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Reducing the Imp
On the Aquatic 

By larry W. Kallemeyn 

The U.S. Congress, in establishing Voyageurs NP, 
pecified that the NPS would carry out its traditional 
reservation role within an established water regula­

ory system ... a system that has severely disrupted 
he natural hydrologic cycle and has presented an 
nvironmental challenge ever since it was imple­
ented. Thus, in 1975, the NPS became one of many 

nterest groups concerned with the regulation of Rainy 
ake and the Namakan Reservoir lakes, which are a 
art of the larger Lake of the Woods watershed. 
Located approximately 300 miles north of Minne­

polis, along the Minnesota-Ontario border, Voyageurs 
NP consists of 342 square miles, approximately 
5,000 acres of which is covered by water. Since the 
arly 1900s about 96 percent of the water area now 

ncluded in the park has been controlled by dams that 
ie outside the park boundary. A dam at International 
Falls, Minn./Fort Frances, Ontario, which includes a 
ydropower facility, controls lake levels in Rainy Lake 

(Fig. 1). Regulatory dams at Kettle and Squirrel Falls 
ontrol lake levels in Namakan Reservoir, which 

ncludes Kabetogama, Namakan, Sand Point, Crane, 
nd Little Vermilion Lakes. The latter two lakes are 
utside the park. While all these lakes existed as natu­
al water bodies, the present day reservoirs are larger 
nd regulated to satisfy many water users. 
Since the park lakes are international waters, shared 
ith Canada, they are regulated by the International 
oint Commission (IJC). Legally recognized water 
ses are navigation, sanitation, domestic water supply, 

power production, recreation, and other public pur­
poses. Although the dams are regulated by the IJC, 
hey have always been owned and operated by private 
industry. The day-to-day operation of the dams and 
reservoirs is usually left up to the industry, the IJC only 
becoming involved if its rules are not or cannot be 
followed. 
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Figure 1. Voyageurs National Park, Minnesota. 
acts of Regulate
Ecosystem of Vo

ns on Rainy Lake. Namakan Reservoir's average 
ual water level fluctuation is about 2.7 m' while 
iny Lake's is about 1.1 m (Fig. 2). The fluctuation of 
makan Reservoir is about 0.9 m greater than the 
imated natural or pre-dam fluctuation while Rainy 
e's is about 0.8 m less (Fiug 1986). Namakan Res­
oir's overwinter (October to April) drawdown is 
roximately 2.0 m greater than the estimated natural 
tuation for this time period while Rainy Lake's is 
ut the same as it would be under natural conditions. 
 timing of the fluctuations also is different under the 
ulated system. Regulated lake levels on Namakan 
servoir usually peak in late June or early July rather 
n late May or early June as they did prior to dam 
struction. They then remain stable on both Rainy 
e and Namakan Reservoir throughout the summer 

tead of slowly declining. 
oncerns about the effects of regulated lake levels 
the aquatic biota, particularly the fish community, 
e existed ever since the dams were constructed. 

wever, establishment of the park, with its emphasis 
restoring and preserving the natural environment 
 archeological resources, heightened those con­
ns, particularly in regard to effects of the regulated 
e levels on the aquatic ecosystem (Cole 1979, 
2). 

Research Program 
 research program was initiated by NPS to assess 
acts of the regulated lake levels on the park's 
atic ecosystem and to develop alternatives to the 
sent water management program (Kaffemeyn 
3). The first component of the program consisted of 

dies of the effects of present water management on 
cies and communities thought to be sensitive to 
nges in water levels. The studies were carried out 
researchers from several universities and the NPS 
ble 1). Additional studies conducted to obtain base­
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d boat docks. Results of studies conducted by other 
searchers, while not specifically a part of this pro­
am, were used to assess the impact of the regulated 
ke levels on the park's archeological resources. 
Next, researchers developed a hydrological model 
 assess effects of alternative regulatory programs 
iug 1986). The model simulated the multi-lake sys­
m beginning with inflows ot Namakan Reservoir and 
ding with outflows from Lake of the Woods. In order 
 restrict the modeling effects to this portion of the 
sin, outflows from Lake of the Woods were given the 

ghest priority and were forced to match actual his­
ric releases. 
This approach was used because it would allow the 
S to present meaningful recommendations to the 
 for alternative regulatory programs if the research 

sults showed that the current water management 
ogram was having adverse impacts on the aquatic 
ta. It would also allow testing whether alternative 

ograms that more closely approximate natural condi­
ns could be used to reduce adverse effects on the 
uatic biota without seriously conflicting with the 

her authorized water uses (Cole 1982). Should the 
 authorize an alternative program, this information 
uld serve as baseline information which could be 
ed to evaluate the impacts of the new regulatory 
stem on authorized water uses. 

Environmental Consequences 
The species and biological communities investi­
ted in Voyageurs generally were found to be 
versely affected by the present water management 
grams. They were especially impacted by the 
ater than natural water level fluctuations on the 
makan Reservoir lakes. These plants and animals 
ve been unable to adjust to the changes in the 
gnitude and timing of lake level fluctuations since 

he dams were constructed, and in particular to the 
With the IJC's existing water management pro­
grams, larger-than-natural fluctuations on Namakan 
Reservoir are used to maintain less than natural fluctu-

VOYAGEURS 
NATIONAL 
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 information pertinent to the regulated lake level 
ue dealt with primary production in Voyageurs' four 

large lakes and the relationship between lake levels 

'1m =39.37 in. 

water management program used since 1971. 
Negative impacts on Voyageurs' aquatic ecosystem 

occurred throughout the year. Those that took place in 
Continued on page 4 
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 particular season frequently were the result of a 
ombination of water level conditions that occurred in 
revious seasons. For example, high stable summer 
nd early fall water levels contribute to spring spawning 
roblems for northern pike and walleye by causing 
otential vegetative and wave washed gravel spawning 
ubstrates to develop at relatively high elevations. 
his, in combination with a large winter drawdown, 
akes the flooding of these preferred substrates the 
llowing spring difficult, particularly in low runoff 

ears. Thus, while poor spawning conditions are usu­
lly blamed on low spring water levels, they are actually 
e culmination of a series of water management 
ctions that occurred throughout the year. 
Similar Interactions were observed for the other 

rganisms studied. The large winter drawdown on 
amakan Reservoir and the resultant low spring 
ater levels make large water level changes neces­
ary in May and June to meet navigational needs. 
hese changes were found to adversely affect 
quatic bird nesting success and establishment of 
ild rice stands. During the period from 1983 to 1985, 
7 percent of the loon nests on Namakan Reservoir 
ere lost to flooding while on Rainy Lake, with its 
ss than natural fluctuations, 27 percent were lost. 
ecJ.necked grebes were even more sensitive to lake 
vel changes. From 1983 to 1985, 77 percent of the 
rebe nests on Namakan Reservoir were lost to 
looding; on Rainy Lake 45 percent were lost. 

High stable summer water levels, extremely favor· 
ble for navigation, appeared to limit the establish­
ent of wild rice and other aquatic vegetation. They 

.lso caused beaver and muskrat to buDd their lodges 
nd food caches at elevations that left them extremely 
usceptible to the larger than natural winter draw­
own Namakan Reservoir experiences annually. The 
inter drawdown, which causes up to 25 percent of 

he Namakan Reservoir area to be dewatered 
nnually, forced nearly 80 percent of the beaver to 
bandon their lodges and food caches. These beaver 
pent most of the winter In wood-chip nests under the 
ce outside their lodge and were forced to find other 
ood. As a result, they lost more weight, had fewer 
ffspring, and were more susceptible to predation 

han beaver from more stable, Inland ponds. 
The large winter drawdown also forced otter to alter 

heir horne ranges and limited the diversity and abun­
ance of benthic organisms, an Important food 
ource for fish. Similar effects were noted for aquatic 
egetation. 
The present water management program was found 
 adversely impact the park 's archeological 

esources. Approximately 75 percent of the arche­
logical sites were partially or totally destroyed by the 
ise in lake levels resulting from the building of the 
ams. Of the sites that remain, only those located 
ehind and protected by bedrock shorelines have 
scaped damage. The remaining sites, even though 

hey are located above the present maximum lake 
vels, continue to be impacted by the undercutting and 
ank slumping that results from intense wave action 
uring the period when lake levels are at their summer 
eaks. An archeological site stabilization program was 
itiated in 1985 but to date only three sites have been 
ompleted. 
II is fell that most of these biological and archeologi­

al problems could be overcome by implementation of 
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roximates the magnitude and timing of natural fluctu­
tions in lake levels with which the affected species 
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Table 1. Names and affiliations of researchers involved with regulated lake level studies in 
Voyageurs National Park, 1983-1987. _(P.I.) = Principal Investigator. 

Hydrology 
Dr. Marshall Flug 

Primary Production 
Dr. 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 Marsh Nesting Birds 
Hildegard Reiser 

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

Aquatic Vegetation 
Dr. Paul Monson 
Dr. Douglas Wilcox 
James Meeker 

Benthos 
Dr. 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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olved. Obviously, complete restoration of natural 
nditions in the park is not possible due to the pres­
ce of the dams and the requirements of other water 
ers. However, development of an alternative water 
gulatory program that is more ecologically sound 
pears possible given our understanding of the rela­
nship between water levels and various biological 
tors. 

Alternative Regulatory 
Programs Assessment 

Using the research study results as well as input 
m other water users, 15 alternative regulatory pro­
ms were developed. Each alternative was analyzed 
h the hydrology model to see if the reservoir system 
uld accommodate the modified program under nor­
l hydrologic conditions as well as extreme high and 
 water conditions. The model also provided projec­

ns of hydropower production for each alternative. 
o tie the results of the environmental studies and 
 hydrology model to potential impacts from the 
rious alternative regulatory programs, an impact 
sessment matrix was developed. The study results 
d information from the scientific literature were used 
develop ranking factors for 22 resource attributes, 
luding in addition to the various biological factors, 
dropower production, navigation, flood control, and 
at dock usability and susceptibility to ice damage. 
ese ranking factors were then used to evaluate the 
ect of each alternative regulatory program on the 
rious attributes, with the results entered into the 
trix. The matrix, although based on simplifying 

sumptions about complex ecological and economic 
ationships, provided a means of integrating the infor­
tion so that it could be used to facilitate discussions 
ong the various water users. 

The matrix is now being used by NPS and a coalition 
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ure 3. Comparison of the present water management p
grams, L8 and BLCBB. 
xample of this selection process is this com­
 of the alternative regulatory programs, L8 and 
 (Fig. 3). If the only consideration were restora­
d conservation of Voyageurs' natural environ­
alternative L8 would be preferred, since it 
imates natural hydrologic conditions and con­
tly receives high rankings for most of the biolog­
ibutes. Because of its summer drawdown, how­
t would receive low rankings in regard to 
tion and dock usability in late August and Sep­
. BLC-88 with its reduced summer drawdown is 
mpt to improve conditions for those attributes 
till providing favorable conditions for the various 
cal attributes. Other conditions under the two 
tives would be similar. 
iously, compromises such as this will be neces­
 meet the legally recognized needs of the other 
sers and will preclude the complete restoration 
ral conditions in the park. Implementation of any 
tive will need to be accompanied by research 
onitoring programs designed to document the 
effects of the modifications on the different inter­
his will allow testing whether an alternative pro­
an reduce the adverse effects on Voyageurs' 
 ecosystem without seriously conflicting with 

water uses. Based on such research and 
ring results, the alternative program could, if 
ary, be further adjusted to achieve desired 

 for all. 
meyer is Aquatic Research Biologist at Voy­
 NP. 
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