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Abstract

There is increasing concern that introduced, classical biological control agents can have signif
icant negative effects on non-target species. One alternative to classical biological control is the 
use of native species to control exotic pests. A North American weevil, Euhrychiopsis lecontei, 
is being used as a biological control agent for the introduced aquatic plant Eurasian watermilfoil 
(Myriophyllum spicatum) in the United States. Previously, we determined that E. lecontei did not 
have a significant effect on several unrelated species of native North American aquatic plants. Here, 
we examine the effects of this weevil on six native North American watermilfoils. In six separate 
experiments, individual shoots of each native watermilfoil species were exposed to zero, two or 
four weevil adults. Changes in length and final dry mass were determined for each shoot at the end 
of the experiments. We also recorded the number of weevil eggs and larvae on these native water
milfoil species at the end of the experiment. In treatments with two weevils per plant there were no 
significant impacts of weevils on the native watermilfoils. However, in treatments with four weevils 
per plant, final length of M. verticillatum after 11 days was 13% shorter than controls, and with 
four weevils final dry mass of M. alterniflorum was 65% less than controls and M. humile 43% less. 
Weevils laid fewer eggs on all native watermilfoil species than on M. spicatum controls. Few of the 
eggs laid on the native watermilfoils hatched. Our results suggest that when its density is high, E. 
lecontei can have impacts on some native watermilfoil species. However, due to reduced fecundity 
on native watermilfoils, E. lecontei will probably have little impact on the native species. E. lecontei 
appears to be an example of a native biological control agent that can reduce the abundance of an 
exotic species without a significant negative impact on closely related, non-target species.
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1. Introduction

The accidental or intentional introduction of exotic species, many of which can be
come widespread pests, is a serious environmental problem (Carlton and Geller, 1993; 
Vitousek et al., 1996). The two main options for controlling nuisance exotic species are 
the application of pesticides and biological control. Of the two options, biological con
trol, the use of one organism to control another, has been considered by some to have 
fewer impacts on non-target, native organisms (DeBach and Rosen, 1991; Frank, 1998). 
In classical biological control, natural enemies of a pest in its native range are identified, 
evaluated and then released in the invaded habitat (DeBach and Rosen, 1991; Harley and 
Forno, 1992). Appropriate classical biological control agents should be specific to the pest 
species, and should not have a negative impact on non-target species. While there have 
been notable successes using biological control agents, e.g. the control of prickly pear 
cactus (Opuntia) in Australia by a moth (Cactoblastis cactorum), and the control of gi
ant waterfern (Sabinia) by a weevil (Cyrtobagous sabinae), there have also been some 
disasters. These disasters include the impacts of generalist consumers, e.g. cane toads and 
mongoose, as well as some more specialized classical biological control agents, e.g. C. cac
torum and Rhinocyllus conicus, on non-target species (e.g. Harris, 1988; Howarth, 1991; 
Simberloff, 1992; Simberloff and Stiling, 1996a,b; Touda et al., 1997; Hamilton, 2000). 
Since even fairly specialized classical biological control agents may have negative im
pacts on non-target species, it is important to examine alternative approaches. One possible 
alternative is the use of control agents that are native to the habitat invaded by a pest 
species.

A North American aquatic weevil ,Euhrvchiopsis lecontei (Dietz), has recently been iden
tified as a biological control agent for Eurasian watermilfoil (Myriophyllum spicatum T.), a 
nuisance aquatic weed that has spread throughout North America (Couch and Nelson, 1986; 
Creed, 1998). E. lecontei has been associated with declining Eurasian watermilfoil popu
lations (Sheldon, 1990; Creed and Sheldon, 1995; Sheldon, 1997; Newman and Biesboer, 
2000). In aquarium, pool and field experiments, weevils had a significant negative effect on 
M. spicatum  growth and buoyancy (Creed et al., 1992; Creed and Sheldon, 1993, 1994b, 
1995; Sheldon and Creed, 1995; Newman et al., 1996). Based on this research, weevils are 
now being released for the purpose of controlling M. spicatum in North America (Madsen 
et al„ 2000).

Although E. lecontei is native to North America, it is still important to determine 
the potential effects of this native weevil on native plants. Previously, we determined 
that the weevil did not have significant negative effects on several unrelated species of 
aquatic plants (Sheldon and Creed, 1995). While we examined the impact of the wee
vil on one native watermilfoil (northern watermilfoil (Myriophyllum sibiricum)) in those 
experiments, there are several other species of watermilfoil that are native to North Amer
ica. In this study, we investigated the possible effects of weevils on several common 
native North American watermilfoils. As these species are more closely related to M. 
spicatum, it is possible that the weevil could have negative impacts on these non-target 
species.
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2. Methods

We ran six separate experiments with six species of Myriophyllum. These included M  
alterniflorum DC, M  heterophyllum Michx .,M . humile (Raf.) Morong, M  laxum Schut- 
tlw. ex Chapm .,M  sibiricum, and M  verticillatum  L . M. alterniflorum and M  sibiricum 
were collected from ponds in Vermont. M. heterophyllum and M. verticillatum were col
lected from ponds in New Hampshire. M  humile was collected from a pond in Maine. M  
laxum was collected in Florida. Plants were examined under a dissecting microscope and 
all invertebrates and eggs were removed. Only plants with intact apical meristems were 
used. The initial shoot length was recorded. Individual plants were rooted in ~  100 cm3 
pots of lake sediment, and then placed in clear (30 cm tail, 6 cm inside diameter) plas
tic chambers, capped with a lid of 202 pim Nitex. For each species, 18 chambers were 
placed in six rows, with three chambers per row, in a wading pool (3751, mean water 
depth: approximately 30 cm) filled with well water (conductivity: 165 piS/cm; alkalinity: 
50.8 mg/1) (Vermont Department of Environmental Conservation). Once in the pool, each 
chamber was individually aerated. The experimental design for each species was a random
ized block design with three treatments (the addition of zero, two, and four adult weevils 
per chamber) and six replicates. Chambers for each of the six species were in different 
wading pools. Three additional chambers, each with one Eurasian watermilfoil stem and 
four adult weevils, were placed in each of the six wading pools. The purpose of these three 
additional chambers was to make sure that the pool environment did not adversely affect 
the weevils (i.e. procedural controls) and to allow for a comparison of weevil egg and lar
val abundance on the native watermilfoils versus M  spicatum. The weevils used in these 
experiments were collected from lakes and ponds in the vicinity of Middlebury, Vermont, 
USA. All six wading pools were in a single greenhouse. The duration of the experiments 
for each species are as follows: M. humile, M. sibiricum—9 days: M. alterniflorum, M. 
heterophyllum and M  laxum— 10 days: M  verticillatum— 11 days. The experiments with 
M. alterniflorum,M. heterophyllum,M. humile andM  verticillatum were conducted in July
1993. The experiments with M  laxum andM  sibiricum were conducted in July and August
1994. Water temperature in the pools during these experiments ranged from 16.1 to 25.6 °C 
for M  heterophyllum a n d M  humile, and from 18.9 to 32.2 °C for M  verticillatum and 
M  alterniflorum. For M  sibiricum an d M  laxum water temperatures ranged from 19.2 to 
31.1 °C.

At the end of the experiment, plants were removed from the chambers and the 
number of weevil eggs and larvae were recorded. Egg and larval numbers were standard
ized as the number per weevil instead of number per plant in order to compare treat
ments with two and four weevil adults. Change in plant shoot length and final dry mass 
were determined. In some cases, plants broke when they were removed from the cham
bers, making measurement of shoot length difficult. Change in stem length is based on 
intact plants only. Mean dry mass data are for all plants. Data for each species were an
alyzed using analysis of variance. Treatment effects (weevil density) were assessed us
ing Tukey’s HSD test. Fecundity for each native species was compared to the M  spi
catum controls was analyzed with a one-way analysis of variance for each single 
species.
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3. Results

Weevils fed on stems, leaves and apical meristems of the native Myriophyllum  species. 
Weevils significantly reduced stem elongation of only M. verticillatum (Table 1). Weevils 
significantly reduced final dry mass of only M. alterniflorum and M. humile. Significantly, 
fewer eggs and larvae were recovered from the native watermilfoils than from the M. spi
catum controls that were in the same pools (Table 2). No eggs were recovered from M.

Table 1
The effect of weevils on shoot length change and final dry mass of six native watermilfoils after 9-11 days 

Number of weevils P

0 2 4

Change in length (cm)
M. alterniflorum 3.85
M. humile 1.90
M. sibiricum 3.43
M. laxum 1.76
M. heterophyllum 4.83
M. verticillatum 2.82

Final dry mass (g)
M. alterniflorum 0.11
M. humile 0.07
M. sibiricum 0.08
M. laxum 0.17
M. heterophyllum 0.28
M. verticillatum 0.17

±  1.20 2.67 ±  5.11
± 0 .77 -0 .6 7  ±0.82
± 0 .70 1.80 ±0.64
±0 .85 0.13 ±0 .18
± 4 .17 -0 .2 0  ±  2.24
±  1.04a 0.22 ±0.31 '

COpÖ-H 0.07 ±  0.03:ropÖ-H 0.06 ±  0.02:
±0 .02 0.10 ±0.02
± 0 .03 0.13 ±0 .03
± 0 .07 0.30 ±  0.08
± 0 .03 0.16 ±0 .06

0.50 ±  2.67 0.125
-1 .0 3  ±1 .01  0.068

1.52 ± 0 .7 4  0.157
-0 .3 7  ±  0.69 0.062

0.00 ±  2.67 0.629
0.02 ±  0.48b 0.001

0.04 ±  0.01b 0.001
0.03 ±  0.01b 0.015
0.09 ±  0.02 0.829
0.21 ± 0 .0 7  0.084
0.23 ±  0.12 0.584
0.17 ± 0 .0 6  0.991

Values are means (±1 S.E.). Treatments with different letters (a, b) are significantly different (Tukey’s Test). The 
P -values in the far right-hand column of the table are for the overall treatment effect in the one-way analysis of 
variance. See Section 2 for the number of replicates for each species.

Table 2
The mean (±1 S.E.) number of eggs and larvae per weevil found on the native watermilfoil species and the 
respective Eurasian watermilfoil controls for each of the six experiments

Watermilfoil species Eggs Tarvae

Native At. spicatum P Native At. spicatum P

At. alterniflorum 0.00 ±  0.00 0.80 ±  0.11 0.000 0.00 ±  0.00 0.33 ±0 .28 0.000
At. humile 0.14 ±0 .22 1.25 ±  1.89 0.051 0.03 ± 0 .08 0.83 ±  1.17 0.005
At. sibiricum 0.42 ±0 .24 1.42 ± 0 .28 0.001 0.25 ± 0 .53 1.08 ±0 .22 0.022
At. laxum 0.06 ±0 .15 1.00 ± 0 .50 0.002 0.00 ±  0.00 0.33 ±0.81 0.006
At. heterophyllum 0.11 ±0 .22 2.83 ±  1.89 0.001 0.00 ±  0.00 3.00 ±  1.17 0.000
At. verticillatum 0.00 ±  0.00 0.25a 0.000 0.00 ±  0.00 1.25a 0.000

Values are expressed as number of either eggs or larvae per adult weevil to pooled over treatments with two or four 
weevil adults; P-values are from one-way ANO VA. Replication was n =  12 for native watermilfoil and n =  3 for
M. spicatum.

a Eggs and larvae were inadvertently combined for the three Eurasian watermilfoil controls in this trial.
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alterniflorum and M. verticillatum. Eggs were recovered from the other four native species. 
The greatest number of eggs (0.42 per weevil) was recovered from northern watermilfoil. 
The mean number of eggs recovered from the Eurasian watermilfoil controls ranged from 
0.8 to 2.83 per weevil. Across all six experiments, the mean number of eggs on native water
milfoils was 0.17 per weevil versus 2.40 per weevil on Eurasian watermilfoil. Larvae were 
only recovered from M. sibiricum and M. humile. Larval abundance on these two species 
was significantly lower than on M. spicatum.

4. Discussion

Weevils did feed and survive on the native watermilfoils, in contrast to previous experi
ments with native plants from other families (Sheldon and Creed, 1995). In these “no choice’’ 
trials, in treatments with four weevils per plant, weevils had a significant negative effect on 
three native watermilfoil species. However, in no case were both length and mass negatively 
affected for any of the native species. Weevil densities used in our experiments were consid
erably higher than we have observed in the field on native watermilfoils. We have routinely 
collected E. lecontei from M. sibiricum  in much of New England and elsewhere, as have 
other researchers (Creed and Sheldon, 1994a; Newman and Maher, 1995). Adult A. lecontei 
abundance o n i /  sibiricum is frequently one adult per 50-100 plants (Sheldon and Creed, 
personal observation). Of the other four watermilfoil species from northern North America, 
we have only collected E. lecontei from M. alterniflorum on one occasion (Creed, personal 
observation). In a survey of M. alterniflorum plants growing adjacent to an M. spicatum 
plant in a lake containing weevils, no eggs were observed on 30 M. alterniflorum plants. 
The mean (±1 S.E.) number of eggs on the adjacent M. spicatum plants was 0.40 ±  0.61 
(Sheldon, unpublished data).

Five of the native watermilfoil species that we tested occur in lakes and ponds in the 
northern United States and southern Canada. This appears to be the native range of E. 
lecontei and its native host, M. sibiricum (Creed, 1998). Thus, these five species already 
co-occur with the weevil. Granted, these five species have probably never been exposed to 
weevil densities as high as those likely to occur in a lake with an M. spicatum invasion. 
However, our experiments simulated such high densities and our results suggest that these 
five watermilfoil species should be able to tolerate such high weevil densities. Therefore, 
the weevil does not appear to pose a significant threat to these five species if it is used in a 
control project in their range. M. laxum, which is rare in Florida, was included in this study 
since E. lecontei might be used in control projects in Florida. While it too was able to tolerate 
high weevil densities, we have not studied the interaction between this watermilfoil species 
and weevils in the field. Without further studies, we therefore suggest that it is premature 
to suggest the use of the weevil for control projects in the southern United States where M. 
laxum occurs.

While adult weevils had some impact on three of the six native watermilfoil species they 
laid fewer eggs on them. Few of these eggs hatched and larval numbers were also low. 
Since larvae appear to have the greatest impact on watermilfoils (Creed and Sheldon, 1993, 
1994b) this result also suggests that this specialist herbivore will have little impact on the 
survival or growth of these native watermilfoils.
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Biological control has been thought to be less disruptive to native plants and animals 
than broad scale use of herbicides or insecticides, which in many cases are not selective to 
single species (DeBach and Rosen, 1991). Recently, however, there have been a series of 
papers detailing negative consequences that introduced biological control agents have had 
on native species (Harris, 1988; Howarth, 1991; McEvoy, 1996; Louda et al., 1997; Louda, 
1998; Thomas and Willis, 1998; Ewel et al., 1999). Exotic species brought in as control 
agents have started feeding on non-target species, including rare natives (Harris, 1988; 
Howarth, 1991; Louda et al., 1997; Louda, 1998). Pathogens and parasites have also been 
introduced along with biological control agents (Hawkins and Marino, 1997; Guy et al., 
1998). Not surprisingly, debate about the potential merits and costs of introducing species 
as biological control agents has increased (Simberloff and Stiling, 1996a,b, 1998; Jervis, 
1997, 1998; Cowie and Howarth, 1998; Frank, 1998). Given the potential risks associated 
with the introduction of classical biological control agents, pest managers should look for 
possible native control agents in addition to searching for control agents in the original 
range of the pest species.
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