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ABSTRACT

S. P. Sheldon. 1997. Investigations on the potential use of an aquatic weevil to control Eurasian watermilfoil. Lake and
Reserv. Manage. 13(1): 79-88.

Previous research has suggested that Euhrychiopsis leconte, an aquatic weevil native to North America, mayactasa
biological control for Eurasian watermilfoil. To be able to predict which lakes weevils are likelyto be effective in laboratory
and field studies were carried outunderarange of conditions. In the laboratory, weevils survived and reproduced in water
up to 31°C, but not at 34°C. Weevils preferred Eurasian watermilfoil plants with no marl, butate and laid eggs on marl}-
covered plants. The weevils preferred plantsgrown in richer sediment, butdid eatand lay eggson plants grownin poorer
sediment. After open water releases of weevils in three lakes, weevil populations were established and had a negative
impact on Eurasian watermilfoil. We have followed a Eurasian watermilfoil decline from 1990-1995. Plant and weevil
abundance have varied over the years; however, Eurasian watermilfoil has never regained its former dominance. Based
on these trials, it appears that E. lxonte can survive and cause damage over arange of temperatures and plant conditions.
Wider scale introductions would help determine the conditions under which this weevil is successful, and its limitations

as a biological control for Eurasian watermilfoil.
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The aquatic weed, Eurasian watermilfoil
(Myriophyllum spicatumL..), continues to impactlakesin
parts of the United Statesand Canada. Various forms of
weed control, including mechanical, chemical, and
physical methods are being used to manage Eurasian
watermilfoil. An aquatic weevil (Euhrychiopsis lecontei
Dietz) appears, at least in some cases, to be able to
control Eurasian watermilfoil. The weevil causes
significant negative impact in the laboratory (Creed
and Sheldon 1993),and in the field (Creed and Sheldon
1995, Sheldon and Creed 1995). Data on Eurasidn
watermilfoil and weevil abundance from the four years
following a Eurasian watermilfoil decline, showed
Eurasian watermilfoil had not regained its dominance
in the lake (Creed and Sheldon 1995), while native
plant density had increased.

These field studies had been constrained to a few
sites while other experiments, including laboratory
trials on the effects of the weevil on native plants, were
completed (Sheldon and Creed 1995). More studies
were needed to evaluate the conditions under which
this weevil may, or may not, be effective. For example,
weevil introductions into new lakes had been into
enclosures (Sheldon and Creed 1995). As enclosures
may present very different conditions than open water,
it is important to evaluate the impact of weevils on
Eurasian watermilfoil on a larger scale. Further, our
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studies to date had been carried out primarily in clear
water, mesotrophic lakes. There may be other
conditions that would reduce the probability of
successful control by weevils.

* The research reported herein describes results of
continuing studies at a site to follow Eurasian water-
milfoil decline, laboratory studies examining weevil
response to temperature, and plant quality and open
water releases of weevils into three lakes covering a
range of lake sizes and productivity.

Study sites and methods

Site of a Previous Eurasian Watermilfoil
Decline

Brownington Pond is a mesotrophic lake in
northeastern Vermont. Total surface area of the pond
is 64 ha; maximum depth is 10.5 m with an average
depth of 5.5 m. Eurasian watermilfoil cover decreased
95% between 1986 and 1989 (unpubl. data, State of
Ve:montDepartmentofEnvironmenml Conservation).
Since 1990 only two beds of Eurasian watermilfoil have
persisted. In both beds, three permanent transects
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spaced evenly over the bed were setupin 1990 (Creed
and Sheldon 1995) and sampled from 1990 to 1995.
Along each transect, locations were selected at half-
meter depth intervals from 0.5 to 3.5 m. There was no
Eurasian watermilfoil at depths > 3.5 m. All above-
sediment plant biomassina 0.25 m*quadratwas clipped
and bagged. At the laboratory, Eurasian watermilfoil
was removed from the samples and dried > 4 days at
80°C. Data from mid-August are presented.

We followed weevil abundance in the remaining
beds using an index of weevil abundance (for more
details see methods Creed and Sheldon 1995). Pairs of
plant apices are collected on transects running
perpendicular to the shoreline. Plants were returned
to the laboratory and examined under a dissecting
microscope. All weevils were counted. Data presented
are from mid-August.

Laboratory Studies

Eurasian watermilfoil is found throughout many
regions of the United States and Canada (Couch and
Nelson 1986). To investigate some of the conditions
under which weevils could be introduced successfully,
we examined weevils on Eurasian watermilfoil plants
encrusted with calcium carbonate, and on Eurasian
watermilfoil grown in nutrient poor substrates; both at
temperatures>25°C. Forall of the experiments, weevils
were collected from Glen Lake, VT, and were carried

outin July.

Temperature

We examined the effects of temperature on
survivorship of weevil eggs, larvae, adults, and on egg
laying. We set up aquaria atambient (ranging from 24-
26°C aver-the study)-and e-higher temperatures.
Three plastic containers(20 cm diameter x 30 cm-tall)
were placed into each aquarium and they were filled
with dechlorinated tap water. Aquaria served as water
baths to minimize the temperature fluctuations in the
smaller containers. Water in the aquaria was heated to
28°, 31°, 34°C or left as ambient.

The Eurasian watermilfoil plants were cleaned
under a microscope. Only plants with intact meristems
and without invertebrate eggs or larvae were used. Ten
plants were placed evenly spaced in each container.
Four female and four male weevils were added to each
container, which was then covered with 500 pum mesh.
The temperature in containers was recorded twice
dailyand water heaters adjusted as needed. After three
days, the adults were removed and placed in a second,
similar setof containers; each with ten plants. Containers
with adults were examined daily and the number of
adults recorded.

Egg survivorship and development on the plants
with eggs from which adults had been removed were
followed. The plants with eggs were also maintained in
the containersat 28°, 31°, or 34°C. Because so few eggs
were laid at 34°C, eggs on plants from the ambient
treatment were moved into the 34°C containers. The
duration of egg phase atambient temperature is 3.9 (¢
0.2) days (Sheldon and O’Bryan 1996). In this
experiment, egg hatching was followed for 10 more
days after removal of adults. At the end of 14 days, all
plants were examined under a dissecting microscope
and the numberand the life history stage of weevils was

recorded.

Marl

Our field research had been restricted to lakes
having low calcium concentrations (soft water). We
carried out a laboratory feeding trial with plants
encrusted in calcium carbonate. Six Eurasian
watermilfoil plants encrusted with marl (MARL) and
six plants without marl (NO MARL) were collected
from Lake Mansfield, Massachusetts (described below).
Each plantwas examined underadissecting microscope
and all invertebrates removed. Damage due to weevils
is distinctive, and any prior stem damage was recorded
for eachinternode. Six chambers (10 cm diameter x 27
cm tall) were filled with dechlorinated tap water. One
MARL plant and one NO MARL plant were randomly
assigned to each container. Two female and two male
weevils were added to each chamber. Chambers were
then covered with 500 pm mesh. After seven days, the
number of eggs laid and newweevil bites were recorded.

Plant quality

We have found variable fecundity on Eurasian
watermilfoil in some of our previous experiments and
wondered if plant “quality” might be a source of
variability. A choice trial, similar to that for marl-
covered plants, was carried out. Twenty Eurasian
watermilfoil plants < 30 cm in length with intact roots
were collected. Each plant was examined under a
dissecting microscope and all invertebrates removed.
On 22 June, ten plants were placed in 7 cm diameter x
7 cm tall cups. These cups were then filled with
autoclaved inorganic aquarium gravel (nutrient
POOR). The other ten plants were placed in similar
cups except the cups were nearly filled with autoclaved
sedimentfrom theshores ofamesotrophiclake (relative
to gravel, nutrient RICH). All the plants in cups were
put in an aquarium filled with dechlorinated tap water
and held in a greenhouse under ambient light.

After forty days, the plants were removed from the
aquarium and each was again examined under a
dissecting microscope. For each plant, thenumberand
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condition of leaf whorls and side branches were
recorded. Any leaf or stem damage was also recorded.
Five of the most similar (plant length, number of side
branches, number of leaf whorls) from POOR and
from RICH treatments were chosen. Pairs of plants,
one from POOR and one RICH, were randomlyassigned
to containers as described above; five such chambers
were set up. Two female and two male weevils were
added to each chamber. Chambers were then covered
with 500 pm mesh. After seven days, the plants were
reexamined and the numbers of damaged leaves, stem
bites, and eggs laid were recorded.

Lake Introductions:

Lake Bomoseen
Lake Bomoseen is the largestlake within Vermont.
This mesotrophic lake has a surface area of ~1100 ha,
an average depth of 8 m, and maximum depth of 20 m.
- Eurasian watermilfoil was first reported in the lake in
1982, and dominated thelittoral zone by 1988. Eurasian
watermilfoil has been managed by weed harvesting. In
1991, we set up three pairs of “no harvest” sites. These
15 to 25 m wide areas ran from the shoreline to the
depth below which harvesters donotreach. One pair of
no harvest sites was on the eastern shore separated by
50 m (=Eckley), one pair on the western shore separated
by 5 m (= Cedar), and the last on the east side of an
island in the middle of the lake, 5 m apart (= Neshobe).
The no harvest areas were maintained from 1991-1996.
Biologists from the Vermont Department of
Environmental Conservation and Middlebury College
added weevils to one of each of the pairs of no harvest
sites weekly from midJune to mid-August. A total of
more than 5000 weevils over all threesites wasadded in
1993.1n 1994, more than 8,000 weevils were added. No
weevils were added in 1995 or 1996. An index of weevil
density was obtained at all six sites by collection of ten
apical portions of plants along three transects,
perpendicular to shore as described above for
Brownington Pond. At the end of the summer
quantitative plant samples were also collected. All the
plants in a 0.18 m? quadrat were cut near the sediment
surface and collected. Three such samples were taken
at the end of summer in each of thesix no harvestareas.
Plants were separated by species and dried for >4 days
at80°C.Because plants other than Eurasian watermilfoil
comprised at most 1% of the plant dry weight, just
Eurasian watermilfoil data are reported. In 1994, at
Eckley, Eurasian watermilfoil declined, however, this
was not due to weevils; this site was dropped in 1995.

Lake Mansfield
Lake Mansfield, Massachusetts, isasmall, eutrophic

lake of ~ 45 ha surface area, an average depth of 3.5 m,
and maximum depth of 7 m. This lake has an extensive
littoral zone, Eurasian watermilfoil grows from sediment
level to the surface in more than 70% of the lake, There
were ~ 250 stems of Eurasian watermilfoil per m2, On
some hotstill days, surface water temperature exceeded
82°C. Lake Mansfield is a hard water lake; the lower
portion of many Eurasian watermilfoil stems were
encrusted with marl.

Weevils were added to this lake weekly from 6 June
to 8 August 1995 ina 20 m wide areasetaside from weed
harvesting. Over the 10 week period, more than 12,000
weevils were added to a single site. At the end of the
summer, we noticed that few Eurasian watermilfoil
plants were flowering (an indication of apical mortality).
A transect line was set up running north-south, parallel
toshore. Atone meter intervals, we counted the number
of flowers in a 0.25 m? quadrat. At the end of the
growing season, we collected ten apical portions of
plants along three transects, perpendicular to shore as
described above.

Goose Pond

Goose Pond, Massachusetts, is a moderate-size
oligotrophic lake, with mean depth of 7 m, and
maximum depth of 15 m. Eurasian watermilfoil is only
dominant in some regions of the lake. Where Eurasian
watermilfoil did grow, it was found in water 0.5 to 7m
deep. Stem density at our study site ranged from 100-

200 m®. Weevils were added weekly to a 35 m wide area

in the lake from 13 June to 8 August 1995, resulting in
a total of more than 17,000 weevils. At the end of the
growing season, we collected apical portions of plants
on transects and counted weevils as described above.

Resul_t;

Brownington Pond Eurasian
Watermilfoil Decline

In Brownington Pond in late summer 1989, it was
difficult to find any Eurasian watermilfoil (personal
observation). In 1990, we found two beds of Eurasian
watermilfoil, one in the south of the pond, the other
west. These two beds are separated by ~ 100 m of mixed
native plants. Results from quantitative sampling
conducted from 1990-6, show that Eurasian watermilfoil
and weevil abundance have varied over the past 7 years
(Fig. 1). There have been two increases in Eurasian
watermilfoil abundance over this period, in 1990 and
1994. There was an increase in weevil density in 1991.
Eurasian watermilfoil abundance diminished over 1992



SHELDON

82

and 1993. In 1994, Eurasian watermilfoil density again
increased, although plant densities were less than half
of the 1990 rebound. Weevil density also increased in
the West Bed with the 1994 Eurasian watermilfoil
rebound. In contrast, weevil densities remained higher
in the South Bed through 1992and 1993 (Fig.1).Atthe
end of 1995, Eurasian watermilfoil density appeared
similar to the conditions in 1989. When we examined
the lake in August 1996, it was difficult to find any
Eurasian watermilfoil anywhere in the lake. At that
time, most plants were < 60 cm long, in contrast to
previous years when, in deep regions of the bed,
Eurasian watermilfoil plants were > 2.0 m long.
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Figure 1.~Eurasian watermilfoil density and weevil abundance in
Brownington Pond, VT. Values are mean plant dry weight plant g -
m*and number of weevils. Plantbiomassis indicated by open circles,
weevil density is shown as closed squares. A. West Bed, B. South Bed.

Laboratory Studies

Weevil response to temperature

More eggs were laid at ambient temperature (24-
26°C) than at higher temperatures (Table 1). The
number of eggs laid, however, was limited due to adults
leaving containers, particularly at 34°C. In the 34°C
containers, adults were found out of the water at the
edge of the mesh lid, or they had crawled through the
mesh. No dead adults were found. This escaping
behavior was unusual; we have never observed large
scale escapees in the many experiments performed
over many years. Egg hatching success at 28°C and
31°C was similar to the 87% we found earlier under
ambient temperatures (Sheldon and O’Bryan 1996),
however, it was much lower at the highest temperature
(Table 2). Larval survival was lowatboth 31°Cand 34°C

(Table 2).

Table 1.-Mean number (+ 1 SE) of weevil eggs and
larvae found after 3 days by container and number of

adults remaining after 3 days.
temperature eggs and larvae # adults
remaining
ambient 42.0 (+4.2) 23
28°C 31.7 (+ 3.4) 20
31°C 22.3 (+ 4.9) 18
34°C 15.7 (+ 10.7) 10

Table 2.-Weevil egg hatching and larval survivorship
by temperature. Percent larval survival is percent of

eggs laid that get to the pupal phase.

temperature
28°C 89 86
31°C 83 65
34°C 3* 2

*These eggs were from adults in ambient treatment,
subsequently moved to 34°C containers.

Weevil responses to plants of variable quality

There was a significant response by weevils to
Eurasian watermilfoil that potentially varied in plant
“quality”. In the MARL experiment, where weevils were
placed with plants with and without marl, significantly
more bites (p < 0.01, t-test) and more eggs (p<0.01, t-
test) were found on NO MARL plants than on MARL
plants (Fig. 2A, B).

In the experimentusing plants grown on inorganic
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Figure 2.-Weevil feeding and ovipositing choice between Eurasian
watermilfoil encrusted with marl or with no marl. A. Number of bites
in stem tissue (mean + I SE), B. Number of eggslaid on plants (mean

+1SE).

or organic substrate, significantly more eggs (p < 0.01,
t-test) were found on plants that had been grown in
lake sediment (RICH) compared to those grown in
inorganic aquarium gravel. There was a trend of
decrease in the number of bites on POOR plants (p <
0.16, t-test), but there was great variability (Fig. 3A).
Over the experiment, weevils laid significantly more (p
<0.01, t-test) eggs on RICH plants (Fig. 3B).
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Figure 8.-Weevil feeding and ovipositing choice between Eurasian
watermilfoil of high or of low nutrient status. A. Number of bites in
stem tissue (mean + 1 SE), B. Number of eggs laid on plants (mean
+1SE).

Introduction of Weevils

In Lake Bomoseen, weevil density increased with
the 1993 and 1994 additions (Fig. 4). Despite no weevil
introductions in 1995 and 1996, weevil densities
continued to increase at Cedar, the northwest site, and
the Neshobe island sites (Fig. 4). In 1993, plant density
in introduction and control sites were initially similar.
Weevils were then added to one site of each pair. In
1994, however, asweevils flew back from over-wintering
in the shore vegetation to the lake, they moved into
both the introductionsites and into what had been the
“rantrol” sites. Thus, plaiit density measurements

NUMBER OF WEEVILS

88e8SY

Figure 4.-Weevil density in introduction sites in Lake Bomoseen,
VT, 1992-1996. Weevils were introduced in 1993 and 1994 at three
sites. Values are the mean number of weevils on 10 plants in mid-
Angust. Cedar was not a study site in 1992, Eckley was dropped in
1995 due to & lack of Eurasian watermilfoil (aot due to weevils).

between treatments can only be compared in 1993. In
general, Eurasian watermilfoil biomass has decreased
over time (Fig. 5). It is too early to determine if this
Eurasian watermilfoil decline is entirely induced by
weevils. _

In Lake Mansfield, in mid-August, we found a
variety of weevil-associated damage to Eurasian
watermilfoil including stem bites, loss of leaves,

hollowing of internodes, darkening of the internodes,

and meristem damage. At the end of the growing
season, there were 0.67 weevils per stem. In mid-
August, few Eurasian watermilfoil plants in the weevil
introduction area flowered. Over a transect running
through the introduction area, there were changes in
the number of plants flowering (Fig. 6). No plants
flowered in the middle of the site to which weevils had

been added.
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Figure 5.—Eurasian watermilfoil biomass ia weevil introduction sites
in Lake Bomoseen VT (mean dry weight g- ar* + 1 SE). There were
na intraductinne in 1994 ar 1995
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watermilfoil is growing in nutrient poor conditions,
e.g., sand or cobble. At the same time, plants usually
grow more slowly on poor sediment and Eurasian
watermilfoil is more likely to be problematic in
mesotrophic to eutrophic lakes, than in oligotrophic
lakes (Anderson and Kalff 1986, Smith and Barko
1990). Weevils did establish on “poor” plants in the
field. In Goose Pond, Eurasian watermilfoil grew on
sandy and rocky substrate, where we found eggs laid
and saw significant damage caused by weevils.

Weeuvil Introductions to Lakes

After our research suggested little negative impact
of weevils on native plants (Sheldon and Creed 1995),
the State of Vermont permitted the first open water
releases of E. lecontei in 1993. The State of Massachusetts
first allowed open water stocking of this weevil in 1995.

The data from Lake Bomoseen are promising. It
appears that weevil populations have become
established in two of the three sites. Weevil populations
continued toincrease in 1995 and, Eurasian watermilfoil
biomass has been declining. Weevils have not become
established at Eckley (Fig. 5). At Eckley, it was very
difficultto find the requisite thirty Eurasian watermilfoil
stems. In 1995, the dominant plants at this site were
Ceratophyllum demersum and Potamogeton crispus. It is
important to note that having followed this site very
closely for five years, we do not attribute the Eurasian
watermilfoil decline at Eckley toweevils. We have never
seen high weevil densities at thatsite, nor have we seen
the extensive damage to plants by weevils. It is possible
that a pathogen, e.g., Mycoleptodiscus terrestris (Gunner
et al. 1990), has impacted the plants. We do not know
the cause of this localized decline. T

In_the Massachusetts lakes, we did not have the
luxury of prior quantitative data. Our data from these
sites are restricted to observations and an index of
weevil abundance. It appeared that although water
temperatures were high and there was more marl in
Lake Mansfield than our other sites, weevils did persist
at the site in 1995. Similarly, despite the nutrient-poor
substrate for Eurasian watermilfoil growth in Goose
Pond, we found eggs on those plants and there was
. extensive plant damage.

In Lake Mansfield, there was a lack oflate summer
floweringinareas of weevilintroduction. In examination
of plant apices where flowering occurs, the stems were
blackened and apical meristems were either heavily
damaged ina pattern consistentwith damage by weevils,
or there were noapical meristems. Eurasian watermilfoil
reproduces primarily by fragmentation. While'it is very
unlikely that the impact on flowers would have any
significant, negative effect on Eurasian watermilfoil, it

isa measure of damage due to weevils. If meristems are
unviable, they will not be able to make more leaves and
continue to grow. Meristems located on the lower
portion of the plant can initiate growth; however, there
is less light reaching these meristems. Three years
before state biologists found the Eurasian watermilfoil
decline in Brownington Pond, biologists noted that the
plants were notflowering (H. Crosson, VT Department
of Environmental Conservation, Waterbury VT, pers.
comm.).

Some Macrophyte Management
Considerations

Two patterns are emerging from our research and
observations, In areas of increasing weevil density, the
first obvious sign of weevil impact on Eurasian
watermilfoil is a lack of Eurasian watermilfoil flowering
(Brownington Pond, Lake Mansfield, and Glen Lake
(unpubl. data)). As weevil density increases further,
Eurasian watermilfoil collapses outof the water column
(Brownington Pond, shallows of Lake Bomoseen,
Goose Pond, Glen Lake (unpubl. data)) between mid-
Julyand mid-August. Both of these signs are easilyseen
from the water surface. Looking for these clues would
be an inexpensive way to monitor insect density atsites
where weevils have been introduced.
~ Lake managers and local lake associations have
expressed interest in research determining in which
types of lakes might weevils be effective, how many
weevilsitwill take to control anarea, and how long until
control is achieved. On the first point, our results
suggest that weevils can survive and cause significant
plant damage in lakes of 1) varied size; 2) trophic
status; 3) temperature; and 4) in hard and soft water—
lakes. Itis important to note; however, thatour dataare
still of limited scope. We have not introduced these
weevils to other parts of the country, nor into riverine
systems.

While weevils can persist over a range of abiotic
conditions, it appears that weevils do not maintain
populations where weed harvesters are used. In
contiguous harvested and un-harvested plots, weevils
were more than three times more abundant in the
unharvested areas compared to harvested (Sheldon
and O’Bryan 1996). Because weevils spend most of
their time in apical portions of Eurasian watermilfoil
plants, itis notsurprising that harvesting has a negative
effect on weevil density.

In order for a biological control agent such as this
aquatic weevil to be effective in controlling exotic
species like Eurasian watermilfoil, a certain amount of
time is needed for the agent to establish populations

_large enough to cause damage. This may run counter






