 
Included statements from numerous parties expressing concern about the 
possible Impact of raising and regulating lake levels. The State of Minnesota 
and the Province of Ontario, in particular, expressed concerns about the 
possible impact on muskrats and other animals which make their home in or over 
shallow water, fish propagation, and nesting grounds of certain aquatic fowl. 
Both parties also Indicated that recreation would be negatively Impacted. 
These concerns were apparently recognized because 1n its 1949 Order the IJC 
Included recreation and other beneficial public purposes in its list of 
advantageous uses of these waters; the other recognized public purposes are 
navigation, sanitation, domestic water supply, and power production. 

Implementation of the IJC's 1949 Order and the subsequent 1957 and 1970 
Supplementary Orders, however, did not resolve the issue concerning the impact 
of regulated lake levels on the aquatic biota. Questions continued to be 
raised, particularly about the relationship between the regulated lake levels 
and the fish community (Sharp 1941; Johnson et al. 1966; Chevalier 1977; 
Osborn et al. 1981). Outfitters and private citizens concerned with 
navigation and the use of docks on Namakan Reservoir have frequently expressed 
their displeasure to the IRLBC about spring water levels. 

The establishment of Voyageurs National Park with its emphasis on restoring 
and preserving the natural environment, raised additional questions about the 
impacts of the regulated lake levels on the aquatic ecosystem in Rainy Lake 
and Namakan Reservoir (Cole 1979, 1982). As had been the case with the 
Minnesota and Ontario natural resource agencies 50 years before, one of the 
National Park Service's primary concerns was with the effects regulated lake 
levels have on organisms and plants that occur in the littoral or shallow-
water zone and consequently are most affected by the fluctuating water levels. 
This extensive research program to assess the impacts of regulated lake levels 
on Voyageur's aquatic ecosystem resulted from those concerns. 
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RESEARCH PROGRAM DESIGN 

The research program at Voyageurs consisted of two principal components. The 
first component assessed the effects of the present water management program 
(1970 Rule Curves) on the park's aquatic ecosystem. The second component 
developed a hydrological model that could be used to assess the effects of 
alternative regulatory programs on power generation or other public purposes. 
This approach was used because It would allow the National Park Service to 
present meaningful recommendations to the IJC for alternative regulatory 
programs if research results showed that the current water management program 
was having adverse impacts on the aquatic biota. This approach would also 
allow testing whether alternative programs that more closely approximated 
natural conditions could be used to reduce adverse effects on the aquatic 
biota without seriously conflicting with the other presently authorized uses 
of water (Cole 1982). Should the IJC authorize an alternative program, this 
information would serve as baseline information which could be used to 
evaluate the impacts of the new regulatory system on authorized water uses. 

The first component was addressed by examining the effects of regulated lake 
levels on selected species and communities thought to be sensitive to changes 
in water levels. While an extensive study of the total system would have been 
preferable, funding and time constraints made it necessary to use an indicator 
species approach. Studies were conducted on the impacts of regulated lake 
levels on: (1) littoral vegetation and benthic organisms; (2) the fish 
community, particularly walleye, Stizostedion vitreum, yellow perch, Perca 
flavescens, and northern pike, Esox lucius; (3)~shore and marsh nesting birds, 
particularly the common loon, Gavia imrner and red-necked grebe, Podiceps 
grisegena; (4) beaver, Castor canadensis, and muskrat, Odonata ziebethicus, 
colonies; (5) osprey, PandioTi haliaetus; and (6) river otter, Lutra 
canadensis. 

Additional studies conducted to obtain baseline information pertinent to the 
regulated lake level issue dealt with primary production in Voyageur's four 
large lakes and the relationship between lake levels and boat docks. Results 
of studies conducted by other researchers, while not specifically a part of 
this program, were used to assess the impact of the regulated lake levels on 
the park's archeological resources. 

Results from these research studies and the scientific literature were used to 
develop and evaluate alternative regulatory systems using the hydrological 
model. Initial evaluations were done on computer simulations developed with 
the hydrology model. Final evaluations, however, must await selection and 
implementation of a specific alternative by the IJC. 

While research by the National Park Service relative to the regulated lake 
level issue started in 1979, most of the information presented in this 
synopsis report and the accompanying technical reports (listed as Appendices) 
was collected during the period from 1983 to 1987. Studies were conducted 
both by NPS and contract researchers. The names and affiliations of the 
project's researchers are presented in Table 1. 
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Table 1. Manes and affiliations of researchers Involved with regulated lake 
level studies In Voyageurs National Park, 1983-1987. (P.I.) -
Principal Investigator. 

Hydro!ogy 
DFTMarshall Flug 

Prlnary Production 
D77 Robert Stottlemyer(P.I.) 
Ray Kepner 

Fisheries 
Larry Kallemeyn 

Beaver-Muskrat-Otter 
Dr. Rolf Peterson(P.I.) 
Douglas Smith (beaver) 
Joanne Thurber (muskrat) 
William Route (otter) 

Shore and Harsh Nesting Birds 
Hildegard Reiser 

Osprey 
Dr. Francesca Cuthbert(P.L) 
Arlene Rothstein 

Aquatic Vegetation 
DT7 Paul Monson 
Dr. Douglas Wilcox 
James Meeker 

Benthos 
T5r7 Kenneth Kraft 

Boat Docks 
Larry Kallemeyn 

NPS, Water Resources Division 

NPS, Great Lakes Area Resource Studies Unit 
Michigan Technological University 

NPS, Voyageurs National Park 

Michigan Technological University 
Michigan Technological University 
Michigan Technological University 
Michigan Technological University 

Northern Arizona University 

University of Minnesota, St. Paul 
University of Minnesota, Duluth 

University of Minnesota, Duluth 
NPS, Indiana Dunes National Lakeshore 
University of Wisconsin 

Michigan Technological University 

NPS, Voyageurs National Park 
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Most of the biological research was conducted on those portions of Rainy, 
Kabetogama, Namakan, and Sand Point lakes that H e 1n or adjacent to Voyageurs 
National Park. The park's Interior lakes and beaver ponds were used In some 
Instances to provide comparative Information on aquatic systems experiencing 
little water level fluctuation. Lac La Croix, a large naturally regulated 
lake located approximately 32 km (20 miles) upstream from Namakan Lake, was 
used as a control site 1n one of the aquatic vegetation studies (Figure 2). 
The study area for the hydrology model encompassed Namakan Reservoir, Rainy 
Lake, and Lake of the Woods (Figure 2). 
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RESEARCH RESULTS 

Hydrology 

Introduction. With the establishment of Voyageurs National Park in 1975, the 
National Park Service became one of many Interest groups concerned with the 
regulation of Rainy Lake and the Namakan Reservoir lakes, which are a part of 
the larger Lake of the Woods watershed. The park's enabling legislation 
directed the NPS to work within the established water regulatory system (PL 
91-661 Sect. 304), while preserving the scenery, natural and historic objects 
and wildlife, and providing for the enjoyment of same in ways that leave them 
unimpaired for future generations (39 Stat. 535). The Service, recognizing 
that a variety of interest groups must be accommodated and that violations of 
the existing rule curves were not uncommon, became interested in evaluating 
alternative operating systems. To accomplish this purpose a mathematical 
simulation model of the multi-lake system was developed to evaluate whether 
the 1970 Rule Curves could be modified to approximate natural conditions 
without seriously conflicting with other authorized water uses (Flug 1986; 
Appendix 1). 

Methods. Flug (1986) developed a hydrological simulation model (MODSIM) to 
evaluate alternative rule curves; refer to Appendix A for a complete 
description. The hydrologic model was used to simulate the multi-lake system 
beginning with the inflows into the Namakan Chain of lakes and ending with the 
outflows from Lake of the Woods (Figure 2). The modeling effects were 
restricted to this portion of the basin by giving the outflows from Lake of 
the Woods the highest priority and by forcing them to match historic releases. 

The hydrologic model uses a series of mathematical equations to represent the 
selected hydrologic/hydraulic system as a circulating system. It functions as 
a mass balance model simulating the lake system by maintaining continuity 
between reservoirs; inflows to the system equal outflows at each dam plus the 
change in storage for each reservoir. The assignment of priorities to each 
link of the system, which is done on a monthly basis, forces the simulation to 
operate in the desired alternate mode. In this way, the model routes flows 
through the system, thereby simulating reservoir operations according to the 
alternative management option corresponding to the defined operating rules and 
constraints. The model as used in this study routes mean monthly inflows 
through the system, and consequently is not intended for daily operation of 
the reservoir in real time. 

Although most of the long-term records of lake levels, outflows, and river 
inflows needed for evaluating this lake system were available, there was a 
lack of historical inflow data for both upstream and tributary to the Rainy 
River. Consequently, it was necessary to use a back calculation procedure 
(Program REVERSE), which converts daily lake level and outflow data into 
monthly inflows, to generate a sequence of inflows that accurately portrayed 
the naturally occurring hydrologic time series of net inflows for the historic 
period of record. This in combination with known inflows from the Namakan 
River allowed the same set of net inflows to be used in the model simulations 
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that the real reservoir system operated 1n response too. 

Constraints placed on the model, In addition to continuity, Include maximum 
outflows through existing outlet works, minimum flow requirements for water 
pollution control, both maximum and minimum lake levels, and others as 
appropriate. Some of these constraints may in some Instances be treated as 
"operating rules", which are the attributes by which the model 1s instructed 
to allocate and route water through the system. The variable constraints and 
operating rules Include: maximum and minimum limits 1n each flow link; maximum 
turbine discharge; overall turbine efficiency as included in the power factors 
for each lake level; monthly desired lake levels for each reservoir; 
priorities for each reservoir and demand node; and the order of spilling water 
from each reservoir. Spilling, however, only occurs If the continuity 
relationship can not be adhered to given all the specified input data and 
constraint limits. 

Output from the hydrologic model simulation runs include the resulting lake 
levels, reservoir outflows, and hydropower generated each month. Numerous 
graphic and tabular options are then available for comparing the results with 
historic values or with results from simulations with different operating 
rules. Examples of output are included in the following Results section and in 
the Alternative Rule Curves section. 

Several shortcomings in the available data base became evident as the model 
was being developed. The most serious questions were in regard to the 
reliability of the historic outflow data from Lake of the Woods, Namakan 
Reservoir, and Rainy Lake. Other concerns included the effect of gaging 
station location on estimates of "head" on the hydropower units at the outlets 
of Rainy Lake and Lake of the Woods and the fact that no corrections had been 
made in outflow rating curves even though changes had been made in the dams. 
The effect of the identified shortcomings in regard to this study was 
considered to be minor since the same set of inflows would be used in all the 
simulations. This, it was concluded would preserve the relative differences 
between the simulation outcomes and make it feasible to utilize them in 
assessing management options and directions for change. 

Results. The hydrologic model was found to simulate the real lake system very 
well. Results of a calibration run performed using historic inflows and lake 
level data, in combination with monthly priorities assigned to duplicate past 
practices, corresponded almost identically to the historically observed lake 
levels (Figures 4,5). The simulation results included those deviations from 
the IJC's 1970 Order that actually occurred on Namakan Reservoir and Rainy 
Lake in 1976-77 and 1980. 

Differences between simulated and historical lake levels on Lake of the Woods 
in the calibration run were very small even though they were assigned the 
lowest priority (Figure 6). This was due to two factors, the first and most 
important being that the outflows from Lake of the Woods are given the highest 
priority since they are always to match the historic outflows. Secondly, the 
storage or release of a large volume of water results in a comparatively small 
change in the level of Lake of the Woods due to it's relatively large size and 
capacity compared to Namakan Reservoir and Rainy Lake. 
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Figure 4. Ten Year Calibration-Simulation for Rainy Lake (from Flug, 1986). 



CM 

Figure 5. Ten Year Calibration-Simulation for Namakan Lake (from Flug, 1986). 



Figure 6. Ten Year Calibration-Simulation for Lake of the Woods (from Flug, 1986). 



Results of a simulation using an alternate set of target lake levels for 
Namakan Reservoir and Rainy Lake indicated that the system could accommodate 
the modified rule curves under normal hydrologlc events but that under high or 
low runoff conditions, deviations from the rule curves would occur. The fact 
that the deviations observed In the simulation were also actually experienced 
under the IJC's 1970 Rule Curve underscored the limitations of the reservoir 
system for responding to every natural hydrologlc event, particularly with the 
present system for forecasting Inflows. In the 17 years the 1970 Rule Curve 
has been in affect, lake levels on Namakan Reservoir and Rainy Lake have been 
outside of the rule curves by at least 5 cm (2 Inches) approximately 17% and 
20% of the time, respectively (IRLBC 1984, data updated through 1987). 

The simulation, due in part to the assignment of priorities and the use of 
alternate target policies, was found to influence the timing of hydropower 
production from Rainy Lake and Lake of the Woods. Net changes 1n power 
production, however, were insignificant because changes in target elevations 
were no more than 0.9 m (3.0 ft) in this alternative. Consequently, the 
"head" available for power production was similar to historic levels. 

Results of this simulation and the calibration run demonstrated the usefulness 
of the model for analyzing and evaluating alternative reservoir operating 
rules. Additional alternatives that address the results of the various 
aquatic and riparian studies are presented in the Alternative Rule Curves 
Assessment section. 

Primary Production 

Introduction. This study provides a description of phytoplankton biomass and 
primary productivity and related physical-chemical characteristics in 
Voyageur's four large lakes. The results will be used to evaluate the effects 
of the regulated lake levels on primary productivity in the four lake basins. 
This information was considered essential for comparing aquatic resources in 
the four lakes since: (1) much of the organic matter that ultimately supports 
the members of the upper trophic levels is produced by a lake's phytoplankton 
community (Wetzel 1975); and (2) fluctuations in water levels can effect lake 
productivity and the phytoplankton community in many ways (Guseva 1958; 
Mitchell 1975; Serruya and Pollingher 1977; Tundisi 1983). 

Methods. Monthly sampling was conducted at two stations on each of Voyageur's 
four large lakes during the open water seasons of 1985 and 1986 (Kepner and 
Stottlemyer 1988; Appendix 2). Estimates of phytoplankton primary 
productivity at the eight main lake stations were obtained by measuring the 
uptake of tracer ^carbon during midday in situ incubations (Steeman-Nielsen 
1952). Chlorophyll-a, which provides a measure of the composite phytoplankton 
biomass, was determined spectrophotometrically as outlined in Standard Methods 
(1980) and modified for dimethyl sulfoxide extraction per Burnison (1980). 
Other parameters measured at each station included light, temperature, and 
dissolved oxygen profiles. Water samples were collected and later analyzed 
for twelve major ions, Kjeldahl nitrogen, total organic carbon, specific 
conductance, pH, and bicarbonate alkalinity. 

Results. Kabetogama Lake was found to be significantly different than 
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Voyageur's other three large lakes chemically, biologically, and morpholog
ically. Ion concentrations were generally higher in Kabetogama Lake than in 
the other lakes, in which the concentrations were quite similar. Ion 
concentrations In all the lakes were generally comparable with values obtained 
from other north-temperate lakes such as those 1n the Experimental Lakes Area 
In Ontario (Armstrong and Schlndler 1971). 

A similar grouping of the lakes was apparent from the biological parameters 
that were measured. The trophic state indicator values derived from 
chlorophyll-a concentrations and carbon assimilation rates were significantly 
higher In Kabetogama Lake, indicating that the lake 1s significantly more 
productive than the other lakes. No significant differences existed between 
the other three lakes. 

Depth-volume curves developed for Kabetogama, Namakan, and Sand Point Lakes 
illustrated that major differences also exist between Kabetogama Lake and the 
other two lakes in regard to the impact of drawdowns on their respective 
volumes (Figure 7). The annual drawdown of 2.7 m (8.9 ft) from full capacity 
level decreases the volumes of Namakan and Sand Point Lakes by approximately 
20 and 23%, respectively, while exposing 17 and 24% of their bottom areas. 
The same drawdown on Kabetogama Lake, while causing a similar amount of bottom 
exposure (25%), results in a much larger reduction (34%) in volume. Water 
level fluctuations, such as these, and the associated effects on nutrient 
availability have been found to be major factors controlling the seasonal 
patterns and variations in phytoplankton standing crops (Hodgkiss and Tai 
1976). Conceivably, the effect would be greater on Kabetogama Lake since it 
experiences the greatest morphological changes. 

The authors concluded that volume changes can influence limiting nutrient 
availablity purely through concentration and dilution effects, even if inputs 
remain the same. Winter drawdowns, by killing off the aquatic vegetation in 
the drawdown zone, may increase decomposition and nutrient re-mineralization 
with restored lake levels in the spring. This could conceivably result in 
more nutrients being released into the lake, thereby, increasing the numbers 
and perhaps changing the species composition of the primary producers. 
Reducing the drawdown on Namakan Reservoir may therefore reduce nutrient 
concentration effects as well as nutrient loadings to the system from re-
mineralization of littoral sediments and vegetation. 

A total phosphorus mass balance model was used to examine 
dilution/concentration effects due to volume variations in Kabetogama Lake. 
Results of a simulation based on projected natural lake level fluctuations 
indicated that total phosphorus concentrations would be reduced below current 
levels. The authors, stressing that the model was uncalibrated, predicted 
this would result in reductions in phytoplankton biomass and accompanying 
primary production that could have ramifications throughout the entire 
foodweb. 

Fisheries 

Introduction. Sport fishing has been and continues to be the principal 
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Figure. 7. Drawdown curves for Namakan, Sand Point, and ICabetogama Lakes, 
Voyageurs National Park, MN. (Dry Wayne Meyers, School of 
Forestry, The Pennsylvania State university. University Park, PA) 
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visitor activity in Voyageurs National Park and the surrounding area. 
Approximately 70X of the park's visitors fish. They expend approximately 
800,000 humanhours per year fishing on the park's large lakes, with Kabetogama 
Lake accounting for approximately SOX of the total humanhours fished 
(Kallemeyn 1988). The principal species 1n the fishery are walleye and 
northern pike. 

Previous investigations of the relationship between lake levels during the 
spring spawning season and year-class strength of walleye in Rainy Lake 
produced contradictory results (Chevalier 1977; Osborn et al. 1981). 
Chevalier (1977) reported a positive relationship between spring water levels 
and walleye year-class strength as determined from commercial gill net catches 
of walleye from both the Minnesota and Ontario portions of Rainy Lake from 
1948 to 1969. Osborn et al. (1981), however, found no significant 
correlations when they compared spring water levels with both commercial gill 
net catches of walleye from the Minnesota portion of the lake from 1948 to 
1980 and experimental gill net catches. 

Osborn et al (1981) also found no significant correlations between spring 
water levels and experimental gill net catches of walleye in the Namakan 
Reservoir lakes. They did, however, find a significant correlation between 
the average rise in water levels during the probable spawning period and 
abundance of four-year-old northern pike in Kabetogama and Sand Point lakes. 

Due to these contradictory results, the relationship between spring water 
levels and reproductive success of walleye and northern pike was reevaluated. 
This relationship for yellow perch was also evaluated since they are a 
principal forage species for both walleye and northern pike. Because the 
primary concern was with the effects of the water regimen on reproductive 
success, comparisons were made with catches of age-0 fish in standardized 
seine hauls and trap nets rather than experimental gill net catches, which 
normally contain few age-0 fish in the park lakes. 

Methods. The relationships between year-class strengths of walleye and yellow 
perch and regulated lake levels, air and water temperatures, and wind 
velocities during the spawning period of both species were studied in the 
park's four large lakes from 1981 through 1985 (Kallemeyn 1987a; Appendix 3). 
Year-class strength was estimated from the seasonal mean number of age-0 
walleyes and yellow perch caught in standardized seine hauls. Simple linear 
correlations were used to assess the relationship between the abundance 
estimates and the various physical factors. 

The effects of regulated lake levels on northern pike spawning habitat 
availability and reproductive success were evaluated in Kabetogama Lake from 
1983 through 1985 (Kallemeyn 1987b; Appendix 4). The amount of potential 
northern pike spawning habitat between 338.9 and 340.5 meters above mean sea 
level (mmsl) (1112- 1117 ft msl) in two tributary deltas in Kabetogama Lake 
was determined from topographic maps and the results of vegetative cover type 
surveys. Reproductive success was determined from catches of age-0 northern 
pike in standard seine hauls and trap net sets. 

Results. Both lake levels and thermal conditions were found to affect 
abundance of age-0 walleyes and yellow perch in Voyageur's four large lakes. 
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Year-class strength of walleye was significantly correlated with lake levels 
1n Rainy, Kabetogama, and Sand Point lakes but not in Namakan Lake. The 
strongest walleye year-classes were produced when mean lake levels during the 
spawning period exceeded 337.5 mmsl (1107.3 ft msl) on Rainy Lake and 339.9 
mmsl (1115.1 ft msl) on the Namakan Reservoir lakes. Weaker year classes were 
produced when water levels were lower. The relationship between lake level 
and yellow perch year-class strength was positive, but only in Sand Point Lake 
was the relationship significant. Significant positive correlations were also 
found between thermal conditions during the 30 day period following ice-out 
and year-class strengths of walleye and yellow perch. The strongest year 
classes of both species were produced in years with higher, more stable 
temperatures. 

Over 90% of the emergent vegetation in Kabetogama Lake, which is the preferred 
spawning habitat of northern pike (Fabricus and Gustafson 1958; Franklin and 
Smith 1963; McCarraher and Thomas 1972), was found to occur above 339.9 mmsl 
(1115.1 ft msl) (Figure 8). Consequently, a 1.5 to 1.8 m (5 to 6 ft) rise in 
lake levels is required each spring to flood and provide access to the 
preferred spawning substrate. When water levels reached the emergent 
vegetation within three weeks of ice-out, which is when northern pike 
spawning typically occurs in these lakes, reproductive success was higher 
(Figure 9). Flooding of the spawning habitat within three weeks of ice-out 
only occurred, however, because water levels exceeded the maximum levels 
called for under the current water management program. The water level has 
exceeded 340.2 mmsl (1116 ft msl) within three weeks of ice-out nine out of 
seventeen years since the present rule curve went into effect in 1971. In all 
instances where this occurred, however, lake levels were above the upper level 
of the rule curve. 

Presently, the preferred spawning habitat of both the walleye and northern 
pike in Voyageur's four large lakes occurs primarily at relatively high 
elevations due to the high, stable lake levels that are maintained throughout 
the summer and early fall. Consequently, a substantial rise in lake levels, 
particularly on the Namakan Reservoir lakes, is necessary each spring to make 
these areas available for spawning. It was hypothesized that a summer 
drawdown, by expanding both the area covered by emergent vegetation and the 
amount of wave washed gravel at lower elevations, would reduce the amount of 
spring rise required to flood these preferred spawning habitats. This 
alternative management strategy would appear to be particularly beneficial in 
those years when runoff is limited. 

Beaver 

Introduction. Beaver, because of their habits of building lodges with 
underwater entrances and storing food underwater, have been found to be 
adversely affected by water level fluctuations (Nixon and Ely 1964; Allen 
1982; Courcelles 1984; Howard and Larson 1985). They are particularly 
susceptible to overwinter drawdowns which reduce the availability of lodges 
and food caches and force the animals into situations where they are more 
vulnerable to predation. 

This study examined the effects of regulated lake levels on the beaver 
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Figure 8. Distribution of emergent vegetation in re la t ion to 
lake-bed elevation in the deltas of Daley Brook and Tom Cod Creek, 
Kabetogama Lake (from Kallemeyn et al . 1988}. 

Figure 9. Comparison of catch/seine haul and trap net set (catch/ 
unit effort-c/f) of young-of-the-year northern pike with the water 
l e v e l three weeks after ice-out, Eabetogama Lake, 1983-85 (from 
Kallemeyn et al . 1988). 
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population in Voyageurs National Park (Smith and Peterson 1988, Appendix 5). 
Specific objectives were to: (1) determine the effects of water drawdown on 
beaver distribution, abundance, and mortality; (2) study basic beaver 
population dynamics; and (3) document winter beaver behavior In relation to 
water drawdowns. Effects of regulated lake levels were assessed by comparing 
beaver sub-populations identified on the basis of water level fluctuations and 
habitat quality. Although the study focused on beaver In the park's large 
lakes, a few Inland ponds were used to obtain information on beaver living 
under natural conditions. 

Methods. Field studies of Voyageur's unexplolted beaver population were 
conducted from September 1984 to May 1987. Beaver were live-trapped 1n May 
and in the fall (September-November). Morphological measurements were made on 
each captured beaver; each animal was then ear-tagged and released. Movement, 
growth rate, and over-winter weight loss was determined from recaptures. 
Colony sizes, age ratios, and reproductive rates were determined from live 
captures. Litter sizes were determined from fall captures of kits at 
Individual houses. 

Radio transmitters equipped with activity/temperature sensors were surgically 
implanted in 26 beaver to further identify factors affecting mortality and to 
better document movement and behavorial patterns. A continuosly operating 
system monitored 12 beaver through two winters. Other beaver were checked 2-3 
times a week from September through May and once or twice a month from June 
through August. 

Estimates of beaver numbers in the park were obtained by combining trapping 
results with aerial survey counts of active beaver houses. Abandonment and 
reoccupation of lodges was also assessed by combining information from aerial 
and ground examinations. Beaver mortality was determined from radio-tagged 
animals, site checks at lodges during the winter, and by hiking shorelines in 
the spring and recording wolf scat contents or beaver remains. 

Habitat analyses focused on aspen abundance and utilization since it is the 
beaver's most important food (Hall 1960; Jenkins 1979). Within the area 
around a lodge delineated by active cutting, all freshly cut or downed trees 
were identified to species and their diameter at breast height and distance 
from the water were determined. The point center quarter method was used to 
quantify the availability of aspen. Distances to feeding areas by water were 
also measured. Deciduous volume and percent deciduous cover around lodges 
were determined from aerial photographs. Water depths around lodges and food 
caches were taken in the fall before water drawdown was Initiated, during 
mid-winter, and in the spring when the water was usually at its lowest levels. 

Results, A total of 506 active beaver lodges, or a density of 0.92 lodges/km 
(2.4/mi ), was observed in a 1984 aerial survey of the entire park. 
Approximately 77% of the lodges were on inland ponds, 15% on the Namakan 
Reservoir lakes, and 1% on Rainy Lake. A 1986 aerial survey of just the 
shoreline on the park's large lakes showed increases in the number of lodges 
of approximately 32% on the Namakan Reservoir lakes and 24% on Rainy Lake. 
These increases were a continuation of an upward trend that started in 1940. 
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As early as January each winter, beavers in the Namakan Reservoir lakes, which 
undergo a 2.3 m (7.5 ft) winter drawdown, spent more time out of their lodges 
than did beavers in Rainy Lake (0.8 m winter drawdown) (2.6 ft) or In Inland 
ponds (Figure 10). Due to the large drawdown, the lodges in the Namakan 
Reservoir lakes were out of the water by January and their entrances were 
covered by 1ce sheets. Beavers adapted to these conditions by tunneling Into 
lodges or by building wood chip nests in air spaces that existed below 
"hanging 1ce" along the shore. The latter sites were usually located close to 
the food cache. Beaver in the La Grande River in Quebec exhibited similar 
adaptions to fluctuating water levels (Courcelles and Nault, 1984). 

Winter drawdowns on the Namakan Reservoir lakes, in addition to causing lodge 
abandonment, resulted in food shortages because food caches became locked 
above and inside the ice. Because large portions of their stored food was 
inaccessible, the beaver were forced to rely on other winter survival 
strategies, including an excessive utilization of body fat reserves. 
Consequently, during winter adult beaver in Namakan Reservoir lost more weight 
and the kits gained less than did beaver in the inland ponds and Rainy Lake. 
Namakan Reservoir adults on the average lost 8.6% of their body weight while 
adults from the more stable inland ponds only lost 3.8%. Average overwinter 
gains in body weight for kits were 17.2% on Namakan Reservoir, 29.7% on the 
inland ponds, and 35.5% on Rainy Lake. Due to low sample sizes and high 
variability, these differences were not statistically significant. 

Cache inaccessability also forced beaver to forage above the ice in mid
winter, thereby, increasing their vulnerability to predation. The incidence 
of this was higher on Kabetogama Lake (N=6) than on Rainy Lake (N=l) and the 
inland ponds (N=l). The one time this was observed on Rainy Lake was at a 
lodge that did not have a food cache. Two Kabetogama Lake beaver that left 
their lodge in autumn due to the large drawdown subsequently died in March. 
The move left them without a food cache and both were onshore cutting aspen at 
the time of their death. One beaver was eaten and presumed killed by a 
predator while the other animal was found intact but was severely emaciated. 

The low winter lake levels may have also adversely impacted beaver breeding. 
Of the lodges trapped on Kabetogama Lake, only 63% contained kits, whereas in 
the inland ponds the percentage was 100%. On Rainy Lake the values ranged 
from 60% on the eastern end to 75% on the western end. Interference with 
breeding behavior may contribute to these differences but it is possible they 
are also the result of young dispersing beavers that have not been bred 
settling in Kabetogama Lake at a higher rate than in other areas. 

The low spring lake levels on Namakan Reservoir exposed lodges and required 
beaver to relocate to other sites. These movements increased the 
vulnerability of beaver to wolf predation. Based on radio tracking results, 
spring mortality due to wolf predation was estimated to be 25%. Wolf scat 
analyses by the author and other investigators (Fisher 1975; Hardwig 1978) 
also indicated heavy utilization of beaver by wolves in the park. 

The fluctuating lake levels on Namakan Reservoir brought sites in and out of 
feasible useage by beaver, and created a situation of frequent lodge 
abandonment and reoccupation. This reduced site fidelity and resulted in many 
beaver moving to inactive lodges that were already present or constructing new 
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Figure 10. Percent of time radio-tagged beaver were found 
in lodges during the winters of 1984-85 to 1986-87, Voyageurs 
National Park, (from Smith, 1988). 
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lodges at the new water line. Consequently, when both active and inactive 
lodges were included, there were almost twice as many lodges on Kabetogama 
Lake as on Rainy Lake where site fidelity was much higher. 

Lake level fluctuations, by forcing frequent beaver movements, may actually 
Increase the longevity of aspen stands on the shores of the large lakes. 
Frequent movement reduces browsing pressure around a lodge, thereby extending 
the length of time such sites would be attractive to beaver settlement. For 
example, some sites on Kabetogama Lake still have appreciable quantities of 
aspen within 1 m (3.3 ft) of the water. On the other hand, aspen and other 
deciduous trees are severely depleted at sites that have been exposed to 
constant, long term use such as the inland ponds. 

The timing of water level fluctuations, as well as the magnitude, was found to 
have a major impact on beaver. Because high, stable water levels are 
maintained into early autumn, beaver establish their food caches and lodges In 
locations that make them susceptible to dewatering, particularly in those 
lakes with a 2.3 m (7.5 ft) overwinter drawdown. Beaver would benefit if lake 
levels were allowed to gradually decline over summer, reaching a more stable 
level by mid-September. Lodges and food caches developed under these 
conditions would then be accessible throughout the winter if overwinter 
drawdowns were restricted to less than 0.7 m (2.3 ft). This combination 
should enable the beaver to live inside their lodges throughout the winter, 
remain in better condition, and reduce the spring lodge relocations and 
subsequent predation. 

Huskrat 

I n t roduc t i on . This study assessed the impact of the present water management 
program on Voyageur's muskrats i n Rainy Lake and Namakan Reservoir (Thurber 
and Peterson 1988; Appendix 6 ) . Water level f luc tuat ions have been found to 
adversely af fect muskrat populat ions in other locat ions (Err ington 1939; 
Bel l rose and Brown 1941; Bel l rose 1950; Donahoe 1966). Overwinter drawdowns 
t h a t resu l t in the dewatering of muskrat houses and burrows are p a r t i c u l a r l y 
damaging since they make i t very d i f f i c u l t for muskrats t o get to t he i r food 
supply at the harshest time of the year (Errington 1963). Drawdowns also 
increase predation pressure on muskrats by forcing foraging on top of the ice 
(Er r ing ton 1939). Rapid water r i ses can also be damaging i f they occur during 
the spring when muskrats are having t h e i r f i r s t l i t t e r s (Er r ing ton 1963). 

Methods. The e f fec t s of regulated lake levels on Voyageur's muskrat 
populat ions were evaluated by comparing densi t ies and standard morphological 
measurements of muskrats from areas of s imi la r habitat from Rainy Lake (0.8 m 
win ter drawdown) (2.6 f t ) and Kabetogama Lake (2.3 m winter drawdown) (7.5 f t ) 
from 1985 to 1987. Estimates of muskrat densit ies were obtained from sign 
surveys, house counts, catches in l i v e t raps , and from recaptures of ear 
tagged animals. Population estimates were calculated by using the recapture 
data in a Lincoln/Peterson formula corrected for bias (Seber 1986). Muskrats 
captured in l i v e t raps were weighed and standard morphological measurements 
taken. A monel ear tag was placed in one ear on a l l muskrats before the i r 
re lease. 
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Results. No significant differences were found 1n any standard morphological 
measurements between gender, lakes, or bays within Yoyageur s lakes. 
Proportions of male and female muskrats 1n live trap catches did not differ 
between lakes. In 1986, males comprised 66.71 of the catch 1n the spring and 
61.S% In the fall. 

Rainy Lake showed significantly higher densities of muskrats from trapnlght 
success (fall 1986) and sign surveys (spring 1986) (Table 2). Although 
population estimates and density indicies from other seasons were not 
significantly different, the trend was for consistently higher densities 1n 
Rainy Lake (Table 2). While overall house counts were consistently higher on 
Rainy Lake, the observed differences were not significant. Significant 
differences in house counts were observed, however, when the largest marshy 
bay site on Rainy Lake (Cranberry Creek) was compared with its counterpart on 
Kabetogama Lake (Tom Cod Bay). House densities 1n Cranberry Creek in the 
winters 1985-86 and 1986-87 were 0.14 and 0.33 houses/hectare (0.06 and 0.13 
houses/acre) while in Tom Cod Bay they were 0.05 and 0.21 houses/hectare (0.02 
and 0.08 houses/acre). The differences in active houses in the two lakes were 
probably underestimated because Kabetogama Lake muskrats kept building new 
houses as lake levels declined during October and November. This activity was 
not seen on Rainy Lake. 

Depth of water at houses is an important factor for muskrats trying to survive 
harsh winters. Water depths near muskrat houses in both Rainy Lake and 
Kabetogama Lake were approximately the same (0.4-0.5 m) (1.3-1.6 ft) during 
fall trapping in 1985 and 1986. In the spring of 1986, all houses on 
Kabetogama Lake were dry while those on Rainy Lake that were trapped the 
previous fall still had about the same amount of water present. In the spring 
of 1987, however, houses on both Rainy Lake and Kabetogama Lake were dry. 
Thus, Rainy Lake muskrats do occasionally experience the harsh overwinter 
conditions the Namakan Reservoir muskrats face annually. 

Rainy Lake, with its less than natural water level fluctuations, was found to 
provide the best habitat for muskrats under the present water regulatory 
system. The author concluded conditions for muskrats could be made more 
equitable throughout the park by implementing a water management system that 
more closely approximates natural conditions. Under the proposed system, a 
drawdown of about 1 m (3.3 ft) would occur gradually through September and 
October to allow muskrats time to build houses at lower levels before freeze-
up. Overwinter drawdowns would then be similar to the situation currently 
existing on Rainy Lake. This should restrict water shortages around their 
houses and food sources to relatively short periods, except in very dry years. 
It would also reduce above ice foraging and the associated increased exposure 
to predators. Spring rises in water levels should occur early enough to avoid 
flooding out muskrat houses while the animals are raising their young. While 
this regulatory system will not optimize muskrat production, it should enable 
enough animals to survive to provide both lakes with a healthy population. 
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Table 2. Comparison of estimates of muskrat densities In Kabetogama (K) and 
Rainy (R) Lakes obtained from population estimates based on 
recaptures of marked animals, live trap catches, sign surveys, and 
house counts. * - ANOVA; P<.0.05 (from Thurber 1988) 

Date, 
location 

Winter 1984-85 
K 
R 

Fall 1985 
K 
R 

Winter 1985-86 
K 
R 

Spring 1986 
K 
R 

Fall 1986 
K 
R 

Winter 1986-87 
K 
R 

Spring 1987 
K 
R 

Population 
Estimate 
N/hectare 

0.25 
0.93 

M •——. 

0.59 
1.45 

Live 
Trap 

N/trapnight 

0.218 
0.260 

0.039 
0.081 

0.144 
0.346* 

Sign 
Survey 
Sign/km 

0.14 
0.35* 

19.79 
27.67 

0.00 
1.15 

House 
Count 

N/hectare 

0.06 
0.23 

0.05 
0.09 

0.14 
0.19 
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Otter 

Introduction. River otter have been thought to be thriving in Voyageurs 
National Park because of the diversity of aquatic habitats and absence of 
commercial trapping. No detailed information about the park's otter 
population, however, was actually available to support this assumption. Thus, 
It was decided to conduct this study when questions arose regarding the 
possible Impacts of regulated lake levels and the collection of otter for 
transplanting to other localities. This study's principal objectives were to: 
(1) conduct a systematic survey of distribution and abundance of otter in the 
park; (2) identify abiotic and biotic factors influencing otter distribution, 
abundance, and behavior; (3) compare otter populations under the present water 
regulatory program and probable natural conditions; and (4) predict future 
trends 1n otter numbers under alternative water management programs. 

Methods. River otter were studied in Voyageurs from 1985 to 1987 (Route and 
Peterson 1988; Appendix 7). Sampling for determination of home range, 
distribution, and abundance was conducted in two primary study areas, one each 
on Rainy Lake and Namakan Reservoir. The Rainy Lake study area (RLSA) had 
88.86 km (55.2 miles) of mainland and island shoreline while the Namakan 
Reservoir study area (NRSA) had 81.78 km (50.8 miles) of shoreline. Otter 
scats, which were used for food habits analysis, were collected from Rainy, 
Kabetogama, Namakan, and Sand Point lakes, and several interior lakes and 
beaver drainages. 

Otter were captured with Hancock live-traps. Captured animals were 
anesthethized before standard morphological measurements were taken and the 
animal was marked with a monel ear tag. Otter were then inspected for tooth 
wear and overall condition before either being released or transported to a 
surgical facility for a radio implant. Radio transmitters were implanted into 
the peritoneal cavity of 25 animals to facilitate study of home range, 
abundance, mortality, and dispersal. Nineteen of these animals were 
successfully radio-tracked during the study. 

Radioed otters were located primarily by boat during the open water season. 
Since most otter remained close to the shore of the large lakes during summer, 
it was possible to locate most animals to within 20 m (66 ft) of their exact 
location by boating along the lakeshore. Aerial surveillance and ground 
observations made from snowmobiles or on foot were used to locate radioed 
otter during the winter when the lakes were frozen. 

An otter's home range was defined as the area within a minimum convex polygon 
formed by connecting the outer-most points of location (Mohr 1947). Home 
range area and length of shoreline within home ranges were measured using a 
Geographical Information System Module and Earth Resources Data Analysis 
System software on 1:24,000 scale United States Geological Survey topographic 
maps. 

Summer estimates of otter abundance in each study area were based on actual 
counts of radio-marked and unmarked otters. Winter estimates were derived 
from track surveys and winter home range measurements. The summer estimate 
was used to project a final estimate of of otter abundance within the park, 
while winter track data was used to test for differences in relative abundance 
between study areas. 
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Scat collections were routinely made at designated latrine sites in summer and 
during weekly track surveys in winter. All scats were washed over a sieve 
(mesh size • 1 mm), air dried, and individually packaged and catalogued. The 
food habits analysis was based on the frequency of occurrence of food items in 
the otter diet. Data were grouped into either summer (ice-free months) or 
winter (months with ice-cover) for analysis. 

Results. Based on direct counts and trapping success, Voyageurs has a 
relatively large otter population. Approximately 41 trap-nights were needed 
to capture an otter in the park while most other studies in the United States 
and Canada have averaged over 100 trap-nights per otter (Northcott and Slade 
1976; Melquist and Hornocker 1983; Reid 1984). Trapping success was much 
higher during spring than fall with males being captured more often In spring 
and females more often in fall. There was no significant difference in 
trapping success on Rainy Lake and Namakan Reservoir. 

Home ranges developed from 1,098 observations of 19 radioed otter showed there 
was considerable variation between individuals, sexes, and seasons. Adult 
males had significantly larger summer home ranges than adult females. During 
winter, however, there was no significant differences between the two sexes. 
There was no significant difference in the size of winter home ranges of adult 
females on the two intensive study areas. 

Visual observations of unmarked family groups, and estimated summer home 
ranges of radioed family groups indicated that shallow, backwater bays were 
important as rearing areas. Radioed family groups, as well as other radioed 
females that utilized shallow bays during summer, shifted their home range to 
deeper water in winter. These shifts were in response to the water being 
withdrawn and the ice collapsing onto the bottom substrate. The data suggests 
such movement are more pronounced on Namakan Reservoir since it experiences a 
larger winter drawdown than Rainy Lake. 

Otters moved freely between the large lakes and adjacent interior lakes and 
beaver ponds in summer. Although ice cover during winter did not prevent 
these movements, it did appear to limit them. Based on observations of 
radioed animals, the proportion of otters spending the majority of the winter 
in inland waters may range from 16-35%. 

Differences between the two intensive study areas in abundance of above-ice 
sign and straight-line distances between adjacent fresh sign were not 
significantly different in either the winter of 1985-86 or 1986-87. However, 
Rainy Lake averaged slightly more total sign/km than Namakan Reservoir in both 
winters. 

There were an estimated 19 otter on the Rainy Lake Study Area and 28 on the 
Namakan Reservoir Study Area during the summer of 1986, while an estimated 10 
and 12, respectively were present in winter. The lower winter values were 
attributed to: (1) some otters not utilizing the large lakes during the 
winter; (2) natural mortality occurring at the onset of winter; and (3) the 
fact that the method used to obtain the winter estimates was designed more to 
reflect relative abundance and to serve as an unbiased estimator that could be 
used to compare study areas. Using the summer values and assuming uniform 
otter density throughout the park, the authors projected a total park 
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population of 270 animals. 

Fish and crayfish were the predominate items in the otters' diet, occurring 1n 
72 and 71X of the scat samples, respectively. Predation by otter on fish and 
crayfish varied by season and water body. In winter, fish was the principal 
Item In the otters' diet on both Rainy Lake and Namakan Reservoir. While this 
continued to be true for otter on Rainy Lake In summer, on Namakan Reservoir 
their diet shifted towards a higher proportion of crayfish. This shift was 
attributed to Increased availability of crayfish on Namakan Reservoir 1n 
summer. The authors hypothesized that this increase was due to an increase in 
crayfish food availability resulting from the large overwinter drawdown and 
subsequent reflooding associated with the regulated lake levels. Conceivably, 
the increased consumption may have also been associated with the emergence of 
Orconectes immunis, a crayfish species which over-winters in mud burrows in 
shallow bays and sloughs. 

Regulated lake levels affect river otter distribution on the large lakes in 
Voyageurs primarily by making shallow bays, particularly on Namakan Reservoir, 
inaccessible during winter. Although natural lake level fluctuations will 
cause some dewatering of shallow bays, the unnaturally large winter drawdown 
on Namakan Reservoir causes greater than natural shifts in the otters' 
seasonal home ranges. Conceivably, this contributed to the otters' increased 
use of interior lakes and ponds in winter. 

Shore and Marsh Nesting Birds 

Introduction. Fluctuating water levels can cause significant losses of nests 
of shore and marsh nesting birds, particularly if the nests are located on the 
ground or on floating vegetation (McNicholl 1985). Broekhuysen and Frost 
(1968) found that 61.5% of all nesting attempts by black-necked grebes 
(Podiceps nigrocollis) were destroyed by extreme variations in water level. 
Water level changes have also been found to impact the Western grebe 
(Aechmophorus occidental is) (Lindvall and Low 1982), colonial nesting 
waterbirds IKoonz and Kakowski 1985; Kushlan 1987), and the common loon (Gavia 
immer) (Titus and VanDruff 1981; Yonge 1981; Barr 1986; Mclntyre 1988). Barr 
(1986), comparing loon populations on lakes with greater than and less than 
1.5 m (4.9 ft) water level fluctuations, found significant differences in 
occupancy rates of territories and hatching success. Loon reproductive 
success on a reservoir was impacted more by decreases in water levels than by 
increases (Mclntyre 1988) 

The objective of this study was to determine the impacts of the regulated lake 
levels on reproductive success, distribution, and densities of certain members 
of the aquatic avifauna community in Voyageurs National Park. Of particular 
concern, were the impacts on the common loon. This species, which occurs 
throughout the park, is Minnesota's state bird and it has been identified as a 
"special concern" species by the Minnesota Department of Natural Resources 
(MDNR 1984). 

Methods. Studies of the effects of regulated lake levels on nesting success 
of common loon and red-necked grebe in Voyageurs have been conducted since 
1979, with the most intensive work being done from 1983 to 1986 (Reiser 1988; 
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Appendix 8). In 1983, the study was expanded to include the p1ed-b1lled grebe 
(Podllymbus podiceps), the sora (Porzana Carolina), the black tern (Chlidonias 
nlger), and the red-winged and yellow-headed blackbirds (Agelaius phoeniceus 
and Xanthocephalus xanthocephalus). 

Observations were made on both the regulated Rainy Lake and Namakan Reservoir 
and the interior lakes with their naturally fluctuating water levels. 
Intensive shoreline searches were used to determine adult densities and to 
locate nests of the various species 1n the park and adjacent waters. Nests 
and resulting broods were monitored to determine hatching and fledging rates. 
Nesting habitat, climatological, hydrological, and lake characteristics data 
were collected for use in evaluating their effects on nesting and reproductive 
success. 

Results. During the period from 1979 to 1986, Voyageurs National Park's adult 
1oon population of approximately 180 birds produced an average of 31 young per 
year. The overall reproductive rate for park loons was 0.39 fledged young per 
pair of adults per year (yg/pr/yr), with the rate ranging from 0.25 fledged 
yg/pr/yr on the Namakan Reservoir lakes to 0.57 fledged yg/pr/yr on Rainy Lake 
(Table 3). Only on Rainy Lake, with its less than natural water level 
fluctuation, was the loon reproductive rate similar to those of loon 
populations that nest on naturally fluctuating lakes (Table 3). The 
reproductive rate from Namakan Reservoir, with its larger than natural water 
level fluctuations, was significantly lower than on Rainy Lake and other lakes 
that fluctuate naturally. 

Territory occupancy was also significantly lower on the Namakan Reservoir 
lakes, averaging 13% less than on Rainy Lake and the naturally fluctuating 
interior lakes. This difference was similar to that observed by Barr (1986) 
on lakes experiencing greater than 1.5 m (4.9 ft) fluctuations. 

Loon nesting success from 1983-1986 was higher on Rainy Lake (70.2%) than on 
Namakan Reservoir (50.0%) and the park's interior lakes (35.0%). On the large 
regulated lakes, the most common cause of nest loss was rising lake levels in 
June (63.6%, n=28/44 losses). Desertion, due to human disturbance, and 
predation accounted for 27.3% of the nest losses. Nest loss on the interior 
lakes, however, was primarily due to predation and desertion (61.6%, n=16/26 
losses). No nests were flooded out in the interior lakes. Islands and bogs 
were the two principal sites used by loons for nesting. On the large lakes, 
bog nesting attempts were successful 77.8% of the time while 54.8% of the 
island nests were successful. 

The reproductive success of red-necked grebes was also found to be adversly 
affected in this regulated lake system. Only 14.4% of 160 known nesting 
attempts were successful from 1983-1986. Rapidly rising water levels in June 
resulted in approximately 50% of the nests being flooded out. Consequently, 
mean reproductive rates from both Rainy Lake (0.15 fledged yg/pr/yr) and 
Kabetogama lake (0.17 fledged yg/pr/yr) were lower than those observed on some 
naturally fluctuating lakes in British Columbia (0.71) and north central 
Minnesota (0.56)(Munro 1941; Perry and Block 1983). 

A relationship between lake level changes in June and the proportion of flood
ed out nests of the other marsh-nesting birds, which included both surface and 
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Table 3. Comparison of loon reproductive rates In Yoyageurs National Park, 
1979-86, with those from populations from other lakes with naturally 
fluctuating water levels, (from Reiser 1988) 

Location 

Yoyageurs National Park 

Parkwide 
Rainy Lake 
Namakan Reservoir 
Inland lakes 

Other populations 

Saskatchewan 
Northcentral Minnesota 
Northeastern Minnesota 

Adult 
Pairs 
N 

582 
198 
256 
128 

198 
25 
224 

Fledged 
young 
N 

227 
112 
64 
49 

106 
20 
106 

Fledged 
young/ 
pair/year 

0.39 
0.57 
0.25 
0.38 

0.54 
0.80 
0.51 

Reference 

This study 
This study 
This study 
This study 

Yonge, 1981 
Mclntyre, 1975 
Mooty and Goodermote, 

1985 
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above-water nesters, was evident even though they were analyzed as a group. 
Nest losses due to flooding were higher for the pied-billed grebe and black 
tern, which nest on the water surface, than for the blackbirds, which nest 
above the water. 

Based on multiple regression analysis, June lake level changes were 
significant in explaining the percent of flooded-out nesting attempts of loons 
and red-necked grebes but were not significant for the other marsh nesting 
birds. When computed natural lake level changes for the month of June, 1983-
1985, were used in the regression equations, the predicted percent of nests on 
Namakan Reservoir lost to flooding decreased. The mean loss for 1983-85 under 
actual conditions was 47.12 while under the computed natural conditions it 
would have been 27.12. During the same period on Rainy Lake, the actual loss 
to flooding was 26.92 and the loss under projected natural conditions would 
have been 25.42. Based on these projections, the number of young lost from 
flooded nests on both water bodies would have been reduced by approximately 
502 under natural conditions. These simulation results, however, should be 
considered more as indicators of direction of change than as specific 
percentages since the ability to predict the number of nests lost to flooding, 
while moderate, was not statistically significant. 

Similar comparisons for red-necked grebes showed that if natural conditions 
prevailed, the mean nest loss on Rainy Lake would increase from 45.62 to 
49.92, while on Namakan Reservoir it would decrease from 76.72 to 9.52. 
Overall, this would result in a 38.62 decrease in the number of young lost to 
flooding. 

The aquatic and marsh nesting bird community on Voyageurs National Park's 
large lakes would benefit if the regulated lake levels were allowed to peak by 
the first week of June and then were held relatively stable through the second 
week of July. This will provide more suitable conditions throughout the 
common loon's entire incubation period, and it should also provide better 
nesting conditions for the other species since most of them are incubating 
clutches by the second week of June. Most importantly, this should reduce 
nest losses due to flooding. 

Conditions for the marsh dwelling birds could also be improved by allowing 
water levels to decline after the majority of the nesting is completed or 
about the beginning of July. Summer drawdowns such as this are commonly used 
to increase the distribution and diversity of the emergent plants (Kadlec 
1962; Keddy and Reznicek 1985). Assuming the aquatic vegetation responds 
favorably, increases would probably also be seen in the associated bird 
community. 

Osprey 

Introduction. The osprey (Pandion haliaetus) is a large fish-eating bird of 
prey that has been classified as a special concern species by the Minnesota 
Department of Natural Resources (MDNR 1984). Because they always nest over or 
adjacent to water and feed almost exclusively on fish, osprey are susceptible 
to changes in the aquatic environment. These natural history traits make the 
osprey an important species for study in Voyageurs because of the alterations 
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In lake levels that have occurred. The purpose of this study was to: (1) 
Identify factors that influence the current distribution, abundance, and 
reproductive success of osprey in the park; and (2) compare present conditions 
and osprey population status with reconstructions of the environment and 
populations that existed before the lake levels were altered (Cuthbert and 
Rothstein 1988, Appendix 9). 

Methods. Osprey distribution and reproductive success in 1985 and 1986 were 
estimated from aerial and ground nest surveys conducted in spring and late 
summer. Patterns of osprey reproductive success were examined to Identify 
differences among three park areas that were delineated on the basis of water 
level fluctuations, fish productivity, and human disturbance. The areas were 
Rainy Lake, Kabetogama Lake, and Namakan/Sand Point Lakes. Comparisons 
between foraging behavior in the three areas were also made. 

Reproductive and distributional information for osprey from park files for the 
period from 1973 to 1984 was combined with the 1985-86 data (Grim 1987). The 
resulting data set was analyzed by linear regression to determine if a 
relationship existed between years and the number of occupied nests, 
fledglings, and reproductive success. Information on nest site 
characteristics including tree species used, distance of nests from foraging 
site, proportion of nests located in beaver ponds, and average lifespan of 
nests was also obtained from park files. 

A stochastic model was used to predict how different levels of human 
disturbance may influence the growth of the park's osprey population. 
Demographic data obtained in 1985 and additonal data from the osprey 
literature were used as input for the model. Reproductive success of the 
park's osprey population was manipulated by varying reproductive rates and by 
changing the number of nests assigned to either a high or low success 
category. Each simulation was carried out through 15 years. 

Results. There were 24 active osprey nests in Voyageurs National Park in 1985 
and 1986, indicating an adult population of at least 48 birds; based on the 
1973-86 data, the population is increasing (Table 4). Generally, osprey nest 
sites in Voyageurs are concentrated in three areas: (1) several large bays off 
Grassy Bay in Sand Point Lake; (2) the east end of Kabetogama Lake; and (3) 
the west end of Kabetogama Lake extending into the Black Bay area on Rainy 
Lake. 

Osprey distribution was strongly influenced by the availability of nest sites 
resulting from beaver activity. Seventy-eight percent of all nests from 1973-
86 were in beaver ponds located from 0.1 to 2.4 km (0.06 to 1.5 miles) from 
one of the main lakes, which was assumed to be the principal foraging site. 
The remaining nests (22%) were located on islands either on a main lake or one 
of the interior lakes. 

In 1985 and 1986, mean reproductive success for the park was 0.98 fledglings 
per pair. There were no significant differences among regions in nest 
occupation, number of chicks fledged, percent of nestlings fledged, or 
fledglings/pair. There were, however, significant differences between Rainy 
Lake and Namakan/Sand Point Lakes in the number of nestlings and percent of 
nests that fledged young. The Namakan/Sand Point region consistently ranked 
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Table 4. Number of occupied osprey nests by region In Voyageurs National 
Park, 1973-86. (from Cuthbert and Rothsteln 1988) 

Year 

1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

Kabetogama 

6 
2 
1 
5 
6 
4 
4 
5 
6 
7 
8 
8 
8 
9 

Namakan/Sand Point 

2 
3 
3 
4 
5 
4 
6 
5 
5 
4 
6 
6 
8 
6 

Rainy 

3 
2 
4 
3 
1 
2 
3 
4 
4 
4 
8 
8 
8 
9 

Total 

11 
7 
8 
12 
12 
10 
13 
14 
15 
15 
22 
22 
24 
24 
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low 1n all reproductive characteristics even though it started each season 
with a similar number of occupied nests as the other regions. From nest site 
observations. It appeared osprey nests in this region were often abandoned 
late in the Incubation period. While the cause for this is unknown, it 
apparently has suppressed reproductive success in this region. 

The gradual increase in the number of active osprey nests that occurred 
parkwlde over the period 1973-1986 has been accompanied by increases in the 
numbers of fledglings in all regions except Namakan/Sand Point. Reproductive 
success or fledglings/pair, however, has only increased significantly in 
Kabetogama Lake. 

There were no significant differences between regions in foraging behavior. 
Osprey usually foraged in shallow water areas in bays or around islands that 
were close to their nest. Birds from west Kabetogama Lake, however, were also 
observed foraging in Black Bay on Rainy Lake. Based on fish remains recovered 
at nests and estimated lengths of fish captured by osprey, yearling or young-
of-the-year northern pike appeared to be the preferred prey species. Yellow 
perch was the second most abundant species at nests. 

Lakes with a larger proportion of littoral zone may be most beneficial to 
ospreys since they provide better foraging conditions. The Rainy Lake region 
has the largest littoral percentage with much of it being concentrated in 
Black Bay. Utilization of this productive area by osprey from both the 
Kabetogama and Rainy lake regions may have contributed to their higher 
reproductive success. 

Although no direct relationship between foraging and fluctuating water levels 
was identified, it was suggested that water level fluctuations may indirectly 
influence nest site distribution and foraging behavior by supressing 
populations of northern pike and yellow perch, their principal prey items. 
Reproduction of both species has been found to be impacted by fluctuating 
water levels (Kallemeyn 1937a, 1987b). 

Osprey reproductive success did not appear linked to water level fluctuations 
either. Reproductive success in Kabetogama Lake was similar to Rainy Lake 
even though it was subject to the same water level fluctuations as 
Namakan/Sand Point Lakes. Overlap in foraging areas, however, may have 
contributed to some of the similarity between these regions. As previously 
mentioned, birds from Kabetogama Lake were observed foraging in Black Bay and 
it is conceivable that birds may move in the opposite direction. Apparently, 
osprey compensate for local differences in fish availability by traveling 
whatever distance is required to secure food for their offspring. 

Potential human disturbance of osprey nest sites was divided into four 
categories: aircraft, motorboat, canoe, and people on foot. Because most 
osprey nests in the park are isolated, human disturbance was generally 
minimal. Aircraft were the prevalent form of disturbance in the park except 
on Kabetogama Lake where motorboats were the most frequent source of 
disturbance. Disturbance by canoes or people on foot was low throughout the 
park. 

Osprey response to human disturbance was usually minimal, consisting either of 
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just looking at the source of the disturbance or not responding. Disturbances 
within 50 to 100 m (160 to 320 ft) of the nest, which usually were associated 
with canoes or people on foot, caused the attending adult to become extremely 
agitated and often resulted In it leaving the nest for periods of 15 minutes 
or more. The effect of this would be more damaging during incubation and 
early hatching than in later stages of the reproductive cycle. 

Results of the population growth simulation indicated that a reproductive 
success rate of 0.96, which 1s similar to the 0.98 actually experienced in 
1985-86, would cause the population to slightly more than double after 15 
years. Based on these results and the actual changes that have occurred in 
Yoyageurs population from 1973 to 1986, it appears the osprey population in 
Voyageurs can tolerate the current low amount of human disturbance that is 
occurring within the park. Osprey reproductive success would probably 
decline, however, if human disturbance within 50 to 100 m (160 to 320 ft) of 
nests were allowed to increase above current levels. 

Aquatic Vegetation 

Introduction. Aquatic plants contribute significantly to the productivity of 
the aquatic ecosystem (Wetzel 1975). They play a major role in maintaining 
fish productivity by providing food, shelter, and spawning habitat (Keast 
1978; Johnson and Stein 1979; Chubb and Liston 1986; Kallemeyn 1987b). 
Numerous birds rely on them for nesting, resting, and feeding sites and they 
also provide food and shelter for muskrats and numerous other animals (Weller 
1981). 

The distribition and abundance of aquatic plants are the result of 
interactions between numerous abiotic factors such as light, temperature, 
nutrient availability, and sediment composition (Barko et al. 1986). In 
lakes, the amount of exposure to wave action also has a significant effect on 
the distribution of aquatic plants (Hutchinson 1975; Spence 1982; Keddy 1983). 

Water level fluctuations have been found to have a major effect on aquatic 
vegetation (Quennerstedt 1958; Nichols 1975; Keddy and Reznicek 1985). 
Seasonal fluctuations may actually increase species diversity (Stuckey 1975), 
however, the amplitude or frequency of fluctuations that will maximize 
diversity is unknown (Keddy and Reznicek 1985). High water levels, such as 
those now maintained on Rainy Lake and Namakan Reservoir throughout the 
growing season, tend to limit emergent vegetation (Harris and Marshall 1963; 
Kadlec 1962). Drawdowns are commonly used by wetland and fisheries managers 
to overcome this limiting effect and to increase the distribution and 
diversity of emergent plant species (Kadlec, 1962; Groen and Schroeder, 1978; 
Keddy and Reznicek, 1985). 

Methods. Studies of Voyageur's aquatic vegetation were conducted because of 
its biological importance and the unknowns concerning the impacts of water 
level fluctuations, particularly in regard to the amplitude of the 
fluctuations. In 1982 and 1983, aquatic vegetation was sampled at eleven 
sites, three each on Rainy, Kabetogama, and Namakan Lakes, and two on Sand 
Point Lake (Monson 1986). Meeker and Wilcox (1988)(Appendix 10) sampled on 
Rainy and Namakan Lakes in 1987. Additionally, they utilized Lac La Croix, a 
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large naturally regulated lake located approximately 32 km (20 miles) upstream 
from Namakan Lake, as a control site, Lac La Croix's mean annual fluctuation 
of 1,6 m (5.2 ft) falls between those of Rainy and Namakan Lakes. In 
comparison to the regulated lakes, water levels in Lac La Croix gradually 
decline after early June rather than remaining stable and there Is greater 
year to year variability in water levels. 

Results and conclusions in both investigations were derived from vegetation 
samples collected from within quadrants along transects. The basis for 
establishment of the transects in the two studies was different, however. 
Monson (1986) centered his transects in each of the recognizable vegetation 
zones in order to focus the sampling effort on the populations of emergent, 
floating-leaf, and submerged plants. Meeker and Wilcox (1988) based their 
transect placement on depths relative to mean high water. 

Results. With the exception of Kabetogama Lake, there was a high degree of 
similarity in the specific composition of the aquatic plant community in the 
various lakes. Variation between sites on Kabetogama Lake was also rather 
large. There was also a high degree of similarity between the 1982 and 1983 
populations at a site. 

Monson (1986) concluded that there was little to suggest that aquatic 
vegetation in Rainy Lake was responding any differently to water-level 
fluctuations than were the lakes in Namakan Reservoir. He attributed the 
inconsistencies in his results to inadequacies in sampling effort and the 
inconsistency in the magnitude and timing of the annual water level 
fluctuations. 

Meeker and Wilcox's (1988) results indicate Monson's inability to detect 
differences between the lakes may indeed have been due to inadequacies in his 
sampling design. They found elevation alone was not as important as elevation 
mitigated by the period of inundation (hydroperiod) in determining vegetation-
al distributions. They concluded that a study would likely fail to detect 
differences in the plant assemblages unless it included a fixed point from 
which the period of inundation could be estimated. Monson did not account for 
hydroperiod in his study. 

While shoreline vegetation was similar in all three lakes, significant 
differences were evident in plant assemblages from deeper waters. Aquatic 
plant communities in highly regulated Namakan Lake were not similar to those 
in naturally regulated Lac La Croix. Part of this variation in vegetational 
types was attributable to the number of days the area was exposed prior to the 
annual inundation. The prolonged drawdown on Namakan Lake apparently favored 
the development of mat forming and amphibious species. The mat forming 
species, while providing a dense substrate cover, do not extend up into the 
water column. The amphibious species, which may extend into the water column 
for approximately 1.0 m (3 ft), do not offer much structural diversity since 
only their stem survives inundation. In Lac La Croix, erect forms of typical 
growth aquatic macrophytes predominated. The authors suggested these plants 
by providing considerably more surface area, create a more complex aquatic 
environment, one more favorable for the production of fish and the organisms 
they prey on. 
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Both Monson (1986) and Meeker and Wilcox (1988) speculated on what conditions 
in Namakan Reservoir cause the almost complete absence of wild rice, Zizania 
aquatica. Potential limiting factors they identified included: (1) seeds or 
seedlings being unable to survive the annual exposure, (2) water to deep for 
the plants to grow through, (3) plants cannot keep up with the rate of water 
levels increase, and (4) too much competition from other emergent plants. 
Meeker and Wilcox (1988) suggested wild rice be considered an Indicator of a 
healthy aquatic community, with management actions taken to restore it in 
Namakan Lake likely to have a favorable effect on the entire aquatic plant 
community. To improve conditions for wild rice, they recommended hydrological 
conditions on Namakan Lake be changed so that they more closely mimic those on 
Lac La Croix, which has viable stands of wild rice. 

Benthos 

Introduction. A study was conducted to determine the effect of the regulated 
lake levels, particularly the overwinter drawdown, on the benthos community in 
the park's large lakes (Kraft 1988; Appendix 11). The benthos, which consists 
of those organisms that inhabitat the bottom substrates of the lakes, is an 
important component of the aquatic community. It's members serve as a link 
between the primary producers and decomposers, and higher trophic levels, 
often serving as major food sources for fish (Wetzel 1975). Additionally, 
they play an important role in the cycling of nutrients in lake systems 
(Gardner et al. 1981). 

Water level fluctuations have generally been found to reduce and/or alter the 
composition of the benthic community occupying the littoral zone. The 
reduction or alteration may result from the elimination of aquatic macrophytes 
(Grimas 1961), substrate alteration by erosion (Grimas 1961; Cowell and Hudson 
1968), changing water chemistry (McLachlan 1970), actual stranding of 
organisms (Benson and Hudson 1975; Kaster and Jacobi 1978), and by the 
exposure of substrates to air or ice cover (Ioffe 1966; Paterson and Fernando 
1969; Kaster and Jacobi 1978). The extent of the impact is dependent on basin 
morphometry and the frequency, timing, and duration of the fluctuations 
(Ploskey 1986). 

Methods. Sampling was conducted at five sites from August 1983 to June 1986. 
Each of the Namakan Reservoir lakes had a study site while Rainy Lake had two 
sites. At each of the study sites, triplicate Ekman grab samples were 
collected along a transect at depths of 1, 2, 3, 4, and 5 meters (3.3, 6.6, 
9.8, 13.1, and 16.4 ft) with two exceptions. Five meter depths did not occur 
and the four meter depth was only found on two occasions at one of the Rainy 
Lake sites. At the Kabetogama Lake site, the five sampling depths were marked 
with bouys on July 24, 1934 and all subsequent samples were collected near 
these buoys regardless of water depth. Comparisons between sites were 
primarily based on samples collected on the six occasions when all five sites 
were sampled. Sampling during the fall and winter months was restricted to 
the site on Kabetogama Lake. 

A total of 732 Ekman grab samples were collected during the study. Samples 
were washed through a #30 U. S. Standard sieve and preserved in a mixture of 
80% ethanol and 1% rose bengal dye. Animals were hand picked by examining 

37 



small amounts of sieved material, dispersed in water, 1n a white enamel tray. 
Individual animals were identified to genus or higher taxonomlc level and 
counted. 

A Shannon-Wiener diversity index and an equitability value were determined for 
each sample collected on the six common sampling dates (Krebs 1972). 

Results. Water level data obtained from guaglng stations produced under-
estimations of the duration and extent of dewatering due to ice formation 
removing liquid water. For example, the 1 m (3.3 ft) station on Kabetogama 
Lake was found to be dewatered and covered with 0.25 m (0.8 ft) of 1ce 15 days 
prior to when the lake level data indicated the station became dewatered. 
Lake level data also indicated the 3 m (9.8 ft) station on Kabetogama Lake was 
always below the drawdown zone, but when samples were collected there in 
March, 1986 there was no water above the sediment. This observation and 
others indicated that when the ice thickness was at it's greatest, the effect 
of the drawdown was approximately 0.4 m (1.3 ft) greater than the water level 
data indicated. This may cause the 1.0 m (3.3 ft) station on Rainy Lake as 
well as the 3.0 m (9.8 ft) station on Namakan Reservoir to be dewatered in 
some winters. 

Based on lake level data, the duration of dewatering at the 1.0 and 2.0 m (3.3 
and 6.6 ft) sampling depths on Namakan Reservoir ranged from 111 to 119 days 
and from 39 to 52 days, respectively, during the winters of 1983-84 to 1985-
86. Actual values of course would have been longer. A massive layer of ice 
was in direct contact with the substrate for most of this period. 

The average density of invertebrates exhibited a pattern similar to that 
recorded by Kepner and Stottlemyer (1988) for phytoplankton primary 
productivity. Invertebrate densities in Kabetogama Lake were approximately 
2.7 times higher than in the other three lakes, in which the densities were 
roughly equal (Table 5). The density in Kabetogama Lake was not, however, 
uniformly higher throughout the year. The lowest densities in Kabetogama Lake 
occurred most often at depths affected by the overwinter drawdown and most 
often in June following low water periods. Apparently, overwinter drawdowns 
reduced, at least temporarily, densities in the fluctuation zone. An earlier 
and shallower drawdown in the winter of 1984-85 may have contributed to the 
higher invertebrate densities observed in all the Namakan Reservoir lakes in 
the summer of 1985. 

The variation in numbers of taxa between sampling periods and depths also 
indicated there was greater instability in the benthos community in the 
Namakan Reservoir lakes. The fact that the Kabetogama Lake site had the 
highest mean number of taxa at the 3, 4, and 5 m depths, but not at 1 and 2 
meters, suggests that the overwinter drawdown in Namakan Reservoir resulted in 
a reduction in the number of taxa in the drawdown zone. Samples collected at 
the fixed Kabetogama Lake sites indicated that the overwinter dewatering 
reduced both the density and the number of taxa in the drawdown zone, with 
neither recovering to a near normal pattern until August. 

Diversity and equitability indicies also indicated the benthos community was 
adversely impacted by the greater than natural water level fluctuation on the 
Namakan Reservoir lakes. Differences in mean diversity values between Rainy 
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Table 5. Mean number of invertebrates per square meter In benthos samples 
collected from two locations on Rainy Lake and three locations on 
Namakan Reservoir on six common dates from June 1984-June 1986. 
(from Kraft 1988) 

Depth, m 

1 
2 
3 
4 
5 

Mean 

Rainy 
Harrison 

5,834 
4,831 
1,421 
1,060 
811 

2,791 

Lake 
Black 

4,697 
1,799 
3,155 
3,086a 

NS 

3,184 

Kabetogama 

14,359 
8,809 
5,089 
4,831 
4,534 

7,524 

Namakan Reservoir 
Namakan 

6,368 
4,370 
1,064 
1,275 
1,043 

2,824 

Sand Point 

4,693 
4,002 
2,787 
947 

1,335 

2,753 

a sampled on only two dates 
NS no samples 

Table 6. Mean diversity and equitability values for benthos samples collected 
from Rainy Lake (RL) and Namakan Reservoir (NR) on six common 
sampling dates, June 1984-June 1986. (from Kraft 1988) 

Depth, m 

1 
2 
3 
4 
5 

Diversi 
RL 

2.155 
1.980 
1.999 
1.852 
1.807 

ity 
NR 

1.672 
1.690 
1.864 
1.836 
1.789 

Equitai 
RL 

0.70 
0.70 
0.76 
0.81 
0.82 

bility 
NR 

0.58 
0.60 
0.71 
0.74 
0.75 
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Lake and Namakan Reservoir were relatively large at the depths subject to 
drawdown, but very small at four and five meters (Table 6). A similar pattern 
was evident 1n the mean equ1tab1l1ty values for the two water basins with the 
largest differences between the two occurring at the depths affected by 
drawdown 1n Namakan Reservoir (Table 6). 

The stranding of organisms was observed frequently in winter samples. Samples 
collected at dewatered locations contained up to 23,392 organisms per square 
meter. This density was one of the highest observed during the entire study 
and suggests the animals had concentrated there before becoming stranded. 
Many of the animals that became stranded died. For example, up to 70% of the 
Hexagenia sp. and 18% of the amphipods in samples of dewatered sediment from 
the 2 m station on Kabetogama Lake in March, 1985 were dead. One month later, 
no live Hexagenia sp. or amphipods were found at this location. 

The effects of the regulated lake levels on individual taxa were also found to 
be most obvious in the drawdown zone. The isopod genus, Asellus sp., has 
apparently been eliminated from the Namakan Reservoir lakes. Densities of the 
alderfly Sialis, which is sensitive to lake level regulation (Grimas 1961), 
and two mayfly genera, Hexagenia and Caenis, were lower in the drawdown zone 
in the Namakan Reservoir lakes. The densities of chironomids, which quickly 
recolonize newly submerged areas (Cowell and Hudson 1968), were higher at the 
three Namakan Reservoir sites than at the two Rainy Lake sites, particularly 
in the fluctuation zone. 

The large drawdown on Namakan Reservoir may have reduced the number of snails 
and also caused a shift in their distribution. On Rainy Lake, the highest 
snail densities occurred at the 1 m (3.3 ft) stations, whereas, at the Namakan 
sites the highest densities occurred at the 2 m (6.6 ft) stations. A similar 
shift in distribution of Unionid mussels has apparently occurred (Dr. W. L. 
Downing, pers. comm). Dr. Downing and his associates, using SCUBA equipment, 
collected all living clams in an area 1 m (3.3 ft) each side of transects that 
ran perpendicular to shore to a depth of 8 m (26.2 ft). Rainy Lake yielded 
more clams with most of them being collected between the depths of 1.5 and 4.0 
m (4.9 and 13.1 ft). In Kabetogama and Namakan Lakes, no clams were found 
shallower than 4.0 m (13.1 ft). Dr. Downing observed that the park's large 
lakes contained fewer Unionid mussels than the environment would suggest would 
be there; and that they do not grow in the shallower reaches, which is the 
usual habitat of such clams. Conceivably, the drawdown could limit the clam 
populations either directly through death resulting from stranding or by 
forcing them to live at depths not considered optimal for growth. Drawdown has 
been observed to result in the stranding of large numbers of clams (Kaster and 
Jacobi 1978), and in a Maine lake, it caused two unionid mussels to virtually 
disappear (Samad and Stanley 1986). 

Boat Docks 

Introduction. There is substantial lakefront development outside and 
contiguous with the boundary of Voyageurs National Park. Development on Rainy 
Lake includes the towns of International Falls, Minnesota and Fort Francis, 
Ontario, approximately 2000 private lakefront homes and cottages, and about 38 
summer tourist camps (Chevalier 1977). Over 50 resorts and campgrounds plus 
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numerous private homes and cottages are located along the southern boundary of 
the park at Kabetogama, Ash River, and Crane Lake. Boat docks and adequate 
water for navigation are a major concern of lakefront property owners, 
particularly resort and houseboat operators. 

Methods. Unusually dry weather 1n the winter and spring of 1987 and the 
resulting low lake levels yielded an excellent opportunity to examine the 
relationship between boat docks and lake level elevations. During the period 
from May 4-11, a profile leveling technique (Schwab et al. 1963) was used to 
measure substrate elevations at the end and middle (equal to the point midway 
between the end of the dock and where 1t attaches to shore) of 41 docks on 
Rainy Lake and 63 docks on the Namakan Reservoir lakes. Elevation of each 
dock's walking surface was measured at the end of the dock. 

Results. Substrate elevations at the ends of docks on the Namakan Reservoir 
lakes ranged from 337.57 to 340.31 mmsl (1107.5 to 1116.5 ft msl) while at the 
midpoint the range was from 337.72 to 340.46 mmsl (1108.0 to 1117.0 ft msl) 
(Table 7). On Rainy Lake, substrate elevations at the ends of the docks 
ranged from 334.83 to 337.11 mmsl (1098.5 to 1106.0 ft msl) and at the 
midpoint from 335.44 to 337.42 mmsl (1100.5 to 1107.0 ft msl) (Table 7). 

As would be expected, walking surfaces on the majority of the docks on Namakan 
Reservoir and Rainy Lakes are above the 1970 Rule Curve emergency condition 
upper levels of 340.95 and 337.76 mmsl (1118.6 and 1108.1 ft msl) (Table 7). 
However, the walking surfaces on approximately 38% and 51% of the docks on 
Namakan Reservoir and Rainy Lake, respectively, are within 0.3 m (1.0 ft) of 
the emergency conditions upper level. These docks appear susceptible to storm 
damage since lake levels during the summer typically are at or near the top of 
the rule curves, which coincide with the emergency condition upper level 
during that period. 

Significant differences exist in the distribution of docks relative to lake 
level elevations under the 1970 Rule Curve on Namakan Reservoir and Rainy 
Lake. On Rainy Lake, approximately 63% of the docks have water up to the 
midpoint of the dock when the lake levels are at the bottom of the rule curve. 
Under the same conditions on Namakan Reservoir, less than 2% of the docks have 
water at their midpoint. With the 1970 Rule Curve, most docks in Rainy Lake 
typically are in the water throughout the year while on Namakan Reservoir 
approximately 80% of the docks are dewatered for at least a portion of the 
winter. 

There are also major differences in the lake level-dock relationship on the 
two water bodies during the critical ice-out and fishing opener season. Based 
on the 1970 Rule Curve and existing distributions of docks, only 3.2% of the 
docks in Namakan Reservoir would have 0.3 m (1.0 ft) of water at the end of 
the dock on April 21 if the lake level is at the bottom of the rule curve 
(Table 8). The percentage increases to 7.9% and 46.0% if the lake levels are 
at the center or top of the rule curve. The comparative figures for Rainy 
Lake are 70.7%, 78.1%, and 95.1%. If lake levels are at or below the center 
of the rule curve on May 15, which is usually near the fishing opener, nearly 
50% of the docks on Namakan Reservoir will not have 0.3 m (1.0 ft) of water at 
the end. Over 90% of the Rainy Lake docks would have 0.3 m (1.0 ft) at their 
end under the same conditions. Approximately 25% of the Namakan Reservoir 
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Table 7. Frequency distributions of lake bed and walking surface elevations 
of boat docks on Rainy Lake (H=41) and Naaakan Reservoir (N=63). 
1987. Lake bed elevations were Measured at the end of the dock and 
at a point (Middle) halfway between the outside end and the point 
where the dock attached to the shore, imsl = Meters above mean sea 
level, ft MSI • feet above Mean sea level. 

Elevation 
mmsl 
<33b.44 

335.44-335.59 
335.59-335.74 
335.74-335.89 
335.89-336.04 
336.05-336.20 
336.20-336.35 
336.35-336.50 
336.50-336.65 
336.66-336.81 
336.81-336.96 
336.96-337.11 
337.11-337.26 
337.26-337.42 
337.42-337.57 
337.57-337.72 
337.72-337.87 
337.87-338.02 
338.03-338.18 
338.18-338.33 
338.33-338.48 
338.48-338.63 
338.64-338.79 
338.79-338.94 
338.94-339.09 
339.09-339.24 
339.25-339.40 
339.40-339.55 
339.55-339.70 
339.70-339.85 
339.86-340.01 
340.01-340.16 
340.16-340.31 
340.31-340.46 
340.47-340.62 
340.62-340.77 
340.77-340.92 
340.92-341.07 
341.08-341.22 
341.23-341.38 
341.38-341.53 
341.53-341.68 

>341.68 

End 
2 
4 
7 
4 

3 
1 
8 
3 
5 
2 
2 

Rainy 
Middle 

---
1 
3 
1 
3 
2 
2 
2 
4 
8 
7 
3 
2 
3 

— 

Lake 
Surface 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

3 
18 
9 
3 
6 
2 

Namakan Reservoir 
End 
— -
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

2 

1 
2 
3 
4 
2 
9 
6 
6 
6 
6 
3 
3 
6 
2 
2 

Middle 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

1 
— 
— 
— 
— 
— 

4 
2 
2 
2 
4 
10 
11 
10 
4 
7 
3 
3 

— 

Surface 
---
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

4 
5 
15 
14 
11 
11 

3 

Elevation 
ft msl +1100 

<1100 
0.50-0.99 
1.00-1.49 
1.50-1.99 
2.00-2.49 
2.50-2.99 
3.00-3.49 
3.50-3.99 
4.00-4.49 
4.50-4.99 
5.00-5.49 
5.50-5.99 
6.00-6.49 
6.50-6.99 
7.00-7.49 
7.50-7.99 
8.00-8.49 
8.50-8.99 
9.00-9.49 
9.50-9.99 
10.00-10.49 
10.50-10.99 
11.00-11.49 
11.50-11.99 
12.00-12.49 
12.50-12.99 
13.00-13.49 
13.50-13.99 
14.00-14.49 
14.50-14.99 
15.00-15.49 
15.50-15.99 
16.00-16.49 
16.50-16.99 
17.00-17.49 
17.50-17.99 
18.00-18.49 
18.50-18.99 
19.00-19.49 
19.50-19.99 
20.00-20.49 
20.50-20.99 

>21.00 
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docks would still not have 0.3 m (1.0 ft) of water at the end even if lake 
levels were at the top of the rule curve. Thus, while Namakan Reservoir docks 
are less susceptible to damage at ice-out than Rainy Lake docks, they are much 
more likely to be either unuseable or only marginally useable at fishing 
opener. 

The proportion of docks that are useable could be increased by altering the 
rule curve so it provides for higher lake levels earlier in the season. 
Should that prove to not be feasible then the only way to make the docks more 
useable 1s to lower the elevations associated with the docks. This could in 
many Instances be accomplished by extending the length or by relocating the 
docks so they can reach lower elevations. If neither of those options is 
feasible, it may be necessary to lower the substrate elevation by dredging. 
However, dredging should only be considered as a last resort due to the many 
adverse environmental impacts associated with it. 

Table 8. Proportion (I) of docks on Rainy Lake and Namakan Reservoir that 
would have 0.3 m (1.0 ft) of water at the end during the period 
April 21-June 1 if lake levels are at the top, center, or bottom of 
the International Joint Commission's 1970 Rule Curves. 

Date 

April 21 
May 1 
May 15 
June 1 

Namakan Reservoir 
Bottom 

3.2 
4.8 
36.5 
79.3 

Center 

7.9 
19.0 
55.5 
84.1 

top 

46.0 
55.5 
74.6 
96.8 

Bottom 

70.7 
78.1 
90.3 
100.0 

Rainy Lake 
Center 

78.1 
90.3 
95.1 
100.0 

Top 

95.1 
100.0 
100.0 
100.0 

Archeology 

Introduction. The establishing legislation for the National Park Service and 
several other pieces of legislation direct the agency to identify, protect, 
and preserve the cultural resources in its care. Significant efforts have 
been made by the NPS to identify the cultural resources of Voyageurs National 
Park since its authorization in 1971. Initially, the NPS funded site surveys 
that were conducted by the Minnesota Historical Society (Birk 1972; George 
1973; Watson et al. 1976) and the University of Minnesota (Gibbon 1977, 1978). 
All surveys conducted since 1979 have been done by personnel from the NPS's 
Midwest Archeological Center (Lynott et al. 1986). Personnel from the Center 
and park staff have collaborated on bank stabilization projects specifically 
designed to protect the park's archeological resources from the effects of 
elevated and regulated lake levels (Lynott 1984). 
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Methods. A reconnaisance survey to document the presence of prehistoric and 
historic archeological sites on Sand Point, Crane, and eastern Namakan Lakes 
was conducted by Wheeler and B1rk 1n 1972 (Blrk 1972). The Investigators 
relied heavily upon local artifact collectors for Information. Similar 
surveys were conducted by George (1973) 1n the Black Bay and Gold Shores areas 
of Rainy Lake and the State Point and Sullivan Bay areas on Kabetogama Lake. 

In 1976, a team from the University of Minnesota conducted an archeological 
survey of 2226 hectares (5500 acres) 1n Voyageurs National Park (Gibbon 1977). 
The survey combined probability sampling of selected transects with intensive 
surveys of exposed beaches. Shovel testing at 10 to 20 m (30 to 60 ft) 
intervals was done on the transects. Further surveys were conducted of 
lakeshore areas in the Kabetogama and Namakan Lakes areas in 1977 (Gibbon 
1978). 

The Midwest Archeological Center's 1979 survey covered approximately 443 
hectares (1094 acres) on Kabetogama and Namakan Lakes (Lynott et al. 1986). 
Fifteen survey transects, 175 m (574 ft) wide and ranging in length from 0.8 
km to 8.1 km (0.5 to 5.0 miles) were sampled. Shovel tests were done at 25 m 
(82 ft) intervals on each transect. Shovel tests were also used to determine 
the size of 38 sites that had been previously identified by Gibbon (1977, 
1978). Shovel testing and examination of exposed surfaces for archeological 
resources was also done at 47 park campsites in 1979. 

Because of unusually low water levels in 1980, the Midwest Archeological 
Center concentrated their efforts on a survey of beaches and cutbank areas 
along the shores of the park's major lakes (Lynott et al. 1986). Beaches and 
exposed soil areas were located by boat. Surface surveys, interval shovel 
testing, and in some areas, test excavations were then used to evaluate the 
archeological conditions in the area. 

Results. The 1976 archeological survey conducted by the University of 
Minnesota indicated the majority of prehistoric and historic occupants of the 
park area lived along the shorelines of the large lakes (Gibbon 1977). 
Subsequent intensive surveys of beaches exposed during the spring when water 
levels are lowest, demonstrated that prehistoric and historic Indian sites 
were present in high numbers, but that most of the sites had been partially or 
totally destroyed by the rise in lake levels resulting from the building of 
dams at Kettle Falls/Squirrel Falls and International Falls (Gibbon 1978; 
Lynott et al. 1986). About 752 of the prehistoric sites examined in 1979 and 
1980 had been completely eroded, displaced from their original context, and 
redeposited (Lynott et al. 1986). 

Although some archeological sites on the Namakan Reservoir lakes are located 
at higher elevations, the majority are located between the elevations of 340.2 
and 340.8 mmsl (1116 and 1118 ft msl) and thus, lie in the beach zone which is 
subject to the annual fluctuations in lake levels (Lynott 1984). A similar 
distribution of sites has been found on Rainy Lake, with the majority of the 
the sites occurring between the elevations of 337.6 and 338.5 mmsl (1107.6 and 
1110.6 ft msl) (J. Richner, Midwest Archeological Center, pers. comm.). Even 
those sites located above the present maximum lake levels are impacted by the 
fluctuating water levels. Intense wave action during the period when lake 
levels are at their summer peaks is particularly destructive to archeological 
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sites since 1t causes undercutting and bank slumping. The only sites in the 
park which have escaped damage are those located behind and protected by 
bedrock shorelines. 

In 1984, the National Park Service initiated a site stabilization program to 
protect significant archeological resources from shoreline erosion resulting 
from the elevated and fluctuating lake levels (Lynott 1984). Site protection 
1s accomplished by piling sediment against the eroding bank to decrease the 
slope. This 1s then covered with a layer of filter fabric which 1s followed 
by another layer of soil. Native grass 1s seeded Into this layer and covered 
with a turf stabilization mat. Rock r1p-rap is placed at the summer high 
water level to protect the bank from wave action. Through 1987, three sites 
have been protected on Namakan Reservoir at a cost of approximately $70,000. 
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ENVIRONMENTAL CONSEQUENCES 

The species and biological communities that were investigated in Voyageurs 
were generally found to be adversely affected by the present water management 
programs. They were especially impacted by the greater than natural water 
level fluctuations that occur on the Namakan Reservoir lakes. These plants 
and animals have been unable to adjust to the changes in the magnitude and 
timing of lake level fluctuations since the dams were constructed, and in 
particular to the water management program that has been used since 1971. 

Negative impacts on Voyageur's aquatic ecosystem occurred throughout the year 
with those that occurred in a particular season frequently the result of a 
combination of water level conditions that occurred in previous seasons. For 
example, high stable summer and early fall water levels contribute to spring 
spawning problems by causing potential vegetative and wave washed gravel 
spawning substrates to develop at relatively high elevations. This in 
combination with a large winter drawdown makes their flooding the following 
spring difficult, particularly in low runoff years. Thus, while poor spawning 
conditions are usually blamed on the low spring water levels, they are 
actually the culmination of a series of water management actions that occurred 
throughout the year. 

Similar interactions were observed for the other organisms that were studied 
1n the park. The large winter drawdown on Namakan Reservoir and the resultant 
low spring water levels which contribute to the large water level changes 
necessary in May and June were found to adversely affect aquatic bird nesting 
success and establishment of wild rice stands. High stable summer water 
levels, while extremely favorable for navigation, appeared to limit the 
establishment of wild rice and other aquatic vegetation. They also caused 
beaver and muskrat to build their houses and food caches at elevations that 
left them extremely susceptible to the larger than natural winter drawdown 
Namakan Reservoir experiences annually. The large winter drawdown, which 
caused up to 25% of the area of the Namakan Reservoir lakes to be dewatered 
annually, forced otter to alter their home ranges and limited the diversity 
and abundance of benthic organisms, an important food source for fish. 
Similar effects were noted for aquatic vegetation. 

Most of these biological problems could be overcome by implementation of a 
water management program that more closely approximates the magnitude and 
timing of natural fluctuations in lake levels with which these species 
evolved. In wetlands management, utilization of management procedures that 
simulate the natural, seasonal and annual fluctuations in water levels are 
believed to benefit more plants and animals and to result in a more typical 
marsh community than artificial management techniques (Ball, 1985; Weller, 
1978). Obviously, complete restoration of natural conditions in the park is 
not possible due to the presence of the dams and the requirements of other 
water users. Development of an alternative water regulatory program that is 
more ecologically sound is possible, however, given our understanding of the 
relationships between water levels and various biological factors. 
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Alternative regulatory systems should be evaluated biologically on their 
ability to simulate natural seasonal and annual fluctuations in water levels 
at the higher stages associated with the dams. On the basis of the projected 
natural or predam levels, this would require modifying the 1970 Rule Curves 
for Rainy Lake and Namakan Reservoir so that they provide for an earlier rise 
in water levels in the spring, relatively stable levels during June (<0.3 m or 
1.0 ft change), summer drawdowns of 0.6 and 0.9 m, respectively (2.0 to 3.0 
ft), an increase of 0.7 m (2.4 ft) in the winter drawdown on Rainy Lake, and a 
reduction of 1.0 m (3.3 ft) in the winter drawdown on Namakan Reservoir. The 
latter changes would increase the overall fluctuation on Rainy Lake to 1.6 m 
(5.4 ft) while decreasing it to 1.7 m (5.6 ft) on the Namakan Reservoir lakes. 
Realistically, these values can only be considered as goals since their 
complete implementation would undoubtedly result in significant conflicts with 
other water uses. 

Restoration of a relatively natural hydrological pattern will not only benefit 
the biological system but also the other water users. Higher water levels 
earlier in the spring, besides providing better spawning for walleye and 
northern pike, would increase the useability of docks and boat launching ramps 
and improve navigation. Additionally, the earlier high water levels will have 
a positive impact on aquatic bird nesting success by maintaining relatively 
stable water levels during the June nesting period. Wild rice would also 
benefit from this change. 

Summer drawdowns will reduce the frequency of floods and damage to docks from 
above normal precipitation, particularly during fall equinox storms. They 
will also make beaches more available for recreational use and lessen the 
destruction of archeological resouces. They will allow emergent vegetation to 
grow at lower elevations and thereby increase northern pike spawning habitat. 
Walleye spawning habitat will also benefit. Beaver and muskrat in the Namakan 
Reservoir lakes will also benefit from the summer drawdown, particularly if it 
is combined with a reduction in the winter drawdown. Depending on their 
magnitude, summer drawdowns may reduce late summer and fall navigation. On 
the basis of modeling results, summer drawdowns on Rainy Lake would adversely 
affect hydropower production. 

Reductions in winter drawdowns to more natural levels especially on Namakan 
Reservoir should have a positive effect on beaver, muskrat, otter, benthic 
organisms, and aquatic vegetation. By preventing the dewatering of spawning 
beds, winter drawdowns may also have a positive effect on the reproductive 
success of fall spawning fish, such as whitefish and cisco (Gaboury and 
Patalas 1984). 

47 



ALTERNATIVE RULE CURVES ASSESSMENT 

Introduction 

To tie the results of the environmental studies and the hydrology model to 
potential impacts from alternative rule curves, an impact assessment matrix 
was developed. It should be recognized that the values in the matrix are 
based on simplifying assumptions about complex ecological and economic 
relationships; they are indices rather than absolute values. Although this 
method has limitations, it allows the integration of information from numerous 
parameters at risk and facilitates discussions among concerned publics that 
will lead to mutually agreeable and beneficial uses of the water (Flug 1986). 

Methods 

The results of the research studies described above and contained in 
Appendices 1-11 and other available information from the scientific literature 
were used as criteria for evaluating the environmental consequences of 
alternative rule curves on the Rainy Lake-Namakan Reservoir system. Ranking 
factors were developed for those resources addressed in the studies as well as 
others considered significant to the area that might be affected by changes in 
the rule curves. Rankings from one to five were based on the following general 
definitions: 

Very poor (1) - The worst foreseeable conditions, biological production would 
be negligible, hydropower production would be severely 
reduced, etc. 

Low (2) - Poor, but biologically a minimal amount of production would 
occur, hydropower production would still be reduced to some 
extent, etc. 

Medium (3) - Adequate or average productivity, hydropower production would 
be similar to what has occurred under the 1970 IJC Rule Curve 

High (4) - Above average production, both biologically and for 
hydropower, but less than maximum 

Excellent (5) - The best foreseeable conditions either biologically or for 
hydropower 

Specific ranking factors for each of the significant resources and concerns 
were developed using these general definitions as guides (Table 9). Pollution 
control was not ranked since it was fixed in the hydrology model to meet 
legally established standards. 

The effect of an alternative rule curve on a specific resource or concern was 
evaluated using these ranking factors, with the results being entered into a 
matrix to allow comparisons between alternatives. Rankings for navigation, 
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Table 9. Ranking factors used to evaluate alternative water managenent 
programs for Namakan Reservoir and Rainy Lake. Current maximum lake 
level and flood level refer to levels established In the 
International Joint Commission's 1970 Rule Curve, nasi » meters 
above mean sea level. 

Resource, 
Rank Definition 

FISH and OSPREY ~ Namakan Reservoir 
1 Lake level <339.5 mmsl on May 1 + no summer drawdown 
2 Lake level 339.5-339.9 mmsl on May 1 
3 Lake level >339.9 mmsl on May 1 
4 Lake level 339.9-340.1 mmsl on May 1 + summer drawdown 
5 Lake level >340.1 mmsl on May 1 + summer drawdown 

FISH and OSPREY -- Rainy Lake 
1 Lake level <337.0 mmsl on May 1 + no summer drawdown 
2 Lake level 337.0-337.4 mmsl on May 1 
3 Lake level >337.4 mmsl on May 1 
4 Lake level 337.4-337.8 mmsl on May 1 + summer drawdown 
5 Lake level >337.8 mmsl on May 1 + summer drawdown 

BEAVER and MUSKRAT 
1 Overwinter drawdown >0.8 m 
2 Overwinter drawdown <0.8 m 
3 Overwinter drawdown <0.8 m + fall drawdown 
4 Overwinter drawdown <0.8 m + summer and fall drawdown 
5 Stable water levels all year 

OTTER 
1 Overwinter drawdown >2.3 m 
2 Overwinter drawdown 1.2-2.3 m 
3 Overwinter drawdown 0.8-1.2 m 
4 Overwinter drawdown 0.2-0.8 m 
5 No overwinter drawdown 

SHORE and MARSH NESTING BIRDS 
1 June lake level change >0.6 m 
2 June lake level change 0.3-0.6 m 
3 June lake level change <0.3 m 
4 June lake level change <0.3 m + summer drawdown 
5 June lake level change 0.0 m + summer drawdown 

WILD RICE and AQUATIC YEGETATI0N 
1 Lake level change 5/1-7/1 >0.5 m, overwinter drawdown >0.8 m 
2 Lake level change 5/1-7/1 0.3-0.5 m, " " " " >0.8 m 
3 Lake level change 5/1-7/1 0.3-0.5 m, " ' <0.8 m 
4 Lake level change 5/1-7/1 <0.3 m, " " M M >0.8 m 
5 Lake level change 5/1-7/1 <0.3 m, " " " " <0.8 m 
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Table 9. (continued) 

BENTHOS 
1 Overwinter drawdown >2.3 m 
2 Overwinter drawdown 1.5-2.2 m 
3 Overwinter drawdown 0.8-1.5 m 
4 Overwinter drawdown 0.2-0.8 m 
5 Overwinter drawdown 0.0 m 

BOAT DOCKS ~ Potential for ice damage 
1 >802 of docks with 0.3 m of water at the end on May 1 
2 60-792 of docks with 0.3 m of water at the end on May 1 
3 40-592 of docks with 0.3 m of water at the end on May 1 
4 20-392 of docks with 0.3 m of water at the end on May 1 
5 <202 of docks with 0.3 m of water at the end on May 1 

BOAT DOCKS -- Useability 
1 <202 of docks with 0.6 m of water at the end 
2 20-392 of docks with 0.6 m of water at the end 
3 40-592 of docks with 0.6 m of water at the end 
4 60-792 of docks with 0.6 m of water at the end 
5 >802 of docks with 0.6 m of water at the end 

ARCHE0L0GICAL RESOURCES and PUBLIC BEACHES 
1 Raise maximum lake levels above current maximum lake levels 
2 Maintain current maximum lake levels 
3 Reduce maximum lake level by 0.3 m 
4 Reduce maximum lake levels by 0.6 m 
5 Return lake levels to pre-dam levels 

HYDR0P0WER GENERATION 
1 Loss of >4.02, 
2 Loss of 0.5-4.02 
3 Gain or loss of <0.52 
4 Gain of 0.5-4.02 
5 Gain of >4.02 

FLOOD CONTROL 
1 Lake levels within 0.2 m of established flood level 
2 Lake levels below established flood level by 0.2-0.5 m 
3 Lake levels below established flood level by 0.51-1.0 m 
4 Lake levels below established flood level by 1.1-1.5 m 
5 Lake levels below established flood level by >1.5 m 

NAVIGATION 
1 Lake levels below current maximum level by >1.5 m 
2 Lake levels below current maximum level by 1.1-1.5 m 
3 Lake levels below current maximum level by 0.51-1.0 m 
4 Lake levels below current maximum level by 0.2-0.5 m 
5 Lake levels at maximum allowed under 1970 IJC Rule Curve 
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flood control, and boat docks were made for spring (May 15), summer (June 1-
August 31), and fall (September 1-October 1). Rankings for navigation and 
boat docks were based on minimum lake levels during a period while the 
converse was true for flood control. Boat docks were also ranked 1n regard to 
potential ice damage, with the ranking based on lake levels on May 1, which Is 
the median ice-out date for Kabetogama Lake (Kallemeyn 1987b). All other 
variables were given only one ranking. 

All rankings were done on the specific values in the curves. It was assumed, 
however, the curves would serve as the approximate midpoint of an operating 
band except when the curve reached the upper limits established by the 1970 
Rule Curve. In those instances, the alternative curve would serve as the 
upper limit of the operating band, which it was assumed would range from 0.2 
to 0.3 m wide. 

Eleven alternatives were evaluated with each consisting of a pair of curves, 
one for Rainy Lake and one for Namakan Reservoir. Each alternative was 
analyzed with the hydrology model using flow conditions for the period 1972 to 
1981. Based on mean annual flows for the Namakan River during the period 
1923-85, this ten year span was considered representative since flows were in 
the lower and upper quartiles two and three years, respectively and between 
the extreme quartiles the other five years. 

The feasibility of maintaining the lake levels under high flow conditions was 
evaluated for seven of the alternatives by running 10 high flow years through 
the hydrology model consecutively. The 10 high flow years were 1947, 1950-52, 
1966, 1968, 1969, 1971, 1972, and 1974. Although the basis for selecting 
these years was high flow conditions in April, May, and June, the mean annual 
flow from the Namakan River for all these years was in the upper quartile for 
the 1923-85 period. 

Results 

Principal characteristics of the eleven alternative rule curves are presented 
in Table 10, while plots of the curves and the results of the hydrology model 
analyses are presented in Figures 11-28. The matrix resulting from the 
application of the ranking factors to the various alternatives is presented in 
Table 11. The following assessments present the principal impacts of the 
eleven alternatives based on these graphic and tabular representations. Some 
alternatives with similar hydrologic characteristics have been grouped 
together, differences between them will be identified in the assessment. 

Alternative AF. Under this alternative maximum lake levels would remain the 
same on both Rainy Lake and Namakan Reservoir as would the minimum level on 
Rainy (Figure 11). The minimum level on Namakan would be raised by 0.5 m (1.6 
ft). Lake levels on Namakan and Rainy would be drawn down 0.5 m (1.6 ft) and 
0.2 m (0.7 ft), respectively during the summer. The overwinter drawdown on 
Namakan would be reduced to 1.6 m (5.2 ft) while on Rainy it would remain the 
same. Lake levels during spring spawning season (May 1) would be raised by 
approximately 0.5 m (1.6 ft) on both bodies of water. 

The principal changes associated with this alternative would result from the 
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TABLE 10: Comparison of Alternative Rule Curves with the International Joint Commission's 1970 Rule Curve for NameJcan Reservoir (NR) 
and Rainy Lake (RL). Percent(fc) Is variation from hydropower prcoMlon under the 1970 Rule Curve, mmsl - mtttrnbovt 
mean sea level, f t msl - feet above mean sea level. 

Lake Elevation Spawning Period Lake Levels* Mean Dally 
(+300 mmsl or 1100 f t msl) Annual Summer Winter (+300 mmsl o r + 1 1 0 0 f t . msl) Hydropower Production 

NR RL Fluctuation Drawdown Drawdown NR RL kwhx 100001) 
Alternative CUU nin Ma* hln NR RL NR RL NR RL May 1 Jun 1 Mav 1 Jun 1 Rainv LV/oods TPTAL 

1970RC m 40.95 3 7 . 9 1 3 7 . 7 5 36.69 3 .04 1.06 0.0 0.0 2.3 0.8 38.91 40.16 37.05 37,4S 2656 ( ) 325.7 ( )591.0( ) 
ft 18.6 8.6 8.1 4.6 10.0 3.5 0.0 0.0 7.7 2.6 11.9 16.0 5.8 7.1 

AF m 40.95 38.45 37.75 36.69 2.50 1.06 0.5 0.2 1.6 0.9 39.4340.9537.5437.75 272.9 (+2.9) 3275 (+06)600.4 (+16) 
ft 18.6 10.4 8.1 4.6 8 2 3.5 1.8 0.5 5.2 2.8 13.6 18.6 7.4 8.1 

IA m 40.62 39.09 37.75 36.99 1.52 0.76 1.10.0 0.3 0.8 40.1640.6237.2737.57 276.6 (+4.3) 324.7 (-05) 6015 (+1.7) 
ft 17.5 12.5 8.1 5.6 5.0 2.5 3.5 0.0 1.0 2.5 16.0 17.5 6.5 7.5 

2A m 40.62 38.94 37.75 36.69 168 1.06 0.0 0.0 1.2 1.1 39.8640.6237.2737.57 2782 (+4.9) 3246 (-05) 603.0 (+2.0) 
ft 17.5 12.0 8.1 4.6 5.5 3.5 0.0 0.0 4.0 3.5 15.0 17.5 6.5 7.5 

4A m 40.62 38.64 37.75 36.69 1.98 1.06 0.0 0.0 1.5 1.1 39.8640.6237.2737.57 278.7 (+5.1) 325.0 (-02) 603.7 (+2.1) 
ft 17.5 11.0 8.1 4.6 6.5 3.5 0.0 0.0 5.0 3.5 15.0 17.5 6.5 7.5 

18 m 40.6238.6437.7536.99 1.980.76 0.00.0 1.50.8 39.8640.6237.3337.66 281.0 (+5.9) 3245 (-0.4) 6055 (+2.4) 
ft 17.5 11.0 8.1 5.6 6 5 2.5 0.0 0.0 5.0 2.5 15.0 17.5 6.7 7.8 

2C m 40.62 38.94 37.72 36.20 168 1.52 0.0 0.0 1.2 1.5 39.8640.6237.2737.57 265.0 (-0.1) 3282 (+06)5932 (+0.4) 
ft 17.5 12.0 8.0 3.0 5 5 5.0 0.0 0.0 4.0 5.0 15.0 17.5 6 5 7.5 

4C m 40.62 38.64 37.72 36.20 1.98 1.52 0.0 0.0 1.5 1.5 39.8640.62372737.57 264.0 (-0.5) 328.4 (+06) 592.4 (+02) 
ft 17.5 11.0 8.0 3.0 6 5 5.0 0.0 0.0 5.0 5.0 15.0 17.5 6.5 7.5 

1D m 40.92 39.09 37.75 36.99 163 0.76 1.10.0 0.5 0.8 40.16 40.92 37.36 37.63 2775 (+45) 3245 (-0.4) 6016 (+16) 
ft 18.5 12.5 8.1 5.6 6.0 2.5 3.5 0.0 1.5 2.5 16.0 18.5 6.8 7.7 

L7 m 40.62 38.94 37.72 36.50 1.68 1.22 0.8 0.5 0.6 0.6 39.86 40.62 37.36 37.66 255.6 (-3.7) 329.7 (+12)5855 (-1.0) 
ft 17.5 12.0 8.0 4.0 5 5 4.0 2.5 1.6 2.0 2.0 15.0 17.5 6.8 7.8 

L8 m 40.7138.94 37.72 36.50 1.77 1.22 0.9 0.5 0.6 0 6 40.16 40.71 37.36 37.66 2545 (-4.1) 3296 (+12)583.9 ( -12) 
ft 17.8 12.0 8.0 4.0 5 8 4.0 2.8 1.6 2.0 2.0 16.0 17.8 6.8 7.8 

CC m 40.95 38.97 37.75 36.99 1.98 0.76 0.0 0.0 2.0 0.8 39.40 40.34 37.36 37.63 283.0 (+6.7) 322.9 (-0.9) 605.9 (+25) 
ft 18.6 12.1 8.1 5.6 6 5 2.5 0.0 0.0 6.5 2.5 13.5 16.6 6.8 7.7 

* Spawning period lake levels for the 1970 Rule Curve equal midpoint of curve on that date. 
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TABLE 11. Impact analysis matrix for the I nternational Joint Commission's 1970 Rule Curve and alternative rule curves for Rainy 
Lake (RL) and Namakan Reservoir (NR), Including Impacts on Lake of the WOOOB hydropower production. Rankings 
range from excellent (5) to very poor or extremely negative (1). 

RESOURCE 

NAVI6ATION 
Spring 
Summer 
Fall 

FLO» CCnrTRCL 
Spring 
Summer 
Fall 

BOAT DOCKS 
Ice Damage 

; Spring 
Summer 
Fall 

HYDRCPCWER 
Lake of the Woods 
Rainy Lake 

BKX06Y 
Fish 
Aquatic Birds 
Beaver 
huskrats 
Otter 
Benthos 
Osprey 
Aquatic Vegetation 

PUBLIC BEACHES 
ARCHEaOSY SITES 

1970 
RC 

RL 

3 
5 
5 

3 
1 
1 

1 
5 
5 
5 

3 
3 

2 
3 
2 
2 
4 
4 
2 
1 
2 
2 

NR 

2 
5 
5 

5 
1 
1 

5 
1 
5 
5 

— 
— 

2 
2 

ALT 
AF 
RL 

5 
4 
4 

2 
1 
2 

1 
5 
5 
5 

4 
4 

4 
4 
4 
4 
3 
3 
4 
1 
2 
2 

AF 
NR 

3 
3 
3 

3 
1 
3 

3 
4 
4 
4 

— 
1 — 

1 
4 
1 
1 
2 
2 
1 
1 
2 

.2 

1A 
RL 

4 
5 
5 

2 
1 
1 

1 
5 
S 
5 

3 
5 

2 
3 
2 
2 
4 
4 
2 
3 
2 
2 

1A 
NR 

3 
2 
1 

3 
2 
5 

1 
4 
2 
2 

— 
— 

5 
4 
4 
4 
4 
4 
5 
5 
3 
3 

2A 
RL 

4 
5 
5 

2 
1 
1 

1 
5 
5 
5 

3 
5 

2 
3 
1 
1 
3 
3 
2 
2 
2 
2 

2A 
NR 

3 
4 
3 

3 
2 
2 

2 
4 
5 
4 

— 
— 

3 
3 
1 
1 
2 
3 
3 
2 
3 
3 

4A 
RL 

4 
4 
5 

2 
1 
1 

1 
5 
5 
5 

3 
5 

2 
3 
1 
1 
3 
3 
2 
2 
2 
2 

4A 
NR 

3 
4 
3 

3 
2 
2 

2 
4 
5 
4 

— 
— 

3 
3 
1 
1 
2 
2 
3 
2 
3 
3 

;RN* 
IB 
RL 

4 
5 
5 

2 
1 
1 

1 
5 
5 
5 

3 
S 

2 
3 
2 
2 
4 
4 
2 
3 
2 
2 

JIVE RU 
IB 
NR 

3 
4 
3 

3 
2 
2 

2 
4 
5 
4 

—• 
— 

3 
3 
1 
1 
2 
2 
3 
2 
3 
3 

2C 
RL 

4 
5 
5 

2 
1 
1 

1 
5 
5 
5 

4 
3 

2 
3 
1 
1 
2 
2 
2 
2 
2 
2 

_E CURVES 
2C 
NR 

3 
4 
3 

3 
2 
2 

2 
4 
S 
4 

— 
— 

3 
3 
1 
1 
2 
3 
3 
1 
3 
3 

4C 
RL 

4 
5 
5 

2 
1 
1 

1 
5 
5 
5 

4 
3 

2 
3 
1 
1 
2 
2 
2 
2 
2 
2 

4C 
NR 

3 
4 
3 

3 
2 
2 

2 
4 
5 
4 

__ 
— 

3 
3 
I 
1 
2 
2 
3 
1 
3 
3 

ID 
RL 

4 
5 
5 

2 
1 
1 

1 
5 
5 
5 

3 
5 

3 
3 
2 
2 
4 
4 
3 
3 
2 
2 

1D 
NR 

4 
2 
2 

3 
1 
4 

1 
5 
3 
2 

— 
— 

5 
4 
4 
4 
4 
4 
5 
1 
2 
2 

L7 
RL 

4 
3 
3 

2 
1 
3 

1 
5 
4 
4 

4 
2 

4 
4 
4 
4 
4 
4 
4 
3 
2 
2 

L7 
NR 

3 
2 
2 

3 
2 
4 

2 
4 
3 
2 

— 
— 

4 
4 
4 
4 
4 
4 
4 
1 
3 
3 

L8 
RL 

4 
3 
3 

2 
1 
3 

1 
5 
4 
4 

4 
1 

4 
4 
4 
4 
4 
4 
4 
3 
2 
2 

LB 
NR 

3 
2 
2 

3 
2 
4 

1 
4 
3 
2 

— 
— 

5 
4 
4 
4 
4 
4 
5 
3 
3 
3 

CC 
RL 

4 
S 
5 

2 
1 
1 

1 
5 
5 
5 

2 
5 

3 
3 
2 
2 
4 
4 
3 
3 
2 
2 

CC 
NR 

2 
5 
5 

4 
1 
1 

3 
3 
5 
5 

— 
— 

2 
2 



higher lake levels 1n the spring, relatively stable water levels 1n June, and 
the summer drawdown. These conditions would have a positive effect on fish 
reproduction, beaver, and muskrat 1n Rainy and on aquatic birds in both 
Namakan and Rainy. Conditions on Namakan for the other biological components 
would remain poor or very poor due primarily to the large overwinter drawdown. 

While the higher spring lake levels would Improve conditions for navigation on 
both Namakan and Rainy, they would also increase the chance for flood damage 
on Rainy and for dock damage on Namakan. Navigation capability and dock 
useablllty in summer and fall would remain average or above on both bodies of 
water, due to the relatively limited magnitude of the summer drawdown. 

The hydrology model indicate hydropower production on both Rainy Lake and Lake 
of the Woods would increase (Table 10). With this alternative, violations 
(not being able to maintain the target elevations) during the 1972-81 period 
would have occurred in 1977 and 1980, the same years actual deviations from 
the 1970 IJC Rule Curve occurred on Namakan Reservoir and Rainy Lake (Figure 
11). The deviations were the result of extremely low flow conditions. 
Violations under the high flow scenario would only have occurred in 1950, the 
year when the maximum discharge for the period of record was recorded (Figure 
12). 

Implementation of Alternative AF would do little to help the National Park 
Service fulfill it's mandate to conserve the resources of Voyageurs National 
Park so as to leave them unimpaired for future generations. This alternative 
would continue to rely on larger than natural fluctuations on Namakan 
Reservoir to maintain less than natural fluctuations on Rainy Lake. While 
this would result in favorable conditions for some of the park's natural 
resources on Rainy Lake, those on Namakan Reservoir would continue to be 
adversely affected even though the alternative contains a summer drawdown that 
approximates that occurring under natural conditions. Under this alternative 
deviations from the target levels would continue to occur under high and low 
flow conditions due to the limitations of the reservoir system. Conceivably, 
the frequency and magnitude of these could be reduced through implementation 
of an improved forecasting system for runoff. 

Alternative 1A. Under this alternative, lake levels on Rainy Lake follow the 
upper level of the 1970 Rule Curve (Figure 13). This results in a slightly 
earlier rise in spring levels and causes the annual fluctuation to be reduced 
by 0.3 m (1.0 ft). On Namakan Reservoir the maximum level is reduced by 0.3 m 
(1.0 ft) and the minimum level is raised by 1.2 m (3.9 ft), thus causing the 
total fluctuation to be reduced by 1.5 m (4.9 ft). There is a summer drawdown 
of 1.1 m (3.6 ft) and a winter drawdown of 0.3 m (1.0 ft). Lake levels on 
Namakan during spawning season would be raised by approximately 1.2 m (3.9 
ft). They would also be relatively stable in June. 

Biological conditions on Rainy Lake with this alternative remain basically the 
same as they are under the 1970 Rule Curve. Conditions for the various 
biological components rank from average to poor, the exceptions being otter 
and benthos. The earlier spring rise in combination with stabler June 
conditions does improve conditions for wild rice. The combination of an 
earlier rise, a summer drawdown, and minimal winter drawdown causes conditions 
to improve significantly on Namakan Reservoir. Conditions for all the 
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Figure 11. Comparison of Alternative AF with 1970 Rule Curves for Rainy Lake and Namakan Reservoir; 
and results of hydrology model analysis using Alternative AF. 



Figure 12. Results of hydrology model analysis of Alternative Rule Curve AF for high flow years. 



biological components improve to either high or excellent. Conditions for 
archeological resources and public beaches would remain poor, due to the 
maximum lake levels remaining the same on Rainy and being reduced only 0.3 m 
on Namakan. 

Navigation and dock conditions on Rainy under this alternative would not be 
changed. The earlier spring rise on Namakan would make docks more susceptible 
to ice damage but it would also increase the likelyhood of their being useable 
on fishing opener. Summer and fall conditions for navigation and docks on 
Namakan would be reduced to poor and very poor, respectively, due to the 
summer drawdown. The spring rises would reduce flood control conditions on 
Namakan from excellent to average and on Rainy from average to poor. 
Conditions for flood control on Rainy would remain very poor. On Namakan, 
however, they would improve throughout the summer and fall because of the 
summer drawdown. 

Based on the simulation results, hydropower production under this alternative 
increases on Rainy Lake and decreases slightly on Lake of the Woods (Table 
10). The number of violations from the target elevations, which occurred in 
the low flow years of 1977 and 1980, was the same on both bodies of water 
(Figure 13). 

Alternative 1A, by restoring more natural hydrologic conditions on Namakan 
Reservoir, would help the National Park Service fulfill part of it's 
legislative mandate regarding the management of Voyageurs National Park. 
Restoration of these conditions would have a favorable affect on the park's 
plant and animal associations since they evolved in an environment affected by 
fluctuating water levels. This restoration apparently could be accomplished 
without adversely affecting hydropower production. In fact, based on the 
hydrology simulation results, hydropower production from Rainy Lake may 
actually increase under this alternative, due to the lake level fluctuations 
on Rainy Lake remaining similar to conditions under the 1970 Rule Curve. 
Consequently, they would not approximate natural conditions. Implementation 
of this alternative would, however, conflict with portions of the park's 
legislative mandate concerning the water regulatory system. Because of its 
large summer drawdown, this alternative would have an unacceptable impact on 
navigation and boat dock useability on Namakan Reservoir. 

The results from the hydrological simulations indicate that due to the 
limitations of the reservoir system deviations from the target levels would 
continue to occur, particularly under low flow conditions. The summer 
drawdown on Namakan Reservoir should limit deviations resulting from fall 
equinox storms. Conceivably, the frequency and magnitude of these could be 
further reduced through implementation of an improved forecasting system for 
runoff. 

Alternatives 2A, 4A, IB, 2C, 4C. These alternatives are discussed as a group 
because they have many similar hydrological characteristics. Maximum lake 
levels on Rainy are the same as under the 1970 Rule Curve while on Namakan 
they are reduced by 0.3 m (1.0 ft) (Figures 14-16,17,19). There is no change 
in the minimum lake level on Rainy in 2A and 4A, a 0.3 m (1.0 ft) rise in IB, 
and a 0.5 m (1.6 ft) lowering in 2C and 4C. On Namakan the minimum lake 
levels are raised by 0.7 to 1.0 m (2.3 to 3.3 ft). All the alternatives 
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Figure 13. Comparison of Alternative 1A with 1970 Rule Curves for Rainy Lake and Namakan Reservoir; 
and results of hydrology model analysis using Alternative 1A. 



include an earlier spring rise in lake levels on both bodies of water. There 
are no summer drawdowns. Overwinter drawdowns on Namakan are reduced to 1.2 
to 1.5 m (3.9 to 4.9 ft)while on Rainy they are increased to 1.1 to 1.5 m (3.6 
to 4.9 ft) except under IB where there is no change. 

Under these alternatives, conditions on both water bodies for the various 
biological components would remain average or below average except under IB 
where conditions for otter and the benthos would remain above average. 
Conditions for fish, aquatic birds, and Osprey on Namakan would Improve from 
very poor to average due to the earlier spring rise and more stable water 
levels in June. Those conditions would have a similar effect on wild rice in 
both water bodies, the only exceptions being on Namakan under alternatives 2C 
and 4C where conditions would remain very poor. With the exception of IB, 
conditions for beaver and muskrat would decrease to very poor on Rainy due to 
the larger winter drawdown. On Namakan, they would remain poor. Conditions 
for archeological resources and public beaches would increase from poor to 
average on Namakan due to the reduction in maximum lake levels while on Rainy 
they would remain poor. 

Navigation and dock conditions on Rainy under these alternatives would not be 
changed. On Namakan, spring navigation conditions would improve from poor to 
average while summer and fall conditions would be reduced to high and average, 
respectively, due to the lower maximum and October lake levels. The earlier 
spring rise on Namakan would make docks more susceptible to ice damage but it 
would also increase the likelyhood of their being useable on fishing opener. 
The spring rises would reduce flood control conditions on Namakan from 
excellent to average and on Rainy from average to poor. Conditions for flood 
control would remain very poor to poor throughout the summer. 

Based on the simulation results, hydropower production under alternatives 2A, 
4A, and IB would increase on Rainy Lake while decreasing slightly on Lake of 
the Woods (Table 10). Under 2C and 4C, the reverse would be true with 
production increasing on Lake of the Woods and decreasing on Rainy Lake (Table 
10). As was the case with the previous alternatives, violations from the 
target elevations on both NR and RL during the 1972-81 period occurred in 1977 
and 1980, the same years actual deviations from the 1970 IJC Rule Curve 
occurred (Figures 14-16,17,19). Violations under 2C and 4C for the high flow 
scenario were also similar to those observed for alternative AF, occurring 
only in 1950 (Figures 18,20). 

Implementation of any of these alternatives would not satisfy the National 
Park Service's mandate to conserve the resources of Voyageurs National Park so 
as to leave them unimpaired for future generations. The park's aquatic biota 
would continue to be adversely affected by unnatural hydrologic conditions, 
particularly stable summer lake levels and relatively large winter drawdowns. 
Some organisms would benefit from the restoration of more natural spring 
conditions. The impact of these alternatives on the other water uses would 
generally be minor. Simulation results indicate that hydropower production 
would either increase or remain approximately the same. As was the case with 
the previously discussed alternatives, deviations from the target lake levels 
would continue to occur under extreme high and low flow conditions. 
Conceivably, the frequency and magnitude of these could be reduced through 
implementation of an improved forecasting system for runoff. 
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Figure 14. Comparison of Alternative 2A with 1970 Rule Curves for Rainy Lake and Namakan Reservoir; 
and results of hydrology model analysis using Alternative 2A. 
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Figure 15. Comparison of Alternative 4A with 1970 Rule Curves for Rainy Lake and Namakan Reservoir; 
and results of hydrology model analysis using Alternative 4A. 



Figure 16. Comparison of Alternative IB with 1970 Rule Curves for Rainy Lake and Namakan Reservoir; 
and results of hydrology model analysis using Alternative IB. 
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Figure 17. Comparison of Alternative 2C with 1970 Rule Curves for Rainy Lake and Namakan Reservoir, 
and results of hydrology model analysis using Alternative 2C. 



Figure 18. Results of hydrology model analysis of Alternative Rule Curve 2C for high flow years. 
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Figure 19. Comparison of Alternative 4C with 1970 Rule Curves for Rainy Lake and Namakan Reservoir; 
and results of hydrology model analysis using Alternative 4C. 



Figure 20. Results of hydrology model analysis of Alternative Rule Curve 4C for high flow years. 



Alternatives L7, L8 (Host Natural). Under these alternatives, the annual 
fluctuation would be reduced to approximately 1.7 m (5.6 ft) on Namakan while 
it would be Increased to 1.2 m (3.9 ft) on Rainy. Rainy Lake's maximum lake 
level would remain the same as under the 1970 Rule Curve and Namakan's would 
be lowered by 0.3 m (1.0 ft) (Figures 21,23). The minimum lake level would be 
raised 1.0 m (3.3 ft) on Namakan and lowered 0.2 m (0.7 ft) on Rainy. Summer 
drawdowns would occur on both bodies of water with Namakan being lowered 
approximately 0.8 m (2.6 ft) and Rainy 0.5 m (1.6 ft). A 0.6 m (2.0 ft) 
winter drawdown would occur on both Namakan and Rainy. In comparison to the 
1970 Rule Curve, lake levels during the spring spawning season would be 
approximately 1.0 m (3.3 ft) higher on Namakan and 0.3 m (1.0 ft) higher on 
Rainy. 

The combination of an earlier rise, a summer drawdown, and minimal winter 
drawdown causes biological conditions to improve significantly on both Namakan 
Reservoir and Rainy Lake. Under these alternatives, conditions for all the 
biological components except wild rice rank either high or excellent. Wild 
rice, however, would generally benefit from the earlier spring rise and the 
stabler June lake levels. Conditions for archeological resources and public 
beaches would remain poor, due to the maximum lake levels remaining the same 
on Rainy and being reduced only 0.3 m (1.0 ft) on Namakan. 

Spring navigation conditions on Rainy and Namakan under these alternatives 
would be high and average, respectively, while summer and fall conditions 
would be average and poor due to the summer drawdown. The earlier spring rise 
would make docks more useable but on Namakan it would also increase their 
susceptibilty to ice damage. The summer drawdown would have relatively little 
effect on conditions for docks on Rainy. On Namakan, however, it would have a 
major effect, reducing the percent of docks that would be useable to less than 
40% by the first of September. The spring rises would reduce flood control 
conditions on^o-cxlies of water. Early summer conditions for flood control 
would remain poor or very poor, due to the maximum lake levels remaining 
within 0.5 m (1.6 ft) of flood level. They would, however, improve throughout 
the summer and fall because of the summer drawdown. 

Based on the simulation results, hydropower production on Rainy Lake would 
decrease significantly, apparently in response to the summer drawdown on the 
lake (Table 10). An increase in hydropower production on Lake of the Woods 
would offset some of the loss, but the overall production from the two lakes 
would decrease by over 1.0% (Table 10). Violations from the target elevations 
on both Namakan and Rainy during the 1972-31 period also were concentrated in 
1977 and 1980, the same years actual deviations from the 1970 IJC Rule Curve 
occurred (Figures 21,23). Violations under high flows with these alternatives 
also occurred only in 1950 (Figures 22,24). 

These alternatives would restore conditions that closely approximate the 
magnitude and timing of natural fluctuations in lake levels, albeit at a 
higher lake level stage due the presence of the dams. These conditions would 
mimic those the park's aquatic biota evolved with and thus, would result in 
the reestablishment of some semblance of natural system processes (Kushlan 
1987). Because of this, either one of these alternatives could be considered 
the National Park Service's preferred alternative if the only consideration 
was conservation of Voyageur's natural environment. 
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Figure 21. 
and results 

Comparison of Alternative L7 with 1970 Rule Curves for Rainy Lake and Namakan Reservoir; 
of hydrology model analysis using Alternative L7. 
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Figure 22. Results of hydrology model analysis of Alternative Rule Curve L7 for high flow years. 



Figure 23. Comparison of Alternative L8 with 1970 Rule Curves for Rainy Lake and Namakan Reservoir; 
and results of hydrology model analysis using Alternative L8. 
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Figure 24. Results of hydrology model analysis of Alternative Rule Curve L8 for high flow years. 



However, both of these alternatives have serious shortcomings as far as 
fulfilling that portion of the park's legislatively established mandate 
regarding working within the existing water regulatory system. Based on the 
simulation results, power production would be reduced by approximately IX 
overall and by 42 at the Rainy Lake dam. Recognizing that these are estimates 
based on mean monthly values, it would appear the Impact on power production 
could be reduced or eliminated by upgrading or replacing the existing 
turbines. The simulations assume a 602 efficiency with the present turbines 
at the Rainy Lake dam (Flug 1986). The International Falls Power Company 
(1984), which has initiated planning for upgrading the turbines at Rainy Lake, 
indicated efficiency would be increased from 602 to over 802. 

Navigation and dock useability would also be adversely affected under these 
alternatives due to the summer drawdowns. The impact of this would be 
greatest on Namakan Reservoir due the lower peak and the current dock 
distribution. The declining summer-fall levels associated with these 
alternatives, however, also reduces the potential for flood damage. 
Implementation of an improved forecasting system for runoff could be expected 
to further reduce incidence of flooding. The simulation results indicate 
deviations from the target levels would continue to occur, however, 
particularly under low flow conditions due to the limitations of the reservoir 
system. 

Alternative CC (Citizens Council). This alternative, which was proposed by 
the Citizens Council for Voyageurs National Park, calls for lake levels on 
both Namakan and Rainy to match the upper level for the 1970 Rule Curve 
(Figure 25). This causes the annual fluctuations to be reduced to 
approximately 2.0 m (6.6 ft) on Namakan and 0.8 m (2.6 ft) on Rainy. All of 
this occurs in the winter since there is no summer drawdown. Lake levels 
during spring spawning season (May 1) would be raised by 0.5 m (1.6 ft) on 
Namakan and by 0.3 m (1.0 ft) on Rainy. 

This alternative would do little to change conditions biologically on the two 
bodies of water. Fish and wild rice would benefit from the the earlier rise 
and more stable May-June lake levels on Rainy. On Namakan, conditions would 
remain very poor, primarily due to the large winter drawdown. Because of it, 
lake levels during spawning season would still be very poor, even though they 
would be 0.5 m (1.6 ft) higher than under the 1970 Rule Curve. Conditions for 
aquatic birds would also be very poor since large changes in lake levels would 
be occurring in June. Beaver, muskrat, otter, and benthic organisms would 
also continue to be adversely affected by a large winter drawdown. 

This alternative would provide excellent conditions at all times for 
navigation and dock useability on Rainy. The same conditions would prevail on 
Namakan in the summer and fall. However, spring conditions for navigation and 
docks on Namakan would only be poor and average, even though lake levels would 
be at the top of the 1970 Rule Curve. Conditions for flood control would be 
very poor due to the high lake levels that would be maintained throughout the 
summer and early fall. 

Under this alternative, hydropower production on Rainy Lake would be maximized 
while it would be reduced slightly on Lake of the Woods (Table 10). 
Violations from target levels for the 1972-81 period and the high flow 
conditions for this alternative were basically the same as those observed for 
the previously discussed alternatives (Figures 25,26). 
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Figure 25. Comparison of Alternative CC with 1970 Rule Curves for Rainy Lake and Namakan Reservoir; 
and results of hydrology model analysis using Alternative CC. 



Figure 26. Results of hydrology model analysis of Alternative Rule Curve CC for high flow years. 



Implementation of Alternative CC would do little to help the National Park 
Service fulfill It's mandate to conserve the resources of Voyageurs National 
Park so as to leave them unimpaired for future generations. The park's 
aquatic biota would continue to be adversely affected by unnatural hydrologlc 
conditions, particularly stable summer lake levels and relatively large winter 
drawdowns. Some organisms on Rainy would benefit from the restoration of 
higher spring lake levels. The other recognized water uses, with the 
exception of flood control, would generally be positively affected by this 
alternative. Hydropower production from RL would be maximized. Under this 
alternative, deviations from the target levels would continue to occur under 
both high and low flow conditions due to the limitations of the reservoir 
system. Since high lake levels are maintained throughout the summer and early 
fall, it would be difficult to reduce the frequency of flooding even with an 
improved forecasting system for runoff. 

Alternative ID (NPS Preferred). Under this alternative, which is similar to 
iA, lake levels in Rainy Lake follow the upper level of the 1970 Rule Curve 
except on May 1 when there is a slight increase (Figure 27). This results in 
a slightly earlier rise in spring water levels and causes the annual 
fluctuation to be reduced by 0.3 m (1.0 ft). On Namakan Reservoir the maximum 
water level remains the same as under the 1970 Rule Curve while the minimum 
level is raised by 1.2 m (3.9 ft), thus causing the total fluctuation to be 
reduced to 1.8 m (5.9 ft). There is a summer drawdown of 1.1 m (3.6 ft) and a 
winter drawdown of 0.5 m (1.6 ft). Lake levels on Namakan during spawning 
season are raised by approximately 1.2 m (3.9 ft). They are also relatively 
stable in June. 

Biological conditions on Rainy with this alternative would be similar to what 
they are under the 1970 Rule Curve. While the earlier spring rise would 
improve conditions for fish and wild rice, they would still only be considered 
as average. Conditions for the other biological components rank from average 
to poor, the exceptions being otter and benthos. The combination of an 
earlier rise, a summer drawdown, and minimal winter drawdown causes conditions 
on Namakan for all the biological components except wild rice to improve to 
either high or excellent. Conditions for wild rice would still be ranked as 
poor due to the change in lake level between May 1 and July 1 exceeding 0.5 m. 
Conditions for archeological resources and public beaches would remain poor, 
due to the maximum lake levels remaining the same on Rainy and being reduced 
only 0.3 m (1.0 ft) on Namakan. 

Navigation and dock conditions on Rainy under this alternative would not be 
changed except for a slight improvement associated with the earlier spring 
rise. Docks on Rainy would continue to be very susceptible to ice damage and 
the earlier spring rise on Namakan would create a similar situation there. 
The spring rise on Namakan, however, would also significantly improve the 
chances of the docks being useable on fishing opener. The summer drawdown on 
Namakan would cause conditions for navigation and docks in the summer and fall 
to be classified as poor and very poor, respectively. The spring rises would 
reduce flood control conditions on Namakan from excellent to average and on 
Rainy from average to poor. Conditions for flood control on Rainy would be 
very poor, just as they are under the 1970 Rule Curve. On Namakan, however, 
they would improve throughout the summer and fall because of the summer 
drawdown. 
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Figure 27. Comparison of Alternative ID with 1970 Rule Curves for Rainy Lake and Namakan Reservoir; 
and results of hydrology model analysis using Alternative 10. 
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Figure 28. Results of hydrology model analysis of Alternative Rule Curve ID for high flow years. 



Based on the simulation results, hydropower production with this alternative 
would increase substantially on Rainy Lake while decreasing slightly on Lake 
of the Woods (Table 10). Overall, there would be a substantial gain 1n 
production from the two lakes. The number of violations from the target 
elevations, which occurred in the low flow years of 1977 and 1980, was the 
same on both bodies of water (Figure 27). As was the case with the other 
alternatives, violations with the high flow conditions only occurred in 1950 
(Figure 28). 

Alternative ID, by restoring more natural hydrologic conditions on Namakan 
Reservoir, would help the National Park Service fulfill it's dual legislative 
mandate regarding the management of Voyageurs National Park. Restoration of 
these conditions would have a favorable affect on the reservoir's plant and 
animal associations since they evolved in an environment affected by 
fluctuating water levels. They would increase walleye and northern pike 
spawning habitat, reduce the impacts of winter drawdown on beaver, muskrat, 
and benthic organisms, and provide better nesting conditions for loons and 
other shore and marsh nesting birds. Lake levels and lake level fluctuations 
on Rainy Lake would not approximate natural conditions since they would be 
similar to those called for in the 1970 Rule Curve. There would, however, be 
an earlier spring rise which should improve conditions for fish spawning and 
wild rice. 

The biological gains associated with this alternative can apparently be 
accomplished without serious conflicts with other authorized water uses. On 
the basis of the hydrology simulation results, hydropower production from 
Rainy Lake may increase while conditions for navigation and flood control 
would remain approximately the same. The summer drawdown on Namakan Reservoir 
would improve flood control conditions in late summer and fall but it would 
also have an adverse affect on navigation and boat dock useability. To 
overcome this situation^would require either reducing the magnitude of the 
summer drawdown or altenng some docks so that they are useable at lower water 
levels. 

The hydrological model simulations indicate that due to the limitations of the 
reservoir system deviations from the target levels would continue to occur, 
particularly under low flow conditions. The summer drawdown on Namakan 
Reservoir should limit deviations resulting from fall equinox storms. 
Conceivably, the frequency and magnitude of these could be further reduced 
through implementation of an improved forecasting system for runoff. 
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DISCUSSION AND MANAGEMENT RECOMMENDATIONS 

Our results indicate the adverse effects the present water management program 
is having on Voyageur's aquatic biota can be reduced by implementing a program 
that more closely approximates the magnitude and timing of natural 
fluctuations in lake levels. Implementation of such a program can apparently 
be accomplished without seriously conflicting with other authorized water 
uses. However, to actually determine whether this is feasible will require 
the implementation of an alternative water management program. We recommend 
that Alternative ID be that program. 

Alternative ID will restore more natural conditions on Namakan Reservoir but 
not on Rainy Lake. At the present time, restoration of more natural 
hydrological conditions on Rainy Lake, particularly a summer drawdown, results 
in unacceptable losses of hydropower production. If the upgrading proposed 
for the turbines at the Rainy Lake dam occurs, consideration should be given 
to implementing either Alternative L7 or L8 since they would provide more 
natural hydrological conditions and cause biological conditions to improve 
significantly on both Namakan Reservoir and Rainy Lake. Alternative ID, by 
mimicking the fluctuating water levels the park's aquatic biota evolved with, 
will have a favorable affect on Namakan Reservoir's plant and animal 
associations. It will also provide an earlier spring rise in water levels on 
Rainy Lake which should improve conditions for fish spawning and wild rice. 
It must be recognized, however, that implementation of Alternative ID will not 
result in a completely natural system since it will not allow for the year-to-
year variation that is inherit in nature. 

We assumed a band or rule curve approach would continue to be used to regulate 
lake levels on Rainy Lake and Namakan Reservoir. Both the historical record 
and the results of our modeling show that due to the limitations of the 
reservoir system it is not always feasible to stay within such operating 
bands. From a natural perspective, the high and low runoff years that cause 
such deviations would be considered an integral component of the hydrologic 
system and their inclusion in a management system would be looked upon 
favorably. Such variability, however, is not acceptable to most water users 
in the Namakan Reservoir/Rainy Lake system. To meet the needs of these users, 
advance adjustments that are based on forecasts of abnormal runoff or 
precipitation should be used to reduce such deviations to the extent possible. 
Conceivably, inflow forecasts could be improved by the addition of more 
guaging stations placed throughout the watershed. 

Implementation of any alternative should be accompanied by a research program 
designed to document the actual effects of rule curve modifications on the 
different interests. This will allow testing whether an alternative rule 
curve can reduce the adverse effects on Voyageur's aquatic biota without 
seriously conflicting with the other water uses. Based on such research 
results, the modified rule curve could if necessary be adjusted to achieve 
desired results for all. 
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As the nation's principal conservation agency, the Department of the Interior 
has basic responsibilities to protect and conserve our land and water, energy 
and minerals, fish and wildlife, and parks and recreation areas, and to ensure 
the wise use of all these resources. The department also has major 
responsibility for American Indian reservation communities and for people who 
live in island territories under U.S. administration. 




