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root decomposition (Carignan, 1985). Seasonal maxima of phosphate concentrations in sediment
pore water occur in early summer and fall (Koretsky et a1.,2006).

2.0 Materials and Methods
2.1 Lalre Cochituate

Lake Cochituate is a kettle-hole lake with three main basins: North, Middle, and South.
The area surrounding the lake is largely glacial

till

and stratified drift overlying bedrock (Friesz

and Church, 2001). Development around the lake has intensified over the last century, with

government and industrial laboratories, state and interstate highways, shopping complexes, and
residential areas now covering -90% of the watershed. As a result, significant nutrient
enrichment ofthe lake has occurred, causing blooms of algae and cyanobacteria as well as the
spread of invasive aquatic plants, including

milfoil (Aquatic Control Technology,2004).

Despite these water qualrty issues, the lake is a popular recreation destination; about 200,000

visitors per year use the lake for boating, waterskiing, fishing, and swimming.

2.2 Experiment and Cantrol Sites
The study was conducted in South Pond (shoreline

-

7.2km; surface area

: -1 km2;

volume:5.9x106 m'; average depth = 6.1 m) and Middle Pond (shoreline = 6.8 km; surface area
= A.62 km2; volume

:

4.5x106 m3; average

One pair of sites ("Experiment"

depth:

8.4 m) (Aquatic Control Technology,2004).

and'Control') was located on each basin in areas with l;-50o/o

milfoil cover. The Middle Pond sites were in two adjacent, moderately shallow coves that were
separated by a narrow point of land; the South Pond sites were in an exposed area along the

westem shore (Figure

2). At

each of the four sites, three moorings were set in the

l0

milfoil beds

parallel to the shore to facilitate water quality monitoring, and a fourth mooring was set 35 m

from shore (Figure 4). On October 18,20A6, after two months of pre-installation monitoring,
upflow water circulators were installed 35 m from the milfoil beds at the two Experiment sites.

2.3 Circulators
The cirpulators were designed and manufactured by SolarBee,Inc.@ (model number
S810000v12; Dickinson,

ND). The circulators run off l2-volt DC battsries that are recharged by

solar panels. The circulators consistof

l/2 hp DC motors that pump up to 37,850 L/min, with

11,360 L/min being direct flow and the remainder induced flow (SolarBee, Inc., 2007). The

pumping rate is maintained continuously except in cases of prolonged cloudy days, when the
circulators temporarily stop to conserve battery power. The inlet hoses of the circulators are

fitted with a plate on the bottom to prevent large solids from entering. The intakes were set at
about 3.1 m below the water surface in South Pond, and3.4 m bolow the water surface in Middle
Pond, well above the thermocline

(- 5 m) in the two basins. Both circulators

stopped working

for about 2.5 months from mid-January to early April of 2007 due to ice (South Pond) and
battery malfunction (Middle Pond). The circulators were installed in October 2006 and removed

in October 2008.

2.

4

Veloc

ity

me

asurements

Velocity of the water near the circulators was measured with a Sontek Flowtracker over a
6-hr period on a calm day (wind speeds from 2-10 mph from the north) in May 2007. Velocity
measurements were also made at a stationary dock at the north end of Middle Pond to determine
the background velocity of the lake without interference from boat movement.

At each

circulator velocity measurernents were made at the lip of the turbine plate (at -5 cm below water

1l

3.6Implications
Upflow circulators have been used in many lakes throughout North America. In several
cases there is anecdotal evidence that the action of the circulators has led to reductions in

milfoil

growth2. However, there are also cases where after two years of circulation no change milfoil
was observed3. To date no studies have reported on why the circulators appear to affect

milfoil

growth in some lakes but not in others. Our results in Lake Cochituate show that after two yems
of circulator
areas

useo there was

no measurable change in milfoil extent or abundance within the study

ofthe lake. Our findings suggest that in anoxic sediments where oxygen

mass transfer

from the water column is limited by diffirsion and quickly used up by biochemical reactions in
the sediment milfoil tends to thrive despite the action of upflow circulators.

'Uighland Reservoir, Lloyd, NY (Monica, W., personal communication,2007);Hidden Valley Lake, Hidden Valley
Community Services District, Hidden Valley, CA (Aust, M., personal communication,2MT);Lodge Lake,
Savannah Dhq IIY (Beasley, D., personal communication,200T\; Tinmouth Pond, Tinmouth, VT (Stacy, J.,
personal communication, 2008); and Clear Lake, Big Valley Ranceria, CA; Laguna West, Elk Grove, CA; Antioch
Reservoir, Antioch, CA; Lethbridge, Alberta, Canada (Knud-Hansen, C., SolarBee, Inc., personal communication,

240T.
3

Lake Tahoe, NV/CA (Anderson, et al., 2005); Lake Conesus, Lakeville, NY (Bosch and Ecologic LLC, 2007);
Lake Monon4 Madison, VII (Cullen, 2006);Lake Steilacoorn, Lakewood, WA (Lake Steilacoom Association,
2006).
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