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WEEVILS AND WATERMILFOIL: DID A NORTH AMERICAN
HERBIVORE CAUSE THE DECLINE OF AN EXOTIC PLANT?!

ROBERT P. CREED. JR.* AND SALLIE P. SHELDON
Deparument of Biology. Middlebury College, Middlebury. Vermont 03753 USA

Absrract. The Eurasian watermilfoil (Mvriophyllum spicatum) population in Brown-
ington Pond. Vermont. declined between (986 and 1989. Watermilfoil covered =10-11 ha
of the littoral zone in 1986. Less than 0.5 ha remained in 1989. An herbivorous weevil
(Euhrychiopsis lecontei), which is native to North America, was found associated with this
watermilfoil population and we hypothesized that this weevil played a role in the decline.
We monitored watermilfoil and £. lecontei populations in Brownington Pond from 1990
through 1992 by (1) mapping the location and extent of beds in the pond. and (2) determining
watermilfoil biomass along permanent transects. The abundance of weevil eggs, larvae,
pupae. and adults were monitored by sampling individual watermiifoil stems.

Watermilfoil cover increased to =2.5 ha by 1991 and then declined again to =+ha by

. 1992. The reduction in watermilfoil biomass from 1991 to 1992 ranged from 4- to 30-fold
depending on location. Mean weevil abundance increased from 1990 (<l/stem) through
early 1992 (3—¥/stem) and then began to decline. The number of weevil eggs/stem also
_ peaked in early 1992 and then declined. These survey results are consistent with the hy-
pothesis that the weevil played an important role in producing both observed declines.

The effect of weevils on watermilfoil was evaluated in two experiments. In an aquarium
experiment, we found that the viability of stem fragments damaged by weevils was reduced
compared to stem fragments without weevil damage. Watermilfoil commonly spreads by
producing fragments so the spread of watermilfoil beds by fragmentation may be reduced
when weevil abundances are high. In a pond enclosure experiment, weevils suppressed the
production of new watermilfoil biomass. The biomass of lateral stems and roots of water-
milfoil plants damaged by weevils was significantly less than those of control plants. There
was no significant difference in the biomass of the stems originally planted in the enclosures.
Weevil damage did have a negative effect on the buoyancy of these original stems. however.

These experimental results also support the hypothesis that this native weevil played an

important role in the two watermilfoil declines observed at Brownington Pond.
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INTRODUCTION

Biological control has been used successfully for
controlling a variety of terrestrial and aquatic weeds
that have invaded new habitats  around the world
(Crawley 1989, Debach and Rosen 1991. Harley and
Forno 1992, Julien 1992). Most of these successful
control programs have been examples of classical bi-
ological control (Crawley 198Y. Debach and Rosen
1991. Harley and Forno 1992, Julien 1992). which in-
volves the introduction of a control agent from the
native range of the nuisance plant into the infested
region (Debach and Rosen 1991, Harley and Forno
1992). While introduced insects are frequently used as
control agents (Julien 1992). native insects. which of-
ten colonize introduced plant species (Strong et al.
1984), are not commonly utilized (Harley and Forno
1992, Julien 1992). In the majority of cases where na-
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tive insects have been released as potential control
agents for introduced weeds, they have not been suc-
cessful (Julien 1992). In their handbook on the bio-
logical control of weeds, Harley and Forno (1992) do
not consider the use of native insects to be a worthwhile
approach to the control of exotic plants because their
populations do not appear to remain at high enough
levels to provide acceptable control of the exotic spe-
cies. Another potential problem with native insect spe-
cies is that their phenology may be out of phase with
that of the exotic plant such that the insect is abundant
at a time when it has little effect on the target plant
(e.g.. Frick and Garcia 1975). The result is a need for
artificial augmentation of insect populations at the
times when the plant is most susceptible to the insect.
Harley and Forno (1992) believe that such augmenta-
tion makes the use of native insects extremely expen-
sive and impractical. Not all native insects may have
these drawbacks. however.

One problem exotic plant for which a native insect
is being considered as a control agent is Eurasian wa-
termilfoil (Myriophxllum spicarum L.). No successful.
classical. biological control agent has yet been found
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for Eurasian watermilfoil. Instead. a variety of alter-
native control efforts (e.g.. harvesting, hydroraking.
rotovating. drawdowns. bottom barriers, herbicides)
have been employed in an attemps to control the abun-
dance of this nuisance aquatic piant. While these meth-
ods have resulted in short-term reductions in water-
milfoil biomass, they are expensive and have not pro-
vided long-term control (e.g.. Bayley et al. 1968. Aiken
et al. 1979, Smith and Barko 1990). The native insect
being considered as a control agent for watermilfoil is
the nearctic weevil Euhryvchiopsis lecontei (Dietz). E.
lecontei was found associated with a watermilfoil pop-
ulation in Brownington Pond. Vermont, which had de-
clined from 10-11 ha in 1986 to <0.5 ha in 1989.
Experiments conducted in aquaria and pools have
found that E. lecontei can suppress watermilfoil growth
(adults and larvae). remove significant amounts of leaf
tissue (adults), weaken the stem (adults and larvae),
remove stem vascular tissue (jarvae), and reduce wa-
termilfoil buoyancy (adults and larvae) (Creed et al.
1992. Creed and Sheldon 1993, 1994a). In this paper.
we present the results of surveys. an aquarium exper-
iment, and a pond enclosure experiment that support
the hypothesis that this native, herbivorous weevil may
have been responsible for producing the watermilfoil
decline in Brownington Pond. In a companion paper
(Sheldon and Creed 1995), we document the effect of
E. lecontei on native macrophytes and present the re-
sults of controlled introductions of weevils into two
lakes that did not previously contain weevils. All of
these data suggest that this native insect has potential
as a biological control agent for Eurasian watermilfoil
in North America.

METHODS

Warermilfoil and weevil surveys

Since 1990 we have qualitatively mapped the posi-
tions and extent of any watermilfoil beds in Brown-
ington Pond using snorkeling and boat surveys. In
1990. we found two watermilfoil beds (referred to as
the West and South Beds) in water =2.0-3.5 m deep.
We began sampling all submersed macrophytes along
three permanent transects, which were perpendicular
to shore and included the two watermilfoil beds, to
document any changes in watermilfoil biomass. The
transects were evenly spaced across the length of the
beds. Plant samples were taken by scuba divers at
depths ranging from 0.5 to 3.5 m (in 0.5-m increments)
using a 0.25-m* quadrat. All plants within a quadrat
were clipped at sediment level and placed in sealable
plastic bags. Plants were separated by species in the
laboratory and dried (o a constant mass at 80°C. The
transects were sampled on two dates in 1990 and on
three dates in 1991 and 1992. Only watermilfoil bio-
mass data from the 2.0, 2.5. and 3.0 m depths are pre-
sented here as these were the depths at which the ma-
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jority of watermilfoil biomass was located 'y -
(Creed and Sheldon 1994h).

Weevils were collected using a Mobile [nveneh:,
Sampler (MIS) (D. L. Smith and S. P. Sheldon. ...
published manuscripn. designed for sampling a ving|e
watermilfoil stem. We define a single stem here as un
individual shoot emerging from the sediment: lateryl
stems were included in samples if they branched aboy ¢
the sediment surface. The sampler was a long plastic
tube with a removable sieve (300-um Nitex meshr. A
plant was chosen haphazardly and then enclosed in e
sampler by a scuba diver. Planis were cut near the <.
iment surface and the sieve was attached. Samples were
placed in sealable plastic bags and weevil adults and
larvae were removed from the fresh plants. Samplex
were collected on 6 dates in 1990 (July through Au-
gust). 11 dates in 1991 (June through August), and 12
dates in 1992 (June through August).

Weevils lay their eggs on watermilfoil meristems.
We sampled meristems in 1991 and 1992 10 document
changes in the abundance of weevil eggs. Apical pieces
of stem =50 cm long with undamaged meristems were
collected along three transects in each bed. Eight stems
per transect were collected haphazardly by snorkelers.
A total of 24 stems per bed per date were collected.
Meristems were dissected under a microscope and all
eggs were counted. Samples were collected weekly
from June through Auvgust. Additional samples were
collected once in September (1991 and 1992) and Oc-
tober (1991

Experiments

The effect of larval weevil damage on siem Sfragment
viabilirv.—Weevil herbivory. particularly larval bur-
rowing. weakens watermilfoil stems. which can result
in stem fragmentation. Fragments are generated by oth-
er watermilfoil control methods te.g.. mechanical har-

" vestingd (Nichols and Shaw 1986. Smith and Barko

1990). and as such fragments are usually viable (Aiken
et al. 1979), their production could promote the spread
of watermilfoil. The following experiment was de-
signed to determine if the viability of stem fragments
damaged by weevils was reduced compared to undam-
aged fragments. Undamaged fragments were similar to
those produced by mechanical macrophyte harvesters.
As many fragments may settle in deeper water where
light intensity is reduced. we also evaluated the effect
of light intensity on fragment growth.

Damaged and undamaged pieces of stem (meristem
plus stem) were removed from watermilfoil plants-in
Brownington Pond. These fragments were checked for
either weevil eggs (undamaged fragments) or larvae
(damaged fragments), which were removed along with
all other macroinyertebrates. The apical portions of the
fragments were cut to a standardized length of 4 cm.
The amount of larval weevil burrowing was not stan-
dardized for the dumaged fragments. but all fragments
Jisplayed some degree of lurval damage (meristem
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damage plus ~tem burrowing). The fragments were
planted in twelve 38-L aquaria containing aerated well
water and sieved pond sediment from the West Bed of
watermilfoil in Brownington Pond. The aquaria were
in a line (north o south) on the ground and were ex-
posed to ambient light. To prevent herbivore coloni-
zation. all aquaria were covered with a tight-fitting
translucent lid. which contained a panel of 500-pm
mesh o allow for air exchange and also aid in tem-
perature regulation of the water. Aquaria selected for
the reduced-light treatments were covered with a
shroud of window screen. which reduced light intensity
in these aquaria to half that of the unshaded aquaria.
Unshaded aquaria simulated light levels (3750000
1x) for shallow water (<0.5 m) in Brownington Pond:
shaded aquaria had light levels (1500-2000 Ix) com-
parable to those at 2.0 m where much of the water-
milfoil is located in the pond. Light levels were mea-
sured in the pond-and the aquaria using a Lutron LX-
101 luxmeter.

There were four treatments: (1) undamaged stems
(control). ambient light: (2) undamaged stems (con-
trol). shaded: (31 weevil-damaged stems. ambient light:
and (4) weevil-damaged stems. shaded. Each treatment
had three replicates and there were five stem fragments
per aguarium. The assignment of aquaria to treatments
was randomized. Temperatures were recorded weekly
using maximum/minimum thermometers suspended in
four of the aquaria (two shaded and two unshaded).

After 29 d the stems were gently removed from the
sediment. The percentage of stems with roots was de-
termined for each aquarium. Roots were removed from
the stem. blotted dry, and weighed. The final length of
both original and lateral stems was measured. A MAN-
OVA with orthogonal contrasts was used to determine
overall effects of weevil damage and shading on frag-
ment stem and root production (Sokal and Rohlif 1981).
Univariate ANOVAs with orthogonal contrasts were
used 1o examine the response of the individual variables
(percent of stems with roots. root mass. original and
lateral stem length) to treatments. Both the MANOVA
and the ANOVAs were performed on the means for
each variable from each replicate aquarium. Percent
data were arcsine transformed for the analysis.

Enclosure experiment.—{n previous experiments.
s determined that the adults and larvae of £. lecontei
van suppress the growth and reduce the buoyancy of
small watermilfoil plants in aquaria and pools (Creed
etal. 1992, Creed and Sheldon 1993, 1994a). We con-
ducted the following enclosure experiment to evaluate
the effect of E. lecontei un larger plants in the pond.
The enclosures were 3 m tall plexiglass cylinders (20
¢m outside diameter) with a bottom section (1 m).
which was driven into the sediment. and a detachable
top (2 my. Along the sides of the top were four pairs
W opurts covered with 202-pm Nitex mesh. which al-
iowed for water exchange with the water column. A
lid covered with 202-pm Nitex mesh was bolted on the
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top .ot cach enclosure. There was a vertical centimerre
scale on the outside of the top. Ten enclosure bottoms
were placed in the pond on the nearshore side of the
South Bed by a scuba diver on 17 June 1992, Two-
thirds ot each enclosure bottom was pushed into the
sediment and the remainder was filled with sediment
trom the South Bed.

We collected a aumber of small (=40 c¢m long
shoots). unbranched watermilfoil plants with intact
roots from the West Bed. The plants were cleaned of
obvious macroinvertebrates and weevil egys. sorted
into 13 groups of six. and weighed (blotred wet mass)
to standardize initial biomass. Ten groups of six plants
were randomly assigned to the enclosures and the re-
maining three groups were dried at 80°C for an initial
estimate of dry mass. Six plants per enclosure is equiv-
alent to 18! plants/m°. which was within the range of
densities determined by pond surveys in 1990. On 18
June. the plants were gently-pushed into the sediments
in the enclosure bottoms by a scuba diver until the roots
were buried. The enclosure top was then bolted to the
bottom and the lids were attached. The maximum
height of each stem in each enclosure was recorded by
a scuba diver 4 d after the watermilfoil was planted
and then weekly until the end of the experiment. The
difference between treatments in stem height was com-
pared on the last date (17 August) using an ANOVA.

During the first 3 wk of the experiment {arval weevil
damage was observed oa a single stem in four of the
enclosures. Weevil eggs are occasionally placed deep
inside the meristem and cannot be found without de-
stroying the meristem. These four enclosures were des-
ignated as the weevil treatment. As the plants had been
randomly assigned to tubes we assumed that the dis-
tribution of this treatment across enclosures was not
biased. On 9 July we added adult weevils (2 males and
2 females) to these four enclosures. Another three en-
closures each contained a single Acentria ephemerella
(Denis and Schifférmiiller) (= A. nivea (Olivier)) larva
s0 these enclosures were not used in the experiment.
The remaining three enclosures were designated as her-
bivore-free controls. At the time the adult weevils were
added. the heights of the six original stems (me¢an =
| sg) in the control and the weevil treatments were
83.00 = 2.59 and 79.93 = 3.98 cm. respectively. The
enclosures were periodically cleaned of external peri-
phyton.

The experiment was terminated on 20 August 1992,
The plants were clipped at sediment level and the stems
were collected inside the enclosure top. which was then
sealed with a screen-covered bottom (202-pm Nitex
mesh). The enclosure top was lifted out of the water.
the plants and animals were collected on the bottom
screen and then placed in sealable plastic bags. The
roots were gently removed from the sediments and
bagged. [n the laboratory. invertebrates were separated
from the plant material and enumerated. Watermilfoil
stemis were separated into the six original stems {i.e..
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FiG. 1. Eurasian watermilfoil and weevil abundance in FiG. 2. Eurasian watermilfoil and weevil abundance in
the South Bed from 1990-1992. (A) Watermilfoi! biomass

the West Bed from 1990-1992. (A) Watermilfoil biomass
(mean = 1 sg). Data are from the plant transects. All samples
from the 2.0-3.0 m depth intervals were used (n = 9 for each
date). (B) Weevil abundance as mean (x! sg) number of
adults and larvae per stem. Samples were collected using the
small Mobile Inveriebraie Sampler (MIS) sampler. N = 5 for
all dates in 1990 and 1991. N = 3 for all samples in 1992.
The letters below the x axis refer to months (June through
September) and the tick marks on the x axis indicate weeks.

the stems present prior to the adult weevil introduction)
and the newer lateral stems. Roots were cleaned of any
organic debris. Stems and roots were dried to a constant
mass at 80°C. Weevil larvae were not found in one of
the weevil enclosures so this enclosure was not in-
cluded in the analysis. Thus, 1 = 3 for both the control
and weevil treatments. The overall treatment effect was
analyzed using a MANOVA. Univariate ANOVAs were
used to examine the response of the individual variables
(original and lateral stem biomass, root biomass) to the

treatments.
RESULTS
Watermilfoil and weevil surveys

The area covered by watermilfoil beds increased to
=325 ha in 1991 and then declined again to =1.0 ha
during the winter of 1991-1992. The northern half of
the West Bed and all of the South Bed were largely

(mean = | sg). Data are from the plant transects. All samples
from the 2.0-3.0 m depth intervals were used (n = 9 for each
date). (B} Weevil abundance as mean (=1 SE) number of
adults and larvae per stem. Samples were collected using the
small MIS sampler. N = § for all dates in 1990 and 1991. N
= 3 for all samples in 1992. The letters below the x axis refer
to months (June through September) and the tick marks on
the x axis indicate weeks.

devoid of watermiifoil for most of 1992. Scattered.
mostly short (<0.5 m) watermilfoil plants were present
in the southern portion of the West Bed. By the end of
the summer, the watermilfoil plants in the south end of
the West Bed were =1 m below the surface.

Watermilfoil biomass decreased in both beds be-
tween 1991 and 1992 (Figs. | and 2). The number of
weevils per stem was relatively low in both watermil-
foil beds during 1990 (Figs. 1 and 2). In general. weevil
abundance on watermiifoil increased through early
1992 and then began to decrease.

There was a steady increase in the mean number of
eggs per meristem in the South Bed through August
1991 (Fig. 3). The drop in eggs per meristem in Sep-
tember and October 1991 reflects the fact that adults
were leaving the pond o overwinter. Egg numbers in
the West Bed were fairly constant in 1991. The number
of eggs per meristem rapidly increased in June of 1992
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A. South Bed - 1991
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in both beds and then decreased over the remainder of
the summer.

Experiments

The effect of larval weevil damage on stem fragment

viabilirv.—Weevil damage had a significant effect on

stem and root production by fragments (MANOVA
contrast of controls vs. weevil-damaged treatments. F,
= 233.49. P < 0.000!). Shading had a significant effect
on stem and root production of undamaged. control
stems (MANOVA, F,; = 33.54, P = 0.0007) but not
on stem and root production of weevil-damaged stems
{MANOVA_ F,, = 2.88. P = 0.1383).

All of the undamaged stems produced roots regard-
less of the shade treatment (Fig. 4A). A significantly
higher percentage of the damaged stems in unshaded
aquaria (DU) produced roots compared to stems in the
shaded aquaria (DS). Undamaged stems produced sig-
nificantly more root biomass than the damaged stems
(Fig. 4B). Shading reduced root biomass for only un-
damaged stems. Production of stem tissue was due
largely to apical elongation for undamaged. control
sems (Fig. 4C). Al of the stem production in the dam-
aged stems was due to the production of lateral stems
tFig. 4D). The difference between the undamaged con-
trol stems and the damaged stems was highly signifi-
cant for both measures ot stem production. Shading

appeared to have a positive effect on stem elongation
in the undamaged stems: on average, the shaded control
stems had original stems that were 27 mm longer than
the unshaded ones. However, the shaded control stems
produced less lateral stem tissue. Shading inhibited the
production of lateral stem tissue by damaged stems.
On average, damaged. shaded stems produced 27 mm
less lateral stem tissue than unshaded, damaged stems.
Minimum and maximum water temperatures (mean *
1 sg) were [3.1°C = 1.5° and 29.5°C * 1.27 in the
unshaded treatment. and 13.5° = [.7° and 27.5° = 1.3°
in the shaded treatment during the experiment.
Enclosure experiment.—Weevil herbivory had a sig-
nificant effect on watermilfoil biomass (MANOVA, F,,
= 64.65, P = 0.015). Total watermilfoil biomass was
significantly greater in the controls compared to the
weevil treatment (F,, = 49.86, P = 0.0021) (Fig. 5).
The differences in total biomass were attributable to
significant differences in root (F,, = 276.39. P <
0.0001) and lateral stem (F,; = 56.36, P = 0.0017)
biomass; there was no significant difference (F,; =
0.73. P = (0.4417) in the biomass of the original stems
(Fig. 5). Weevil-damaged stems tended to collapse dur-
ing the experiment (Fig. 6). At the end of the experi-
ment. the mean height of weevil-damaged stems in the
water column was significantly lower (F,, = 16.46. P
= 0.0154) than control stems (Fig. 6). The numbers of
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FiG. 4. The effect of weevil damage on the viability

the mean chang€ ifi-a response variable (=1 SE) for each treatment.
show the results of ANOV A comparisons with orthogonal contrasts.
of the undamaged control fragments (C) v, the damaged fragments (D): the lo

of the unshaded control treatment (CUN vs. the shaded control treatment (CS¥:
) vs. the shaded damaged stem treatment «DS).

comparison of the unshaded dumaged stem treatment (DU

weevil adults and larvae (mean = | SE) recovered from
the weevil enclosures were 2.7 = 0.33 adults and 5.7
+ 1.2 larvae. For the six stems (originais plus laterals)
in the weevil enclosures. there were 1.4 = 0.2 weevils
per stem. Lateral stems were combined with the orig-
inal stems in the calculation of weevil abundance as
most (88%) lateral stems were short (<30 cm) and
arose from the original stem above the sediment sur-
face. which makes thess calculations consistent with
those in the weevil surveys.

DISCUSSION

Eurasian watermiltoil populations often decline after
dominating the littoral zone of lakes that have been

Treatment

of watermilfoil stem fragments. The hars in the histogram represent

The lines with significance values above the histograms
In each figure. the upper line represents theé comparison
wer line on the left represents the comparison—
the lower line on the right represents the

invaded (Carpenter 1980. Smith and Barko 19903. Our
results suggest that weevil herbivory is one factor that
may contribute to watermilfoil declines. We have dem-
onstrated experimentally that weevils can suppress the
production of new watermilfoil biomass. Weevils can
suppress the production of new stems by damaging
lateral shoot meristems. Weevil feeding can also sup-
press root production. Weevil feeding may influence
root production as the destruction of lacunae and stem
vascular tissue by weevil larvae may interrupt the
movement of gases and photosynthate to the root sys-
tem. While weevils do not appear to consume signif-
icant amounts of existing stem lissue. they can affect
the buoyancy of these stems causing them to settle out
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F1G. 5. The effect of weevils on watermilfoil biomass in
the enclosure experiment. The data shown include the total
watermilfoil biomass per treatment (dark gray bars) plus the
distribution of that biomass by its components (i.e.. original
stem biomass. lateral stem biomass. uand root biomass). The
bars fepresent mean biomass ¢ =1 Sg). See Resules section for
the statistical analyses.

of the water column. This effect was probably under-
estimated in the enclosure experiment as weevil-dam-
aged stems were often supported by the enclosures. As
most watermilfoil shoot biomass is typically near the

surface (Titus and Adams 1979a). the rate of photo-

synthesis could be reduced it the canopy settles into
deeper water where light intensities are lower. The de-
struction of lacunae and vascular tissue by weevils
could also reduce stem growth. The lacunal system in
witermilfoil functions as a reservoir for respired CO,
(Nichols and Skaw 1986) and the loss of the accu-
mulated CO. could slow the rate of photosynthesis.
Loss of vascular tissue could halt the translocation of
nutrients from the roots to the growing portions of the
stems. Weevil damage can also have a negative impact
on the viability of stem fragments. The reduced via-
bility of stem fragments suggests that the spread of
wiatermiltoil beds by fragmentation may be impeded
during periods of intense weevil herbivory. Our ex-
perimental results suggest that weevil feeding could
promote watermilfoil declines by disrupting the phys-
iology of existing plants and suppressing the produc-
tion of new biomass. Spread of watermilfoil by trag-
mentation might also be reduced due to the reduced
viability of stem fragments damaged by weevils.

The watermilfoil and weevil survey resuits are con-

sistent with the hypothesis that weevils were involved

in the observed watermilfoil declines. The increase in
“eevil abundance appeared to lag behind the increase
m waternuitoit biomass following 1989, These tem-
porai patterns of weevil and watermilfoil abundance
are similar (o those displayed by simple predator-prey
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FiG. 6. The effect of weevils on original stem height in
the control and weevil treatments in the enclosure experiment.
The points represent mean stem height (=1 sg). Weevils were
added to enclosures between 6 and 13 July.

or host—parasitoid models (e.g.. Begon and Mortimer
1981. Kuno 1987). When these patterns of abundance
are considered in conjunction with the results of the
enclosure experiment, they suggest that a similar in-
teraction is occurring between watermilfoil and E. le-
contei. In addition. the density of weevils on water-
milfoil in the enclosures was comparable to weevil den-
sities on watermilfoil in the pond in 1991 and 1992,
which suggests that the weevil densities observed in
the pond were sufficient to suppress watermilfoil
growth. )

Weevil densities appear to have begun to decline by
August of 1992, Weevil numbers remained low (<0.30/
stem) in. 1993 (R. P. Creed and S. P. Sheldon, unpub-
lished data). One possible mechanism that could pro-
duce such a decline in weevil abundance is a lack of
adequate pupation sites. In 1992, many of the surviving
plants in the pond were relatively short (<50 cm high).
E. lecontei constructs a puparium entirely inside the
stem and the stem diameter of these short plants may
not have been large enough for puparia. This hypoth-
esis is supported by the fact that while E. lecontei eggs
and larvae were common in 1992, especially early in
the summer. no pupae were collected in any samples
in 1992: pupae were collected in 1990 and 1991. The
decline in the number of eggs per meristem during 1992
also suggests that the population of adults had de-
creased in the pond despite the increase in watermilfoil
biomass and cover in some parts of the pond, partic-
ularly the south end of the West Bed. Such a reduction
in pupition sites could be important in generating the
temporal patterns ot watermiltoil and weevil abun-
dunce described above.

The second decling in watermiltoil biomass occurred



