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INTRODUCTION

Eurasian watermilfoil (Myriophyllum spicatum L.) was accidentally introduced into
North America sometime between the late [800's and the 1940)'s (Bayley et al. 1968,
Reed 1977, Aiken et al. 1979, Couch and Nelson 1986). Since its introduction it has
spread over much of North America (Aiken et al. 1979, Couch and Nelson 1986, Nichols
and Shaw 1986, Painter and McCabe 1988). It was first reported in Vermont in 1962 in
Lake Champlam (Holly Crosson, Vermont Agency of Natural Resources (VtANR), pers.
comm.). A number of mcthods. many of them quite costly (Anonymous 1990), have
been employed to contiol watermilfoil in Vermont and elsewhere, including use of
drawdowns, herbicides, bottom barriers, and mechanical harvesting. In general, while
these control methods may result in short-term reductions in watermulifoil abundance
(Bayley et al. 1968, Nichols and Cottam 1972, Aiken et al. 1979) they do not appear to
have proven satisfactory for long-term control of this introduced. aquatic weed (Bayley
ct al. 1968, Spencer and Lekic 1974, Aiken et al. 1979).

Recently. attention has focused on the potential for biological control of
Myriophyllum spicatum Aquatic herbivores such as the caterpillar Acentria nivea

(=Acentropus niveus)(Lepidoptera; Pyralidue) and the weevil Euhrychiopsis lecontei

(Coleoptera; Curculionidue), have been found associated with declining populations of
watetmilfoil in noithcastern North Americu (Painter and McCabe 1988, Sheldon and
Creed. pers. obs.), including Brownington Pond, Vermont. However, the exuct role
played by these herbivores in bringing about these declines remains undeternuned.
We are currently evaluating the potential for insect herbivores to act as biological
control agents for Eurasian watenmilfoil. There are six main objectives to this research:
1) Determine the probable cause(s) of the Eurasian watermilfoil decline in

Brownmington Pond (see Figures 1-3, Creed and Sheldon 1991a).



2) Examune the grazing/boring effects of all major herbivores on Eurasian watermilfoil
and native aquatic plant species.

3) Determine the feasibility of herbivore introductions into other milfoil-infested lakes
in Vermont.

4) Determine if Luke Bomoseen is a suitable site for herbivore introductions/collect
pie-introduction baseline data.

5) If determined to be feasible and appropriate based on previous research (a high-
Likelihood of success and relatively free from causing negative impacts 1o non-target
species), use herbivorous insects to control Eurasian watermilfoil in Luke Bomoseen.

6) Develop a public education program to keep Vermont's citizens abreast of the
results of the research.

The research described in this document is from the 1992 field season. This 1s the

thitd progress report from this five year study.



RESEARCH AT BROWNINGTON POND

Introduction

Onc of the few declines in a watermulfoil population in North America occurred at
Brownington Pond in noitheastern Vermont. While the cause of this decline has yet to
be determined. initial samples of the watermilfoil found three insect herbivores
associated with this pest macrophyte. The goal of the Brownington Pond research is to
determinc the cause of the watermilfoil decline and ascertain the role the insect
heibivores may have played in the decline. In 1990, we initiated 1esearch at
Browmngton Pond. We monitored the abundance of watermiifoil and its associated
invertcbrates. We also conducted field and laboratory experiments. In 1991, we
continued to monitor the watcrmilfoil population and the abundances of the associated
herbivores. We also conducted additional experiments which evaluated the effects of
various herbivores on watermilfoil in both lab and field settings. In 1992, we continued
to monitor the watermilfoil and herbivore populations in the pond and conducted

additional lab and pond experiments.

Study Site

Brownington Pond is a small, mesotrophic luke in northcastern Vermont (Brownington
and Deiby Townshipa. 44953'N, 72009'W). Total surface area of the pond is 64
hectares, maximum depth is 10.7 m with an average depth of 5.5 m (Figure 1). There are
two inlets. one on the north shore and one on the east side, and a single outlet, Day
Brook. Less than one quarter of the shoreline has been developed with summer camps,
most of which arc located along the northeastern shore. There is a public boating access

on the west side of the pond.



Materials and Methods

Surveys

Pond Survey

Since the first summer of this project we have been qualitatively mapping the positions
of any watermilfoil beds in Brownington Pond (Creed and Sheldon 1991a&b, 1992).
The information for these maps has been gathered by snorkeling and boat surveys (Creed
and Sheldon 1991a&b). We surveyed the pond in a similar fashion in the summer of

1992.

Water Temperatuie

Two stations, located in the South and West watermilfoil beds, were established in the
pond at which weekly measurements of temperature were made. Temperature was read
from pairs of maximum/minimum thermometers suspended from buoys. One
thermometer was (0.5 m below the surface and the second was (0.5 m above the bottom.

Thermomcters were reset after each weekly reading.

Water Chemistry

Two surveys of nutrients (nitrate, mtrite and orthophosphate) in the water column

were made on 30 June and 27 August. Samples were collected from the east side of the

pond (an arca wheie Potamogeton amplifolius and Heteranthera dubia are the common

macrophytes) and from inside the two watermilfoil beds (in the case of the South bed. in

the area where the bed uscd to be). Instead of sampling a fixed point, three or more



locations were chosen to sample a broader array of potential microhabitats within a site.
Water samples were collected using a Kemmerer sampler. Pairs of samplcs, one shallow
and one decp were taken at each point. Five pairs of samples were taken at each site in
June; three pairs were taken at each site in August. Upon finishing a collection, sumples
were placed on ice and transported to the lab of the Vermont Departinent of

Environmental Conservation for analysis.

Sediment Chemistry

Sediment samples were taken in Brownington Pond on 11 August 1992. Samples
were taken in: 1) the West Bed. 2) a watermlfoil-free atea adjacent to the West Bed
(West Shallow), 3) in the South Bed, 4) in a watermilfoil-free area adjacent to the South
Bed (South Shallow) and 5) on the east side of the pond in an area dominated by H.
dubia and P. amplifolius. Pond sediment was collected by a SCUBA diver. A 3.81
sealuble plastic bag was filled with sediment below the water-sediment interface. The
bag was sealed and then returned to the surface. All samples were kept cool and sent to
the Aimy Corp of Engineers' Waterways Experiment Station (Vicksburg, Mississipp) for

analysis. Samples were sent to Mississippi within 48 hrs of collection.

Plant Transects

In 1990 watermilfoil appeared to be restricted to water between 2.0 - 3.5 m deep
(Creed and Sheldon 1991a&b). To see if this distribution pattern persisted in 1991 we
established thiee permanent transects through both of the muin beds. An attempt was
made to spacc the transects across the beds. Along cach transect, locations were selccted
at half mcter depth intervals ranging from (0.5 m - 3.5 m deep, for a total of twenty one

sample points for each bed. At euach sample point two PVC pipe T's were pushed into the



sediment at right angles to one another to form a cross. The four ends of the T's were
numbered fiom one to four.

The permancent transects established in 1991 were sampled again on three dates during
the 1992 growing scason. To ensure that the areas sumpled in 1992 were not affected by
the 1991 sampling. each transect was shifted 4.5 m: the direction that the transect was
shifted was randomly determined. Sumples were collccted on three pairs of dates in
1992 (West Bed samples taken on the first date of each pair): 10 & 11 June, 8 & 9 July
and 12 & 13 August. For each point to be sampled, one of the four numbers from the T's
was selected at random from the remaining possible numbers prior to sampling. The
samples were collected by SCUBA divers. The divers inserted a 2 m long piece of PVC
pipe into the appropriate numbered opening (sampling a quadrat 2 m from the T's
mininuzed the disturbance of the area to be sumpled by the diver when reading the
numbers on the PVC T's). A (.25 x ().25 m quadrat was then placed on the bottom at the
end of the pipe und the sample taken. All above sediment plant biomass was clipped and
placed into a numbeied, plastic bag. Upon returning to the lab. plants from each sample
weic soited Lo species and diied in a drying oven at 800 C. Plants were weighed after
drying to a constant weight. For clarity of data presentation, diy weights for native

specics were lumped together in the category "Other.”

Peimuanent Grids

In addition to determining the location of watermilfoil beds in the littoral zone, we
initiated a program to record finer scale expunsions and contractions of M. spicatum beds
using permancnt grids. Four gnds were established in the pond i 1990, two in each bed.
The grids cover an area of 8 x 6 m with buoys placed every 2m in a 4 x 5 array. Percent
cover of watermilfoil was determined by a diver using a (0.5 x 0.5 m quadrat subdivided

into 25 subunits. Placement of the quadrat across the bed was determined using a

)



transect "line” made of PVC pipe with openings placed every 0.5 m into which the
quadiat was inserted. Percent cover was evaluated along four transects for each grid.
The position of the transects corresponds to the four lines of buoys that run along the
longer dimension of each grid, i.e. A - E. The number of quadrat subunits lying over
waterimilfoil plants was then recorded. This technique generates percent cover values
rangmg from 0-100%. For clarity of data presentation, we grouped the percent cover
vilues into five categories - 1) 0% 2) 1-25%, 3) 25-50%, 4) 50-75% and 5) greater than
75% (note: m 1990 and 1991, we grouped the percent cover values into four categories -
1) less than 25%. 2) 25-50%. 3) 50-75% and 4) greater thun 75%). The grids set out in
1990 were placed on the ends and necarshore edges of the beds as watermilfoil will be
more likely to spread laterally and into shallow water. The grids did not extend into deep
water as walermilfoil abundance is probably limited on the deep edge of beds by light
availability. The grnids were swum on 15 June, 13 July and 24 August duiing the 1992
£row ing season.

In 1991, new gid was established in Lake Memphicmagog (Newport, Vt) in a bed of
watermilfoil just noith of the Whipple Bay boat access. Lake Memphremagog is
approximately 3 miles northeast of Brownington Pond uand is in the same watershed. We

quahtatively sampled this grid twice in 1992.

Invertebrate Sumples

Super Samples and Minisamples. To descnibe the waternulfoil invertebrate
assemblage quantitative samples of watermilfoil and the associated invertebrates were
taken in the South and West Beds. In addition, samples of two abundant native
mactophytes (Potamogeton amplifolius and Heteranthera duba) were taken to compare
therr mmvertebrate assemblages with those of watermilfoil. Samples were collected using

two sizes of the Mobile Invertebrate Sampler (MIS) developed by Smith and Sheldon
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(unpublished manuscript). The larger sampler (the Super Sampler), used for both
watcrmilforl and the two native macrophytes, samples an area of 0.18 m2: the smaller
version (the Minisampler) was designed for sampling a single stem of watermilfoil. Both
samplers were employed by a SCUBA diver. An area or a plant to be sampled was
chosen haphazardly. The sampler tube was then slid over the plant(s) as the diver
descended. Plants weie cut near the sediment surface, the opening of the sumpler was
then covered with a SXO0) um mesh sieve and then the sample was returned to the suiface.
All sumples were placed in scalable, plastic bags. Super sumples were preserved in 70%
ETOH: minisamples were picked soon after sampling while the animals were still alive.
Invertebrates were identified to the lowest taxonomic level. Dry weights were recorded
for the plants after the invertebrates were removed. Super sumples were taken on 8 June,
on 29 Junc, on 20 July and on 10 August. Mini-samples were taken weekly from Y June
to 25 August for a total of 12 sample dates. In 1992, due to there being many small
plants, we sampled long (>50 ¢m, n=3) and short (n=3) plants each date with the
munsampler.

Stem Transects. In 1990 we discovered that weevils lay their eggs on the apical
meristems of watcimilfoil and that the early instar larvae burrow into the meiistem upon
hatching (Creed and Sheldon 1991a). We imitiated "meristem transccts” across both
watermulfoil beds in 1990 to determine the density of eggs and early instar larvae in the
beds. In 1991 we continued taking these stem transects but we sampled larger pieces of
stem (approximatley 50 ¢ long) in order to collect late instar weevil lurvae and pupae.
In 1992, 16 stems (on average), § stems with intact apical meristems and & stems without
apical meristems, were collected per transect. While it is possible to find all life stages
on both stem types (especially as weevils also lay their eggs on lateral meristems), we
believed that stems with intact meristems had a greater probability of containing eggs and
first instar larvae. We believed that stems without apical meristems were more likely to

contuin late instar larvae and pupae. These two stem types were collected in pairs
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haphazardly by snorkelers swimming across the bed. Three such transects were sampled
for cuch bed on cach sample date. Samples were collected weekly for a total of 12
sample dates plus one collection in September. Stems were examined under dissecting

microscopes and all lifestages of weevils were recorded for each stem.

Fish Samples

Only five species of fish have been collected from Brownington Pond (Unpubl. State

Fisheries Survey 1980). These include yellow perch (Perca flavescens), smallimouth bass

(Micropterus dolomieui), chain pickerel (Esox niger), white sucker (Catostomus

commersonii) and brown bullhead (Ictalurus nebulosus). The state survey data indicated
that the yellow petch is by far the most abundant species numetically in this pond.
Because of the ubundance of yellow perch and the fact that it is the species most likely to
consume macrophyte associated invertebrates, our fish survey focuses on this species.
Gill nets for large perch (>15() mm) were deployed in Brownington Pond on three
dates in 1992: 25 June, 2 July and 10 July. These samples weie tuken concurrently with
the fish exclusion experiment (see below) which was located in an area with scattered
clumps of watermilfoil 20 m west of the area which had previously supported the south
watetmilfoil bed. A single net was deployed, perpendicular to shore, approximately 15
m to the west of the western most row of cages in the fish exclusion experiment for all
surveys. A net with a 6.4 cm (2.5") stretch mesh was used. The net was deployed for
approximately one hour at dawn on all three dates. Captured fish were measured (total
length) and weighed. The stomachs were then removed and preserved in 70% ETOH.
Stomach contents were cxamined under a dissecting microscope and identificd to the

lowest possible wxononue level.
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Experiments

The Effect of Acentria and Euhrychiopsis larvae on Watermilfoil Growth

This experiment was designed to determine the combined effect of these two
herbivorous msect larvae on watermilfoil. Several small watermlfoil plants were
collected fiom Brownington Pond. Plants were first checked for herbivore damage.
Damaged plants (e.g., with nussing meristems, meristem damage, or significant stem
damage) were 1ejected. We selected twenty four of the intact plants which were the most
similar in size. All obvious invertebrates and weevil eggs were removed from these
plants. These twenty four plants were then weighed (blotted wet weight). We tied a
marker around the stem at the base of the plunt and the length of the stem from the
market 1o the tip of the apical meristem was determined. We also counted the number of
whorls on euch stem above the marker. The initial lengths of the watermulfoil plants
runged from 206-230 mm; initial weights ranged from (.23-0.88 g. Much of the
variation m weight was attributable to differences n root biomass and not above ground
biomass (Ciced, pers. obs.)

After processing. cach watermilfoil plant was planted in a numbered chumber. The
chambers consisted of clear plastic tubes (42 mm inside diameter) set in a PVC pipe
basc. We first placed aquarium gravel in the bases to weight them down. We then filled
the remainder of cach basc with stramed pond sediments taken from one of the
watermilfoil beds in Brownington Pond. A tight-fitting cap covered with 500 micron,
Nitcx mesh was then placed on the top of the tubc. These ure the same type of chambers
described 1 Creed und Sheldon (1991a&b). Plants were planted in the sediment up to
the tag on the stem. The chambers were then placed in a large wading pool set out of

doors in an unshaded area. The chambers were aerated with a slow trickle of air bubbles



to pievent stagnation. Plants were allowed to acclimate to the chambers for one ddy
before the Acentria and Euhrychiopsis larvae were added.

The experimental design was a randomized complete block design with four
treatments per row and six replicates per treatment. The plants were randomly assigned
to rows in the wading pool. The determination of treatment within rows was also
detcrmined using a random number table. The treatments were as follows: control (no

larvae), weevil (1 Euhrychiopsis laiva per tube), Acentria (1 Acentria larva per tube) and

the combinmavion tieatment (1 larva of each species in a tube). Larvae for both species
were collected from the west bed and were paired by size for each row. Water
temperature in the pool was monmitored using a max/min thermometer during the
experiment. Water temperatures ranged fiom 12.8-26.10 C during the experiment (mean
minimum temperature was 16.6° C; mean maximum temperature was 22.79 C).

The experiment lasted for 12 days. Plants and larvae were then removed from each
chamber. After removing the larvae, the watermilfoil plants were measurcd (length from
tayg to tip of rooted stem) and weighed (blotted wet weight). Any plant material not
attached to the rooted stem was not included in the final plant weight. We also counted
the number of whorls of leaves remaining on each stem. Treatment effects were
compared using an ANOVA with planned, orthogonal contrasts (Sokal and Rolhf 1981).

The recovered larvae were preserved in 70% ETOH.
The Effect of Larval Weevil Damage on Stem Fragment Viability

Wcevil herbivory, particularly larval burrowing, weakens the waternulfoil stem. This
can result in stem fragmentation. The production of fragments by other watermilfoil
contiol methods has been a concern as fragmentation can promote the spread of
watctmulfoil. The following experiments were designed to detcrmine if the viability of

stem fragments damaged by weevils was reduced compared to undamaged fragments.
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Undamaged fragments are similar to those produced by mechanical control methods
(€.g.. mechanical harvesting).

Experument 1. In this experiment, damaged and undamaged stem fragments were
collected from the pond on 15 July 1992. Undumaged fragments were checked for
weevil eggs: eggs were removed if discovered. Weevil lurvae and all other invertebrates
were removed as well. The fragments were then cut to a standardized length of four cm.
The amount of larval weevil burrowing was not standardized for the damaged fragments
but all fragments displayed some degree of larval damage. The two types of stem
fragments werc then assigned to four groups each containing five fragments. The

fragments were then planted in eight 38 | aquana, four aguaria per treatment. Each
Tro-dany v =

4 - o Ce {“75\
NS
' -
e CLw\o\f‘\or\ .

aquarium contained well water and strained pond sediment taken from the west
watermilfoil bed. The assignment of stems to aquaria and aquaria to treatments was
ranclomized. All aquaria were covered with a tight-fitting translucent lid to prevent
herbivore colonization. The lids contained a panel of 500 micron mesh to allow for air
exchange and also aid in temperature regulation of the water. All aquaria were aerated.
Temperaturcs were recorded in four of the aquaria twice a day (9:00 am and 6:00 pm).
Temperatures during the experiment ranged from 149 to 300 C in the control treatment
(mean (+ | S.E.) morning temperature 17.9° (+ 0.32), mean evening temperature 24.290
(+0.51)) and from 1309 to 309 in the dumaged stem treatment (mean morning
temperature 17.59 (+ (.33), meun evening temperature 24.30 (+ 0.47)).

The expeniment was terminated 28 days later (12 August). The stems were gently
rcmoved from the sediment. Herbivore damage was seen on stems in three of the four
control aquana. These damaged control stems were removed from the analysis; thus n=5
for one control aquarium, n=4 for two of the control ayuaria and n=2 for the remaining
aquanum. The peicentage of stems with roots was determined for each aquarium. Then
the roots were removed, blotted dry and weighed. The production of stem tissue was

also determined. As stem tissue could be produced either by elongation of the original
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stem or by the production of lateral stems final length of both original and lateral stems
was determined. Treatment effects were examined using un ANOVA. Due to the
varying number of stems in the controls the ANOVA was performed on the means for
each variable from each replicate. Root weight data, and original and lateral stem length
data were log fransformed due to substantial differences between the two treatments for
these vanables.

Cxpcriment 2. In the previous experiment, the growth of stems was evaluated in small
aquarna contaiming clear water. These stems were subjected to light conditions typical of
very shallow water. Watermilfoil 1s most abundant in water 2.0-3.0 m deep in
Brownington Pond and many stem fragments may settle in water with reduced light
intensities  This is particularly true of weevil-damaged fragments which have reduced
buoyancy (Creed et al. 1992) and probably settle close to the source plants. To sce if
teduced light intensities had an impact on growth of stem fragments we conducted a
second experiment where light intensity was manipulated. Using a portable light meter
(Lutron LX-101 Lux meter) we had determincd that the light intensity at 2.0 m (at noon
on an overcast day) was approximatcly half that at the surface. To simulate these light
levels we made shrouds of window screen for half of the aquaria that reduced the
incoming light by half.

The collection and processing of stem fragments and the set up of aquaria in this
expcetiment was similar to the first experiment. There were four treatments:
Dundamaged stems (control), normal light; 2) undamaged stems (control), shaded: 3)
weevil-damaged stems, normal light; and 4) weevil-damaged stems, shaded. Euch
treatiment had thiee replicates. There weie five stem fragments per aquarium.
Temperatures weie recorded using max/min thermometers suspended n four of the
aquaniua (two shaded and two unshaded) which were read once a week. Temperatures
during the cxperiment ranged from 10.39 to 33.10 C in the unshaded treatment; mean (+

1 S.E.) max temperature 29.5° (+ 1.29), mean min temperature 13.08° (+ 1.59).
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Temperatures ranged from 11.19 to 31.10 C in the shaded treatment; mean (+ 1 S.E.)
max temperature 27.59 (+ 1.39), mean min temperature 13.5¢ (+ 1.79).

The experiment was started on 19 August and terminated on 17 September. Stem
fragments were processed in the same fashion as in the previous experiment. One control
stem in a shaded aquarium was damaged so n=4 for that replicate: otherwise n=5 for all
other replicates. The data were analyzed using an ANOVA with orthogonal contrasts.
The first contrast compared the control stems with the damaged stems. The second two
contrasts compared the effect of shading on the control stems and the damaged stems.
The ANOVA was performed on the means for each variable from euch replicate. Root

weights were log trunsformed.

Fish Exclusion Experiment
" Predation by inscctivorous fishes may influence either the establishment of a
watcermilfoil herbivore population in a luke or their distribution and abundance in the
system. The cffect of fish may be through direct predation. Alternatively, fish may
indirectly nfluence the distribution and abundance of herbivores through their influence
on herbivore predators and/or competitors.

In a previous fish exclusion experiment conducted in the summer of 1991, we found

no effect of fish on the abundunce of E. lecontei or A. nivea. The treatiments for this

cxpeniment were in place for about two months (mid-June to mid-August). At the ume
the cxperiment was sampled, many yellow perch were feeding primarily on open water
Cladocera und to a lesser extent on littoral invertebrates. Since yellow perch feed
primarily on hittoral invertebiates i the early part of the summer we believed that a
strong effect of fish on watctmilfoil herbivores might be observed at this time. Thus we

repeated the fish exclusion experiment, changing only the duration of the study.



The experimental design for this version of the experiment was the same as the
previous study and included three treatments; a complete exclusion cage, a cage control
and an uncaged control. Complete cages and cage controls were constructed by making
cylinders of 0.6 cm mesh that were open on one end. Cylinder ends were held open by
wire 1ings. Four cork floats were attuched to the top of each cage to suspend them in the
water. Cage controls differed from cages only in that large slits were cut in the sides of
the mesh cylinder to permit access to fish. Open controls were simply areas of the
watermilfoil bed demuicated by a single buoy. Placement of cages and cage controls
involved sliding the cylinder over the watermilfoil. Cages were held in place by both
pinning the lower ring into the sediment and placing bricks on top of the ring (four pins
and bricks per cage). The position of trcutments within a row was randomized.

Six rows containing each of the three treatments were set out on 24 June 1992 in an
area with scattered clumps of watermilfoil 20 m west of the area which had previously
supported the south watermilfoil bed. The cages were sampled on 6 July. All three
trcatments were sampled using the large MIS sampler. For cages and cage controls this
entailed skin divers removing the top of the cage. Immediately upon 1emoval of the cage
top a SCUBA diver descended to the bottom pulling the MIS sampler through the cage.
Upon reachig the bottom all plants were clipped at the sediment surface, the sieve was
placed over the bottom of the sampler and the sampler was returned to the surface.
Sumples were removed from the sampler and placed into labeled. sealable plastic bags.
Samples were placed in a sieve stack (3 sieves with 8 mm, 2 mm and 0.425 mm openings
for the top, middle and bottom sieves, respectively) and sprayed with a jet of water to
sepurate the invertcbrates from the lurger plant pieces. Euch sample fraction was
preserved in 70¢% ETOH. Invertebiates were separated from macrophytes in the
laboratory and identified to the lowest feasible taxonomic level. The macrophytes were
then dried and weighed. Invertebrate abundance was standardized by watermilfoil

biomass for statistical analysis. The data were analyzed using an ANOVA with planned,
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orthogonal contrasts which compared 1) the full cage to the cage control and no cage to
determine a fish effect and 2) the cage control and no cage treatiments to determine if

there was a cage effect.
Heibivore Enclosure Experiment

The enclosures used in this experiment were three meter tall plexiglass tubes (20 ¢m
0.D.) which were composed of two parts. The bottom section (1 m tall) was driven into
the sediment. The upper portion of the chamber (2 m tall) was then bolted to the bottom
section. Along the sides of the upper portion were four pairs of ports covered with 202
um Nitex mesh which allowed for water exchange between the enclosures and the water
column. A lid also covered with 202 um Nitex mesh was bolted on the top of each tube.
There was a centimeter scale on the outside of the upper portion of each tube.

The bottom sections of ten enclosures were placed in the pond on the nearshore side
of the South Bc.d by a SCUBA diver on 17 June 1992. Due to the depth of the water, the
tops of the enclosure bases were not flush with the sediment surface. Extra sediment
which was free of other plants was added to each base. The sediment came from the
middic of the South Bed. We collected a number of small (approximately 40 ¢cm long
shoots) watermilfoil plants from the West Bed on 17 June. The plants were cleaned of
obvious macroinvertebrates and any weevil eggs. The plants were then sorted into 13
groups of six und werghed (blotted wet weight) in order to standardize imtial biomass.
Ten of the groups of plants were 1andomly assigned to the enclosures; the remaining 3
groups were dried at 800 C for an intial estimate of dry weight. Six plants per enclosure
is equivalent to 181 plum.\/mz. This value is well within the range of densities
detenmined by surveys of watermilfoil in the two beds during 1990 (Creed and Sheldon
1991a). The initial mean wet weight (+ | S.E.) of plants placed in the tubes was 5.61 +

0.16 g

19



On 1§ June the plants were planted in the tube bottoms by a SCUBA diver. Plants
were gently pushed down into the sediments until the roots were buried. The upper
portion of the tube was then bolted to the bottom. The lids were then bolted onto each
cnclosure top. Four days (22 June) after the plants had been placed into the enclosures
the maximum height of each plant in each tube was recorded by a SCUBA diver. The
height of the plants was measured weekly until the end of the experiment.

The original plan had been to allow the watermilfoil plants inside the enclosures to
grow for three wecks before adding the adult weevils. However, duting the first three
weeks of the experiment larval weevil dumage was observed on a single stem in four of
the enclosures. These four enclosures were designated as the weevil treatment. As the
plants had been randomly assigned to tubes we assumed that the distribution of this
treatment across cnclosures was also random. On 9 July we added four adult weevils (2
males and 2 females) to these four enclosures. Another three enclosures had been
contamminated by single Acentria larvae (Lepidoptera, Pyralidae) so we added an
additional, Acentria control treatment. These larvae appear to have entered the
enclosures after the watermilfoil had been planted. We assumed that contamination of
the thice enclosures by Acentria were also random events. The remaining three
enclosutes were considered uncontaminated controls. At the time the adult weevils were
added, the larval weevils and Acentria had not had a significant effect on mean plant
height in these enclosures when they were compared with the uncontaminated controls.
During the experiment the enclosures were periodically cleaned of external periphyton.

The enclosures were sampled on 20 August. First, the upper portion of the enclosure
was temoved from the base. The plants were then chpped at sediment level. The shoots
cither floated or were gently pushed into the upper portion of the enclosure which was
then scaled with a screen-covered bottom. The upper portion of the enclosure was then
returned to u boat. The tube was lifted out of the water and all of the plant material was

collected on the bottom screen. The plants were removed from the tubes and placed in
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sealable plastic bags. The roots were gently removed from the sediments, gently shaken
to clcan off any adhering sediment and then bagged. In the laboratory, shoots were
separated into the six original stems (i.¢.. the plant tissue produced prior to the adult
weevil mtraduction) and the newer lateral stems. Roots were cleaned of any organic
debris. Shoots and roots were dried to a constant weight at 800 C. Weevil lurvae were
not found in onc of the weevil enclosures so this enclosure was not included in the
analysis. Thus, N=3 for all trcatments. Treatment effects were analyzed using an
ANOVA and lrcuuncnl. means were compared using Tukey's HSD test (Sokal and Rohlf
1981).

Results
Surveys
" Pond Survey

The watermilfoil population in the pond declined substantially over the winter of
1991-1992 (Figure |A&B). InJune of 1992 there were no areas of the pond where dense
waltcrmilforl beds reached the surface. The decline was most dramatic i the South Bed:
the bottom of the pond 1n the area which once supported the South Bed was devoid of
any waternulforl growth. Scattered plants were present in the West Bed. Some of these
were tatler shoots (aproximately 1.5m high) which were probably survivors from the
previous scason: most were shorter shoots (<0.5 m) that uppcared to have just begun to
grow. By the end of the summer. four areas of moderately dense watermulfoil growth
were present (Figure 1B). These included the southern poition of the West Bed and threc
scattcred. small patches located along the southern shore of the pond. Watcrmilfoil only

approached the surfuce in the West Bed; the tops of these plants were still almost a meter
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below the surface. Only scattered, small plants were present in the vicinity of the former

South Bed by the ¢nd of the summer.

Wauter Temperature

Swiface and bottom temperatures remained fairly constunt for most of the summer
(Figwe 2). Mean maximum suiface temperature from late June through mid-September
was approximatcly 230 C; mean minimum surface temperature ranged from 170 to 190

C. Bottom temperatures were fairly similar.

Water Chemistry

Concentrations of orthophosphate, nitrite and nitrate varied little in 1992.
Concentration of orthophosphate rately deviated from (0.002 mg/l: concentrations of
nitritc and mitrate were always (.01 mg/l. These values were similar to those obtained in

the 1991 water chenmustry samples (Creed and Sheldon 1992).

Scdiment Chemistry

Ammonium was the only sediment nutrient which varied significantly among sites
(Table 1) Intersutial wuter ammonium concentrations were significantly lower in the
South Bed than those for sediments from the native plant sediments or the West Bed
scdiments. Exchangable ammonium in the South Bed sediments was significantly lower

than only thc West Bed sediments.



Plant Transccts

Watermilfoil biomass was low on both transects in mid-June (Figures 3 & 4). There
was a shght increase in watermilfoil biomass in the West Bed over the course of the
summer (Figure 3 A-C). i.e., some rccovery of the bed occurred. There was little change
in watermilfoil bromass in the South Bed (Figure 4 A-C). These data, combined with the
permanent grid data (sec below) and snorkeling observations demonstrate that the South
Bed did not recover immedhately from the decline.

Comparing the plant transect data for the last clate for cach of the three field seasons
tHustrates the 1991-1992 decline (Figures 5&6). There was a 4-6 fold reduction in
watcrmlfoil biomass in the center of the West Bed between 1991 and 1992 (Figure 5).
There was a 15-30 fold reduction in watermilfoil biomass in the center of the South Bed

between 1991 and 1992 (Figure 6).

Permanent Grids

The percent cover of watermilfoil on all four grids was very low on 15 June
supporting the evidence from the plant transects that a decline had occurred (Frgures 7-
10). Large sections of all four grids had no watermulfoil present at all (1.e., () percent
cover). Only two small sections of the South Gnid (West Bed) and one on the West Grid
(South Bed) had peicent cover readings greater than 25%. There was little change in
percent cover readings by nud-July for three of the four grids. Only the South Grid
(West Bed) showed a substantial increase in watermilfoil cover. By late August there
still was little change in watermilfoil cover except on the South Grid (West Bed).

When the last reading of the gnids for each of the three field seasons are compared the
cxtent of the 1991-1992 decline is more apparent (Figures 11&12). The four grids

displayed varying degrees of watermilfoil cover at the end of 1991: heavy watermilfoil



cover (>50%) on the grids runged from 4% (North Grid, West Bed) to almost 100% of
the cover on the East Grid, South Bed. At the end of 1992, three of the four grids had
caver values that rarely exceeded 25% (a few small patches of cover >25% were present
on the West Grid of the South Bed). In the case of two grids (the east grid on the South
Bed and the north grid on the West Bed), anywhere from one half to three quarters of the
gnid area had 0% watermilfoil cover. The decline was most striking on the east grid of
the South Bed (Figure 12). This grid had had essentially 100% watermilfoil cover over
the entite grid at the end of 1991. Little watermilfoil cover was present on this grid in
1992. Only the south gid fiom the West Bed had substantial watermilfoil cover by the
end of the summer of 1992: approximately 30% of the watermilfoil cover on this grid
exceeded 50%.

Percent watermilfoil cover on the Memphremagoyg grid did not exceed 20%. Most of
the quadrants in this grid had 0% cover at the end of the summer. One clump of
watcimilfoil was present in the southwest corner of the grid (near marker E4) and this
accounted for the 20% cover 1cading in this quadrant. While percent cover was not
determined for this grid in 1991, the grid had been placed in a sparse watermilfoil bed
(i.e.. there was watermilfoil in every quadrant of the grid). Thus there appeurs to have

been a decline in watermilfoil abundance at this site.

Invertcbrate Samples

Super Samples. Tubles 2 und 3 list the dominant taxa in the super samples. The

mote abundant taxa include the amphipod Hyallela, Hydracaina (water mites),

Chuonomidae (midges). the mayfly Caenis (eurly in the season) and the snails Amnicola
and Physa. These were also the dominant taxa in 1990 and 1991. Most taxa had similar

abundances in both the South and West Beds. Chironomidae, Caenis, and Ceruclea

(cuddisfly) were sigmficantly more abundant in the South Bed. Oligochaets, Leptocercus
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(caddisfly). Planaridae and Physa were significantly more abundant in the West Bed.

Significant changes n abundance over the summer were observed in some taxa. Caenis

and Enallugma (damselfly) declined in abundance in both beds; Amnicola and Physa
increased mn both beds. Taxa which increased in abundance in only one bed were the
Oligochaets and Oxycthira (SB) and Hyallela (WB): taxa which declined included

Ceraclea (SB), and Acentria, Oecetis, Leptocercus and Plunoibidae (WB).

Euhrychiopsis was found on both native plant species but the numbers were extremely
low compaied to the number collected in samples of M. spicatum (Table 4). All three
wecevils found on P. amplifolius were adults. There was watermilfoil in the 1992 P.
amplifolius sample and in one of the 1991 samples which contained weevils. Thus, only
one weevil adult appears to have been on P. amplifolius. This weevil may have been
resting on the pondweed while searching for more watermulfoil. There was watermilfoil
in the one 1992 H. dubiua sample which contained weevils. Two weevil larvae were

found in an H. dubia sample in 1991. This was the first H. dubja sample taken and may

have been the first native plant sample taken on that date. As we always sampled M.

spicatum first the presence of these larvae in the H. dubia sample may be the result of
contamination. Acentria were most abundant on watermilfoil. However, they were also
present, albeit at lower numbers, on the P. amplifolius. No Acentria were collected in
these sumples of H. dubia. However, some were found feeding on this macrophyte in
1992 (S. Sheldon, pers. obs.). Parapoynx was found on all three macrophytes but was
consistently more abundant on P. amplifolius. It was the lcast common of the three
heibivores on watermilfoil.

Minisamples. The same taxa which were abundant in the super sumples were the
dominant taxa on long watcimilfoil stems sampled with the mimisampler (Tables 5&06).
The only differences were in the abundance of Oligochaets and Hydra. These two taxa
appear to be much more abundant in the minisamples. Thiy is probably a result of

differences in sample processing. The minisamples are picked by hand while the animals
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are alive. The super samples contain much more plant biomass. The animals are
sepatated from the plants using a jet of water which probubly fragments the fragile
Oligochaets and Hydra. The pattern of Euhrychiopsis abundance over time differed
between the super sumples and the minisamples. In the minisamples, weevils were more
abundant early in the summer. The 1everse was observed in the super samples. We are
not surc why this is the case. The stem transect data (see below) show a pattern similar
to the minisample data.

Both Euhrychiopsis and Acents ig were consistently more abundant on longer
watermilfoil plants (Tublé:« 7&XK). Euhrychiopsis abundance was only greater on short
stems on onc date in the South Bed. Acentria abundance was greater on short stems on
only two dates in the South Bed.

Figures 13& 14 are plots of the abundance of wecvils (bused on minisamples) and
watctmilfoil biomass for 1990-1992. Weevil abundances were fairly low in both
watermilforl beds during 1990, In general, weevil abundance increased through early
1992 and then began to decrease. When watermilfoil abundance is plotted for the same
period 1t 15 apparent that the increase in weevil abundance coincides with the pronounced
decrease in watermiltoil abundance. The peuk in weevil abundance occurs
approximately one year after the peak in watermilfoil ubunc_iul}gc.

Stem Transects. In general, the stem transect data show an increase in abundance in
weevil hife stuges early in the summer (up to 3 July) followed by a decrease in abundance
(Figures 15-20). This pattern was obsetved in both beds. The number of eggs per stem
peahed on 26 Junc in both beds (Figures 15& 18). The increase in eggs m the South Bed
almost appears to be exponential up until 26 June. The meun number of eggs per stem in
the South Bed on 26 June was 6.0, the highest we have ever observed. The numbers of
larvae were simular to those observed in 1991 samples. Larval abundance peaked on 3
July in both beds (Figures 16, 17, 19, 20). Eggs and meristem larvac appeared to be

moie abundant on watermilfoil stems with intact meristems; stem larvae appeared to be
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more abundunt on watermilforl stems with dumaged meristems. No E. lecontei pupae

were found in the 1992 stem transects (nor were any found in any of the minisamples or

supersamples). In 1991, S0 pupae were collected in stem transects.

Fish Samples

Eleven peich were collected on 25 June, thirteen were collected on 2 July and
seventeen weic collected on 10 July. On 25 June, all of the fish contained prey: the
number of fish containing prey on 2 July and 10} July were 10 and 15, respectively. The
mean (+ 1 S.D) total lengths und weights of fish collected on each date were as follows:
25 Junc - 231.7 (£21.3) mm and 164.7 (+ 47.0) g: 2 July - 232.5 (+ 18.5) mm and 161.1
(+36.6) g. 10 July - 237.9 (+ 23.8) mm and 175.1 (+ 55.4) g.

The dominant prey (deteinuned as having a frequency of occurrence >20% for one or
moic of the thice dates) found in the peich guts were the amphipod Hyallela, Cladocera,
chironomids (larvae and pupae), Ceratopogonidae, Chaoborus (larvae and pupae), the

may (ly Cacnis, the dragonfly Tetragoneuria, the damselfly Enallagma, the snail Physa

and perch fry (Table 9). Piey which occurred less frequently in the perch guts included
water mites (Hydracarina), Baetid mayfly nymphs, larvae of the beetle Gyrinus, various
Trichoptera larvae (Leptocercus, Occetis and Polycentropus), Neuroptera lurvae, small

crayfish, and small plunorbid snails. No Acentria lurvae or Euhrychiopsis (adults or

lurvae) were found in the perch stomuchs.
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Experiments

The Effect of Acentria and Euhrychiopsis larvae on Watermilfoil Growth

Both Acentria and Euluychiopsis farvae had negative effects on all three measures of
plunt grow th (Figure 21 A-C). Watermulfoil plants with just one weevil larva were
shotter, had fewer whorls and weighed less than control plants. However. plants with
Accntiia lurvae. either alone or in combination with a weevil larva, exhibited even more
damage than plants with just a weewil larva. All measures were nepative for plants with
Acentiia lurvae. The damage to plants with both Acentria and weevil larvae was slightly
less than that exhibited by plants that had a single Acentria which suggests that the
presence of the weevil larva might have had a slight, inhibitory effect on Acentria

fecding.

The Effect of Larval Weevil Damage on Stem Fragment Viability

Expeniment 1. Slightly fewer dumaged stems produced roots compared to the
undamaged, control stems but the difference was not significant (Table 10). The biomass
of the roots ptoduced by the undamaged. control fragments was 7X greater than that
produced by the damaged fragments (p<0.0008). Overall. there was no significant
diffcience in the amount of stem tissue produced by the two fragment types. However,
undamaged stems produced significantly more stem ussue by elongation of the oniginal
stem (p<t) O005) while weevil-damaged stems produced more stem tissue by producing
latcral stems (p<0.0012). There was little elongation of the original stem in the weevil-
damaged stems. The lack of difference in total stem production suggests that lateral stem
production compensated for reduced stem production that would have occurred at the

apical meristem.



Experiment 2. Both weevil dumage and shading had a negative impact on root and
stem production n stem fragments (Figures 22&23). All of the undamaged stems
produced 100ts regardless of the shade treatment (Figure 22A). A higher percentage of
the damaged stems 1n unshaded aquaria produced roots compared to stems in the shaded
aquana. Undamaged stems (both shaded and unshaded) produced significantly more root
biomass than the damaged stems (Figure 22B). Shading reduced root biomass for both
damaged and undamaged stems; the difference was significant only for undamaged,
control stems  Production of total stem tissue was significantly greater for undamaged,
control stems (Figure 23A). Most of the stem production in the undamaged stems was
due to clongation of the original stem (Figuie 23B). There was some production of
laterul stems. All of the stem production in the damaged stems was due to the production
of lateral stems (Figure 23C). The difference between the undamaged control stems and
the damaged stems was highly significant for all three measures of stem production.
Shading appeated 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 with
the result that the two treatments were almost identical in total stem tissue produced. |
Shading inlibited 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.
Fish Exclusion Experiment

Significant fish effects were found for four of the nineteen taxa evaluated (Table 1 1).
Thesc were the weevil Euhiychiopsis, damselfly larvae of the genus Enallagma, the
caddisfly Oxyethira and Oligochaets. Marginally significant (p<0.10) fish effects were
obscrved for the water mites (Hydracarina), and two snail genera (Amnicola and Physa).
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The Hydracarina and Euhrychiopsis had similar abundances in the cages and cage

controls. The highest densities for Physd and Enallagma were in the cages with

intermediate densities in the cage controls. The oligochaets and Oxyethira were more
abundant in the open watermilfoil bed.

Significant cage effects were observed for Oligochaets, Euhrychiopsis and Amnicola.
Maiginally significant cage effects were observed for Hyallela, Hydracarina, Acentria,
Oxyethira. Hyallela. Hydracarina and Euhrychiopsis were more abundant inside the
cages and cage controls. The cage effects for some of these taxa appear to be fish effects
which suggests that perch may not have foraged as extensively on the watermilfoil in the
cage controls as in exposed watermilfoil. The abundances of Oligochaets, Acentria,
Oxyethira and Amnicola ull appear to have been depressed by the presence of cages, i.e.,

thcy weic more abundant in the presence of fish.

Heibivore Enclosure Expernment

Weevils had a significant effect on watermilfoil biomass and plant height in the
enclosure cxperiment. Total biomass was sigmficantly greater in the control and the
Acentria tieatments compared to the weevil treatment (Figure 24). The differences in
total biomass were attributuble to differences in root weight and lateral stem weight:
there was no significant difference in the weight of the original stems (Figure 24). The
weevil-damaged, original stems in the weevil treatment tended to collapse during the
caperiment. While the mean height of these weevil-damaged original stems in the water
column was usually lower than that of the original stems in the control treatments, the
diffeience was not significant until the last three weeks of the cxperiment (Table 12).
The difference in the mean height of original stems between the weevil treatment and the
control tieatments for this period ranged from 10 - 25 ¢cm (Table 12). The weevil-

damaged stems were often suppoited by the enclosures. In the absence of the enclosures,
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the difference in the height of weevil-damaged versus undamaged plants may have been

greater.

Discussion

The weevil and watennilfoil survey data support the hypothesis that wecvils were
mvolved i the Biownington Pond watermilfoil decline. In 1990), weevil abundance was
at 1ts lowest while that of watermilfoil was high. The sumimer of 1990 was the growing
season subscquent to the first observed waternulfoil decline (see Creed and Sheldon
1991b for maps illustrating the first observed Brownington Pond decline). With the
marked decline of their major foad resource by 1989 (weevils do not appcar to feed on
any other aquatic macrophyte present in Brownington Pond) it is not surprising that
weevil numbers were quite low in 1990. From 1989 through 1991 the areal extent of the
watcrmilforl beds increased (see Creed und Sheldon 1991b and Figure 1). This
expansion was also reflected in the permanent grid data. However, the weevil population
also began to incrcase in abundance in 1991 and watermilfoil biomass did not continue to
increasc over the 1991 growing season as 1t had in 1990, i.e., peak wateimilfoil biomass
was in mid-summer of 1991 and not late summer as was the case in 1990. Overall, the
number of weevils per stem increased through 1991 and were high at the onset of the

.
1992 growing season. Watermilfoil abundance had dechined dramatically by this pomnt in
time. Subsequent to the watermilfoil decline, weevil abundance began to decline by mid-
summer of 1992, Thus, the pcak abundances of watermilfoil and E. lecontei appear to be
out of phase with one another. These patterns of abundance are similar to that displayed
by simiple predator-prey or host-parasitoid models (e.g., Begon and Mortuumer 1981,
Krebs 1985) und suggest that a similar interaction is occurring between Eurasian
watermulfoil and E. lecontei. Addinonal collections over the next 6-9 ycurs are needed to

verify this cychic pattern of weevil and watermilfoil ubundance.
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The lack of any weevil pupae and observations on watermilfoil size in Brownington
Pond in 1992 suggest a reason for the observed decline in the weevil population. Weevil
epps and lurvae were very abundant early in 1992. However, very few long (>150 cm)
watermilfoil stems were present in the pond early in the summer:; all of these long stems
were located in the southern portion of the West Bed. Few plants (and practically no
long plants) were present in the South Bed. It is possible that there were few stems large
enough in diameter in which weevil larvae could construct pupal chambers. Therefore,
many larvac may have died n early July. This would explain the lack of pupae in our
samples which in turn would expluin the lack of other weevil life stages for the
remainder of the summer. Furthermore, the high densities of weevils early in the
summer would have severely damaged most of the watermilfoil plants in the pond.

Muny watermifosl plants would have been prevented from growing longer with the result
that stems suitable for pupation would be in short supply. This hypothetical scenario
suggests that the lack of suitable stems for pupation is a major factor driving the
population oscillations of weevils and watermilfoil. High densities of weevils such as
those observed eatly in 1992 could prevent a watermilfoil population which has already
declined from producing large plants. What few long plants that might be present might
have high densities of weevils (weevils were clearly more abundant on long plants in
both beds in the minisamples). Weevil numbers would subsequently crash. With reduced
weevil feeding the remaining, small watermilfoil plants could recover and the
watcrmilfoil could spread again. This hypothesis remains to be tested.

The results from both the enclosure experiment and the two lab experiments
demonstiate that the weevil E. lecontei can have a significant, negative effect on
Eurastan waternulfoil. In both the pond experiment and the wading pool experiment, the
primary effect of weevils appears to have been a suppression of watermilfoil growth. In
the pond cxperiment. weevils suppressed production of new stems by damaging lateral

shoot meristems. The meristem dumage observed in this experiment was duc to both
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larval and adult feeding. Weevil attacks on the shoots appear to have had a negative
impact on oot production. Weevil damage may influence root production as the
removal of stem vascular tissue by weevil larvae may interupt much of the flow of gases
and photosynthate to the root system. Weevil damage to the stem also caused the plants
to sink out of the water column. This result with rooted plants confirmed the results of
earher experimental stucies (Creed et al. 1992) which demonstrated that weevils could
affect the buoyancy of floating watermilfoil fragments. Weevil damage also had a
negative impact on the viability of watermilfoil stem fragments. Like the rooted plants
in the cnclosute experiment. the stem fragments had greatly reduced root production.
The 1cduced viability of these stem fragments suggests that the spread of watermilfoil
beds during periods of intense weevil herbivory would not be as great as that observed
with other methads of watermilfoil control which produce fragments (e.g.. harvesting,
rotovating). The results of these experiments suggest that weevils have three effects on
Eurasian watermilfoil: 1) weevils damage existing stems, possibly stressing the plants
physiologically as a 1esult of disruption of gas balance and loss of vascular tissue, 2)
weevils inhibit the production of new stem tissue by destroying meristems and 3) weevils
inhibit the spread of watermulfoil beds by reducing stem fragment viability. These data
support the hypothesis that weevils played an important role in the Brownington Pond
watermilfoil declines.

Changes in water and sediment chemistry do not appear to have been the primary
causes of the Brownington Pond decline. Concentiations of the measured nutrients in the
water column displayed essentially no change between 1991 and 1992 or within the 1992
growing scason. [t s possible that a change in some unmeasured waterborn
micronutiient could have caused the decline. However, observations from Brownington
Pond suggest that this was not the case. First, watermilfoil did not disuppear throughout
the pond which is fairly small and appears to have a well-mixed epilimnion (e.g.,

temperatures are nearly uniform around the epilimnion of the pond). Second, the
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Brownington Pond enclosure experiment was conducted adjacent to the site of the former
South Bed where the ieduction in watermilfoil abundance was greatest between 1991 and
1992. The watermilfoil nside the enclosures readily grew at this site while little
waternnlforl giowth was observed immediately surrounding the enclosures. The latter
observation suggests that some other factor was preventing the reestablishment of
waternnlfoil in this arca.

Changes n sediment chemistry dlso do not appear to have been important in producing
the decline. Only one scdiment variable, the concentration of ammonium, was found to
vary sigmficantly among sites. Ammonium concentrations in both the sediment and the
interstitial pore water were lowest in the sediments of the former South Bed. These
results were the opposite of those of Painter and McCabe (198%) who found that
ammonium concentiations were lowest in areas of high watermilfoil abundance. We are
not sure why ammonium abundance was lower at the South Bed site. As ammonium is
produced by the decomposition of organic matter by heterotrophic bacteria (Wetzel
19X3). we would have expected higher sediment concentrations at the South Bed site as
theie was a layer of decomposing watermilfoil on the sediment surface for much of the
sumimer, Alternatively, the watermulforl bed that had previously been present at this site
may have seveiely depleted sediment ammonium concentrations with the result that
watermilfoil was unuble to grow here. However, we used sediment from the South Bed
in the enclosure experiment. As the cxpenmental waternuifoil grew on this sediment we
do not believe that change in sediment quality was a primary factor in the Brownington
Pond decline. The results from Norton Brook Pond (see section on introductions) also
suppoit the hypothesis that herbivory and not changes in sediment quality was primarily
responsible for this decline. The sediment was not disturbed in any way in the Norton
Brook Pond expeniment. The only diffeience between treatments was the presence of
weevils. While there may be an interaction between nutrient availability and the effect of

the weevil on Eurasian watermilfoil (e.g., reduced root production in the presence of
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weevil herbivory results in reduced sediment nutrient uptake), we do not believe that
changes in nutnient availability alone could have produced the Brownington Pond
decline. Admittedly. our assertions regarding the effects of sediment nutrients are based
on a limited number of samples from a single dute. However, our results confirm those
of Painter and McCabe (1988) who could find no relationship between sediment quality
and the watermilfoil declines observed at the Kawartha Lakes.

The fact that much of the Brownington Pond watermilfoil disappeared during the
winter suggests that weevil herbivory stresses the plants in some manner that makes 1t
difficult for watermilfoil to overwinter. For example, weevil damage to stem vascular
tissue could prevent movement of nutrients and/or gases from stems to roots (or vice
versa) which could physiologically stiess the plants (Wetzel 1983). Aliernauvely, the
weevil-dumaged plants may be much more susceptible to decomposers than healthy
plants. At present, the reason that the watermilfoil in Brownington Pond declined during
the winter remains unknown. However, this observation suggests that winter may be the
scason when the greatest reduction in waternulfoil biomass occurs. Further reseaich i1s
necded to understand this potentially important effect.

Yehow perch do not appear to be a source of mortality for Euhrychiopsis or Acentria.
Over the last three summers we have examinced the gut contents of 175 laige perch plus
25 YOY. We have not found any Euhrychiopsis (adult or larva) or Acentria larvae n
any of the guts exanuned. While we do not have adequate samples of 1+ and 2+ perch it
is hard to believe that the contents of their stomachs would be dramatically different
from those of the 3+ und 4+ perch we have collected. In the 1991 fish exclusion
experiment, E. lecontei showed little response to the treatments. Weevil numbers were
actually higher in the watermilfoil bed (controls) and the cage controls (see Creed and
Sheldon 1992). At the time that this experiment was sampled (late August), the yellow
perch were not feeding as heavily on littotal prey as they had been earlier in the summer

(sce Creed and Sheldon 1992, Figures 18 and 22). [n the 1992 experiment, the opposite
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response was obscrved: weevils were more abundant in the cages and the difference was
significant. These results suggest that many weevils were avoiding areas where they
might be exposed to fish. This result was observed during a time when yellow perch
were feeding extensively on littoral invertebrates (Table Y). Thus, during the early part
of the summer when yellow perch feed heavily on hittoral invertebrates, weevils may
aggregate in potential refugia (e.g.. areas with a high density of watermilfoil) even
though they are not being consumed by perch. If weevils are introduced into a body of
watei eatly in the season then it may be best to introduce them into a region of dense
watermilfoil growth. Yellow perch may have had a positive indirect effect on
watermtlfoil herbivores by consuming potential predators (dragonfly and damselfly

larvae). This potenual indirect effect needs to be investigated.

Student Reseuich Projects

Two student rescarch projects were carried out in 1992 at Brownington Pond. One
project examuned the ability of weevils to colonize and damage individual watermilfoil
plants at three different distances (10, 30 and 60 m) from a watermilfoil bed. Weevil
damage was assessed by determining the amount of stem burrowed by larvae and the
number of adult stem bites per stem. Larval damage decreased with increasing plant
distance fiom the bed. There was no significant difference among locations in the
number of adult stem bites. A second study was designed to determine what cues female
weevils might be usmg to choose plants on which to lay their eggs. We had noticed that
there were more wecevils on longer plants. The study evaluated the effect of stem length
and depth of the meristems. Weevils laid significantly more eggs on longer stems.
There was no significant difference 1n the number of eggs on shallow and deep stems of
the same length although there tended to be more eggs on shallow meristems. These

results suggest that female weevils may be actively selecting longer stems.
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RESEARCH AT LAKE BOMOSEEN AND MIDDLEBURY

Resecarch at Lake Bomoseen

Introduction

Lakc Bomoscen is the Lungest luke (1128 hectares) contained entirely within the
boundarics of the state of Vermont. Eurasian watermilfoil was first reported n Lake
Bomoscen in 1982, The luke currently has a serious infestation of this species. Attempts
at contiolhing the waternulfoil have included harvesting and an overwinter drawdown.
Hydroraking and bottom barriers have also been used by camp owners on an individual
basis. One of the primary objectives of this project 1s to determine if the herbivores
under study could be employed to control the M. spicatum infestation in Luke Bomoseen.
The primary goal of the 1992 field season was to collect data on the effects of

watermilfoil harvesting on herbivoie abundance. primarily the weevil E. lecontei.

Study Sites

Twelve sites were designated in 1992 to be avoided by the harvesters (Figure 25).
These sites were marked with permanent buoys. These sites included 1) the eastern shore
of the north end, 2) the west side of Eckley Point, 3) the east side of Eckley Point at the
southern end (= E. Eckley South), 4) the east side of Eckley Pomnt at the northern end
(=E. Etkley Noith), 5) the cast side of Neshobe Island, 6) Green Bay, 7) the top of the
Channel (across from Indian Bay), 8) Avalon Point Beach, 9) W. Castleton Bay (south of
State Puik beach, 10) the NW corner of W. Castleton Bay, 11) north of the sate quarry

and 12) eastern Rabbit Island.
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Three sites, E. Eckley South, the area south of State Park beuch, and the east side of
Neshobe I., were previously designated as "no harvest” sites in 1991, All other sites were
newly established in May 1992.

The distance each of the no harvest sites extended from shore varied depending on the
water depth off shore. At all sites, the buoys were placed close to shore in water no
decper than 3 m. For all of the sites, the area designated to be left unharvested was
betwcen the line of buoys and the shore.

The shoreline distance of euch of the no harvest sites ulso varied depending on the
available luke shore property and site characteristics. All sites were approximately 50 m

along the shore.

Materials and Methods

Stem Transeccts

Watcrmilfoil stems were collected weekly from three of the sites (E. Eckley South, E.
Eckley North and Neshobe 1.). Transects were set-up parallel to the edge of the
harvested area (perpendicular to shore). On each side of the line of harvest the first
transects were within -3 m of the line, and two more transects were placed progressively
farther from the harvest line, resulting in six parallel transects, with three tiansects
located in both the harvested and unharvested areas. Along a transect line snorklers
removed the (0.3 m uppermost portion of a plant and placed 1t in a ziplock bag. For each
transcet. five plants with intact apical mernstems and five with damaged apical menistems
were collected. resulting in the collection of () stem tops per site per day. To determine
the distribution of weevils within sites, we separated the plants we collected in each
transect into two bags, a shallow bag and a deep bag. In each transect, the four plants

collected in the two stops closest to shore were called shallow plants. The other six
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plants, collected at the other three stops, were called deep water plants. Separation of
stems into deep and shallow bags began on 22 June and continued through the summer.
Samples were collected from 26 May through 28 September 1992,

On returning to the lab, plants were examined under a dissecting microscope. From
the ten plants within a transect, every weevil was removed, preserved and the number
and life stage recorded. Differences between dates, sites and harvest versus unharvested
areas were compared using an ANOVA (the data were square root transformed for the
analyses). To analyze for depth effects, all sites were combined and we compared the
number of weevils per stem in all the shallow regions versus the number of weevils per
stem in all the deep regions for the entire summer.

Some of the "harvested" areas ncar the designated no harvest sites were often not
harvested hampering comparisons of harvested and unharvested areas. The "harvested”
arca ncar E. Eckley South was not harvested throughout 1992. The "harvested" area near
E. Ecklcy North was harvested once, in early July 1992. The "harvested" area near

Neshobe 1. was harvested on a regular basis starting mid-July 1992,

Super Samples

Three sites (E. Eckley North and South, and Neshobe 1.) were designated as no harvest
sites in 1992, Unfortunately, regular harvesting of adjacent watermilfoil was only
performed at Neshobe I.; watermilfoil was harvested only once adjacent to the E. Eckley
North no harvest area and no harvesting occurred adjacent to E. Eckley South.

Theteforc. only the data from Neshobe I. will be discussed. Once a month (June through
August) six super samples were collected at Neshobe 1. (For a description of this
sampling method see the Brownington Pond section, page Y). Three samples were taken
from the hinvested bed and thiee from the adjucent unharvested area. The sampler was

placed haphazardly, although care was taken to distribute sumple locations over an area
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within 10 m of the line of harvest. Samples were preserved in 70% ethanol. In the lab,
all of the invertcbrates were removed from the plants, identified and enumerated. The
plants were sorted to species. dricd at 809 C and weighed. Differences between dates
and harvested and unharvested areas for watermilfoil biomass and the abundance of

major invertebiate taxa were compared using an ANOVA.

Other Sampling

Three sites (the castern shore site in the north end (site 1), the western side of Eckley
Pount (site 2). and the Avalon Point beach site(site ¥)) were quantitatively sampled once
during the summer to determine the presence of weevils. All of these sites had been
harvested the previous summer. Weevil transects were conducted at these sites using the

same protocol deseribed above.

Weevil Augmentation

On 3 August approximately 100 weevils (both adults and larvae) were carefully placed

on tall M. spicatum plants close to shore at E. Eckley South. The mtroduced weevils

were in all life stages. The weevils were collected in Glen Lake.

Results

Stem Transects

Of the three ites, E. Eckley South had the highest mean (+ 1 S.E.) number of weevils

per merstem with 0,048 (+ 0.010) for the entire summer (Table 13). The other two sites

had lower but not sigmficantly ditferent (p=0.804) weevil densities throughout the
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summer. Neshobe 1. had a meun of (1.042 (+ 01.012) weevils per meristem and E. Eckley
North had 0.039 (+ 0.007) weevils per meristem.

When the data from all of the sites were combined, the mean (+ | S.E.) number of
weevils per meristem i harvested areas (0.026 + 0.005) was significantly lower
(p=0.006) than in the unharvested areas (0.058 + 0.010) (Table 14). The sites did not
differ significantly. Theie was little difference in the number of weevils in harvested and
unhaivested areas early in the summer (Figure 26); many more weevils were present in
samples from unharvested areas later in the summer (Figure 26). Examination of the
data for the individual sites indicated that both Neshobe 1. and E. Eckley North had
significantly more weevils in the unharvested areas (Table 14). More weevils were
collected in the unharvested area at E. Eckley North carly in the sumimer; the rcverse was
true at Neshobe 1. (Figure 27). E. Eckley South was never harvested in 1992, Weevil
densities n the sites designated as "harvest” and "no harvest” did not differ significantly
(Table 14, Figure 27).

All the weewil collection data from all of the sites were combined to test for
differences in weevil distribution with respect to water depth. The number of weevils per
meristcm on watermilfoil in shallow water was significantly higher than the number of
weevils on deep water watcrmilfoil (p<0.001, Table 15). There was an overall mean of
0.071 (+ 0.011) weevils per meristem n the shallows vs only 0.029 (+ (0.005) weevils per
metistem in decp water. There was no significant difference among sites. The
difference in weevil abundance with 1espect to depth was sigmficant at both Eckley Bay
sites but not at Neshobe 1. (Table 15, Figure 2¥).

A compatison of the two years (1991 and 1992) of weevil collection data for Neshobe
I. and Eckhley Bay suggested that weevil abundance declined significantly at Neshobe 1.
and ncreased shightly at Eckley Bay (Table 16). When the data from the two sites were
combined significantly fewer weevils were collected in 1992 versus 1991, Most of the

decrease in abundance was attributable to the decrease in weevil abundance at Neshobe 1.
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A plot of the abundance of the different weevil life stages over the summer (data from
all sites combined) iltustrates the decline in numbers of the different life stages between
1991 and 1992 (Figure 29). Three peiks in egg abundance (15 June, 13 July and 24
August) were apparent in 1992; the position of the two later peaks comncides with the 2
pciks in cgg abundunce observed in 1991 . Larval abundance in 1992 was high in mid-
June followmg the first peak 1n egg abundance but did not display a clear pattern of
abundance aftcrwards. Pupae were not abundant until late in the summer; adults were
never abundant in these samples. Data from both yeurs indicate that weevil egg
abundunce decieases dramatically at the end of August. No eggs were found in either
ycai after the first week in September and larval numbers dropped to zero by the last

week of September.

Super Samples

There was a significant effect of harvesting on watermilfoil biomass; no significant
date cffect for watermilfoil biomass was observed in 1992 (Table 17). Significant
diffeiences between dates were observed for ten of the fourteen most abundant
macromveitebrate taxa. Five of the ten tuxa having a significant date effect (Oligochaets,

Isopoda. Chitonomidae. Caenis, and Zygoptera) were most abundant in June. Three of

the ten taxa (Oxyethira, Orthotrichia and Amnicola) were most abundant in July. Only

onc tuaxon, Euhrychiopsis, was significantly more abundant in August.

Only three macroinvertebrate taxa (Isopoda, Euhrychiopsis and Caenis) showed a

significant response to harvesting 1 1992 (Table 17). Both the Isopoda and Cacius were

moic abundant in the harvested areas: Euhrychiopsis was more abundant in the

unhaivested ateas.
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Other Sampling

On 3 August, one wecvil larva and six empty pupal chambers were found in a
collecuion of thirty meristems at the eastern shore site in the north end (site 1). No
wecvils were collected at the other two sites. However, during sumpling snorkelers
reported signs of weevil damage on watermilfoil at the west side of Eckley Point (Site 2).
A local property owner also reported that there appeared to be a large amount of
damaged watermilfoil at the west side of Eckley Point and he attributed this damage to

weevils,

Discussion

Two of the sites (Neshobe and E. Eckley South) were sampled intensively in both
1991 and 1992 for the months of July, August and September. Although these two sites
differed with respect to weevil densities in 1991, our data indicated no difference
between the two sites in 1992 because the number of weevils (all life stages) at Neshobe
had declined. The mean (+ | S.E.) number of weevils per stem at Neshobe in 1991 was
0.204 (+ 0.026); in 1992 the mean was 0.072 (+ 0.016) per stem. This difference was
highly sigmificant (p<0.001). The mean density of weevils per stem at E. Eckley South
did not change significantly: mean number per stem in 1991 = 0.035 (4 0.010), mean
number per stem m 1992 = (.056 (+ 0.013). It 1 possible that the high number of
wecevils at Neshobe in 1991 was due to an influx of weevils from Glen Lake into W.
Castlcton Bay. These weevils may have been emmigrating to Lake Bomoseen as a result
of the draw down in Glen Lake. Many of the weevils that had previously been at
Neshobe may have dispersed to other parts of the lake.

Our 1992 data (all sites combined) showed thut there were significantly more weevils

in the unharvested sites in the luke when compared with nearby sites that had been
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harvested within the last year. When only the Neshobe data are examined (the only site
where regular harvesting occurred in both years) we once again found a dramatic
difference between harvested and unharvested areas. These results support our findings
from 1991 1egarding the effect of harvesters on weevil abundance, i.e., that constant
harvesting will prevent the establishment of large weevil populations.

By separating cach of the weevil transects into shallow and deep regions in 1992, we
were able o test the 1991 hypothesis that weevil densities were higher on watermulfoil in
shallow water. Overall, we found less than half as many weevils per meristem on the
waternulfoil in deep water as on the shallow water watermilfoil. The diffeience in
weevil density between shallow and deep habitats was especially pronounced at the
Ecklcy Bay sites At those sites, we found one third to one fifth as many weevils per
meristem i deep water as compared to the shallow areas. One main difference in the
distnbution of watermilfoil between the Eckley Bay sites and the Neshobe [. site was the
density of watermilloil in deep water. At Neshobe 1., watermilfoil density was sinular
throughout the areas sampled. At both the Eckley Bay sites, on the other hand, the
waternulfoil was fairly dense near shore but tended to be in small, dense clumps in
deeper water. These data suggest that the weevils are not responding to water depth per
se but watermilfoil aubundance.

The 1992 super sample results from Neshobe 1. are very similar to the results we
obtained in 1991. Most taxa displaycd significant date effects in 1992 which was also
the case in 1991 (Creed and Sheldon 1992, see Table 14). Only four taxa (Amphipoda,
Isopoda. Planorbidae and Physa) displayed different responses to date in 1992 compared
o 1991. Amphipoda and Physa were significantly affected by date in 1991 but not in
1992. The 1everse was true for [sopoda and Planorbidae. Of the three taxa which
cxhibited a sigmificant harvesting effect in 1992, two of the three (1sopoda and
Euhi ychiopsis) displayed sumilar responses in 1991, The 1992 results confirm our

previous results that showed that harvesting had a negative impact on Eubrychiopsis
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abundance in Lake Bomoseen. The Isopoda were again more abundant in the harvested
areas and we still can not explain this result. The increased abundance of Caeniy in
harvested areas in 1992 may have been a response to an increase in the abundance of
periphyton on watcrmulfoil stems which could have occurred due to the removal of the
dense watermilfoil canopy. [t is not clear why this mayfly taxon displayed different
responses to harvesting in the two years. Two snail taxa (Planorbidae and Physa), which
were significantly affected by harvesting in 1991, did not show a significant response to

harvesting in 1992,

45



Rescarch at Middlebury

Culture and Life History of E. lecontei

Materials and Methods

Culture of E. Iccontei

E. lecontci cultures were first established in June 1991. Batch culturcs of weevil eggs,
larvae, pupue and adults were maintained in the Middlebury "light ioom”. The room was
illuminated with both standard fluorescent and GroLux lamps on a 16h-on, 8h-off
photopeiiod  Water temperatures ranged from 21.5 - 240C.  Aquaria (approx 100 liters)
were filled with aerated tap water. All aquaria were continuously aerated.

M. spicatum plants were collected from Glen Lake or Luke Bomoseen. In some cases,
plants were held upright by sliding their roots into weighted down, plastic mesh.
Othcrwise, plint roots weie planted mto 100ce cups filled with autoclaved luke sedument.
After being planted. all watermulforl plants regained an upright position. Weevil adults,
larvae. and M. spicatum with weevil eggs were added to the aquaria. When M. spicatum
plants became heavily damaged (usually larval dumage) weevils were moved into new
aquaria with undamaged M. spicatum.

Life History of E. lccontei on M. spicatum and M. sibiricum

The lengths of weevil life stages were uantified in the culture room under the
condittons described for weevil cultures. M. spicutum was collected from Lake

Bomoscen and Glen Lake. and M. sibiricum was collected from Beebe Pond.
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Myriophyllum spp. stems were planted into cups of autoclaved luke sediment, were
enclosed in clear cylindrical polycarbonate tubes (30cm long, 6cm inside diameter),
coveied with a lid of 200um Nitex, and set in aguaria containing aerated tap water. Each
tube was also individually aerated. Weevil larvae and adults, collected from Glen Luke
or rcared n the lab were placed in the tubes, one weevil per tube. Plants and weevils
weie examined daily. often under a microscope at 7-15X magnification, and mortality or
metamor phosis noted. In many cases, especially for pupae, this repeated handling
weakened the plants, and in some cases the pupae were damaged.

For quantification of the lifetime egyg production by a female, unmated females were
collected. then mated. and the number of eggs produced recorded. To get an unmated
weevil, individual pupac (which reside inside plunt stems) were 1solated, and after adult
cmergence. the sex of the weevil was determined. A single, adult virgin female and two
males were placed in a tube as described ubove. Three to six M. spicatum stems with
intact meristems were planted into the autoclaved luke sediment.  The menstems were
1emoved and exarmined at 7-15X magnification every 3 or 4 days, and the number of
eggs and larvae counted. New meristems weire planted in the tube, and the female and
two n;ulcs were returned to that tube. If a male died, he was replaced by another male
weevil so that there were always two males 1n each tube with a single female. Weevils
were also grown on M. sibiricum, however these cultures were difficult to establish.
Plants were collected from Beebe Pond und weevils housed and treated as described

above.
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Results and Discussion

Culture of E. lecontci

E. leconter secmed to do well under these conditions. For the 19 months, eggs, larvae
and adults have been continuously produced. The weevils generated were not quantified,

so the rate of weevil production under these conditions is not known.

Life History of E. lccontei on M. spicatum and M. sibiricum

Under these Tub conditions the duration of the egg phase averaged 3.90 days
(20.20 SE, n=48). Larval duration ranged from 4 to 22 days, averaging 12.98 (+ 1.75
SE, n=9) days. Pupal duration ranged from 7 to 17 days and averaged 13.0 (+1.52 SE,
n=5) days. The sum of thesc averages suggests that the time between egg deposition and
emergence as an adult 1s 29.9 days.

On average, females laid 1.90 (+ 0.44 SE, n=7) eggs per day. Eggs appeared to be
preferentially laid on the apical meristem. If eggs were already present on the apical
meristem, eggs were often laid on the uppermost lateral meristems and if these also had
eggs. egys were deposited on leaves near the plant apex. In general, hatching rate of
cpgs was 87.3%. While eggs were usually widely distnibuted, when weevils were
cnclosed with few plants we found as many as 29 eggs on a single plant in the lab. Eggs
weie clliptical. 0.52 mm long and 0.3Ymm wide. and appeared "yolky", i.e..they were
very yellow and viscous.

Two females weie both very long lived and fecund. These females as adults hved
160 and 162 days and laid 562 and 46Y eggs respectively.

First instar larvae buriow into the menstem, usually destroying the menstem. Later

mstar larvac spiral down the outside of the stem, then burrowed in. Larvae spend most
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of theit time inside the stem, burrowing through stem tissue, hollowing out the stem.
Somctimes. particularly when they reached the end of an internode, they will burrow out,
spiral up or down the stem to a new location. and burrow into the stem again. Larvae
were usually found in the top third of the plant. Puparia were formed inside the stem and
tended to be found further down in the thicker portions of the stem.

Of the rates quantified in the lab, we are least confident of pupal duration. Repeated
handling of M. spicatum plants resulted in plant breakage and pupal mortality. Also, it
appears that successful metamorphosis is a function of stem diameter and health of plant.
Pupuc appear to build their chambers in thick ( >2 mm diameter) stems of actively
growing M. spicatum. It is difficult to find M. spicatum plants that have thick stems,
have roots, and arc less than 30 ¢cm long.

We have found that we can put luige larvae on thick stems, and within 2 days, larvae
will construct a pupal chamber. In the future. we will put large larvae on sufficiently
thick M. spicatum stems in the field, enclose the stem in a longer tube, and quantify
pupal duration.

The duration of life history stage data collected in the lab are consistent with
observations of E. lecontei phenology in the field. There appear to be 3 generations of
weevils on M. spicatum each sumimer in the 2 lukes we have studied in Vermont. In the
field, egps are found primatily on meristems near the surfuce, larvae are found in the top
cter of the plant, and pupae are typically found at >0.5 m or more down the stem. The
first weevils found in the spring are adults, thereafter eggs and then larvac ate found In
September, weevil densities decline. C. O'Brien (pers. comm.) predicted that
Eubryclnopsis lecontei may overwinter as adults in leaf litter near lahe margins. This
prediction 1s based on obscrvations of other aquatic weevils. This is consistent with the
smgle weevil we found m leaf and soil samples collected on shore in late October, 5 m

from the margin of Luke Bomoseen.
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Wecevils were also grown on M. sibiricum. These cultures were difficult to establish.
Scventy percent of the eggs on M. sibiricum hatched. Mean (+ 1 SE) hatching time for
epps was 4.7 (+ 0.48) days (n=7). For cach of the three females placed in tubes on M.
sibiricum, no eggs wete found on the plants. This is in contrast to the mean (+ 1 SE) of
12.75 (+2.26) cpps for weevils (range 2-23 epgs) under these same conchitions on M.
spicatum for the sume period of time. A single puparium was formed. We feel that the
stems of the M. sibiricum plants chosen for these cultures were too narrow and this may

explain the lack of pupation.

Student Rescarch Projects

A series of student projects were carnied out during the suminer of 1992 at
Middlebury. Project topics included: 1) the effects of Phytobius leucogaster ((), 2, or 4
acults) on M. spicatuin and M. sibiticum, 2) the effects of both Phytobius and E.
Icconter on M. spicatum (trcatments consisted of either 4 Phytobius alone, 4 E. lecontei
alone or 2 Phytobius and 2 E. lecontei together, 3) determining the number of weevils
assoctated with floaung watcrmilfoil rafts in Lake Bomoscen, 4) evaluating weevil
behavior in the presence of native macraphytes, 5) examining the tendency for weevil
larvae to move betwecen plants (both between M. spicatum plants and between M.
spicatum and natives). 6) examining the growth rate of different types of waternulfoil
fragments (autofragments, weevil-generated fragments and huarvester-generated
fragments). 7) comparing the buoyancy of 10oted watermilfoil fragments (both
undamaged and weevil-damaged fragments), 8) identifying weevil damage in a
laboratory sctting and Y) determining the life history of Phytobius on M. spicatum i Vt.

In the fust experiment, Phytobius did not have a significant cffect on the growth of
cither M. spicatum and M. sibiricum. In the second experiment, there was no significant

differcnce among treatments (Phytobius alone, Euhrychiopsis alone, and Phytobius and
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Euhrychiopsiy together) for either chunge in length or weight of M. spicatum. However,
the behavior of Euhrychiopsis appeared to be affected by the presence of Phytobius.
Euhrychiopsis spent less time on flowers in the presence of Phytobius. In the third study,
the number of wecvils associated with floating watermilfoil mats was correlated with the
bromass of the mats. In the fourth study. adult weevils spent most of their time
swimming in the presenee of most native macrophyte species. Substantial amounts of
time were spent on two macrophyte taxa (Ceratophyllum and Chara) which have
morphologies sinilar to that of M. spicatum. In the fifth study, weevil larvae were
obscrved to move between M. spicatum stems. Movement from M. spicatum to Elodea
was also observed 1n one instance and there did appear to be larval damage on the Elodea
stem. In the study (Study 6) examining the growth rate of different types of watermilfoil
fragments (autofragiments, weevil-generated fragments and harvester-geneiated
fragments) growith rate of the autofragments and harvester-gencrated fragments was
greater than weevil-generated fragments but the differences were not significant. In the
study (7) which compared the buoyancy of rooted watermilfoil fragments (both
undamaged and weevil-damaged fragments), found that the height of weevil-damaged
fragments in the water column was significantly lower than that of undumaged
fragments. The results of this study confinm the results of the buoyancy experiment
conducted at Biownington Pond in 1991 (Creed et al. 1992) and the enclosure
experiment conducted in Brownington Pond in 1992 (sece Brow mington Pond section of
this ieport). In the study (8) which examined weevil damage on watermilfoil in the lab,
simtlar damage (adult stem butes, leaflets iemoved by adults. larval burrowing etc) to that
obscived in the field and previous lub experiments was secn. In the last study (9), the life
history of Phytobius appeared similar to that reported elsewhere for this weevil. Eggs
were laid on and inside of flowers, larvae were observed feeding on flowers and pupae
were found on the stem just below the floral spikes. The duration of each of the life

history stages was not determined.
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The occurrence of Mycoleptodiscus terrestris on watermilfoil in Vermont lakes

Samples of Eurasian watermilfoil from thice Vermont lakes (Brownington Pond, Lake
Bomosecn and Metculf Luke) were collected in August 1992 and sent to Judy Shearer at
the U.S. Army Corps of Engineers Watcrways Experiment Station to determine the

presence of the fungus Mycoleptodiscus terrestris on these plunts. Mycoleptodiscus

teuestiis was found on the watermiifoil from Brownington Pond and Lake Bomoseen but

not on the waternulfoil from Metcalf Lake.
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The Effect of E. lecontei Adults on Native Plants

Introduction

If E lecontei is poing to be used as a biological control agent it is necessary to
detcrmune if it will have any impact on native macrophytes. To quantify the potential
effect of weevils on native plant species a series of feeding experiments were curried out.
Plants used for these cxperiments were some of the more comimon (frequency, biomass
and distribution) macrophyte species in Vermont and included Ceratophyllum demersum,

Chara sp.. Elodea canadensis, Heteranthera dubia, Megalodonta beckii, Myriophyllum

sibiricum. Najas flexilis, Potamogeton amplifolius, Utricularia vulgaris, and Vallisneria

amcricana. The series of experiments was run from 3 July to 26 August.

Materials and Methods

Plants <30 ¢m total length were collected with roots intuct fiom Beebe Pond and Glen
Luke, except Utriculatia vulgaris (a species which is not rooted in the sediment) which
was collected fiom Luke Bomoseen. In the lab, all plants were examined under a
dissecting nucroscope (7-15X) and all invertebrates and eggs were removed. Many
plants were discarded due to condition, difficulty in invertebrate removal, plant breakage
while being handled or other such damage. Of the remaining plants, those that were the
most similar in length, weight, number of leaf whoils and number of meristems were
sclected for use in the experiments. Only plants with intact apical meristems were used.
Plants used in the experiment were examined for the initial condition of the meristem(s),
Icaves and stem. Each leaf was examined, and damaged or missing leaves were recorded

by whorl or leaf as appropriate for the species. Each plant stem was marked with a tag at



the pomt dividing the shoot from the roots. The length of the plunt above and below the
tag was recorded. Blotted wet weights were also recorded.

Single plants were placed in chambers similar to those used in previous wading pool
experiments. Plant roots were inbedded in a container of autoclaved lake sediments to
the mark dividing the shoot from the roots. Plants were enclosed in clear polycarbonate
cylinders (3Ucm tall, 6em inside diameter), except P. amplifolius which was in larger
(27¢m high, and 12.7¢m inside diameter) enclosures. Each chamber was sealed by
pushing the polycubonate cylinder into the sediment and covering the top with a lid of
200 um Nitex. The chambers were placed in large wading pools (375 1) filled with
acrated tap water in a greenhouse under ambient light conditions. Each chamber was
individually aerated.

The design of each experiment was a randomized block design with three treatments
(0, 2 or 4 weevils per chamber) per row and six replicates for each treatment. The
chambers containing the eighteen plants were arranged in six rows in a wading pool: the
oricntation of the rows was perpendicular to a north-south axis. The P. amplifolius and
Utricularia vulgaris plants which remained after the initial processing was completed
were obviously not homogeneous with respect to length. Relatively short plunts (3 for P.
amplifolius. 6 for Utiicularia) were separated from the other plants and placed in the
southern most row(s). The plants in these subsets were randomly assigned to chambers
within and between rows. After the chambers were in place, the assigned number of
adult weewvils (from Glen Luke) weie placed in the chambers and the chambers were
capped. The treatments were assigned at random to chambers within a row. For each
native plant specics feeding trial, three chambers of M. spicatum with 4 adult weevils in
each weie also placed in the pool for the duration of a trial to determine 1f weevil
mortahity was due to host plant o1 environmental conditions in the wading pools.

All trials except three ran for 10 or |1 days. The Elodea experiment was ended after 8

days because all of the weevils enclosed with Elodea were dead. The Chara experiment
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was terminated after 8 days because under all conditions including controls (no weevils)
some of the plants were starting to fall apart. The Utricularia feeding experiment ran for
only 7 days because it was clear that the weevils were not affecting plunts by feeding but
by knocking off the bladders. The importance of this effect could not be tested under the
expctimental design used for the feeding experiments.

At the end of each experiment, each tube was opened and the number of surviving
weevil adults was recorded. Plants were removed from the sediment and retuined to the
lub. In some cases, it was difficult to remove the plants from the cylinders without
breaking them. Length was difficult to measure accurately for broken plants. Plant
lcngth above and below sediment level was recorded and blotted wet weights were
detcimincd. Plants were exanuned under a dissceting microscope and the number of any
weevil eggs and larvae were counted. Plants weie again examined leaf by leaf and new
(relative to initial) lcaf and stem damage was recorded. Plants were dried > 4 days at
60OC, and dry weights for shoots and roots recorded.

Duc to the breakage of plants, two analyses were performed on the length data for all
species: 1) for all plants in a treatment (n=6) and 2) for all intact plants in a treatment.
Unless otherwase stated. average length data reported are for intact plants. The data were
analysed using ANOVA: differences among treatments were compiied using Tukey's

HSD test.
Results

The number of intact plants by treatment for each species is presented in Table 18.
With the exception of M. mbiricum, there does not appear to be uny pattern of broken
plants with respect to weevil teatment. The mean numbers of adult weevils surviving on
native species and M. spicatum for each experiment are presented in Table 19, The mean

number of adult weevils surviving on M. spicatum was always higher than that for native
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plant specics. The lowest weevil survivorship observed on the M. spicatum controls was
dd% (Ceratophyllum trial); survivorship was usually 67% or greater for these controls.
On (he other hand, weevil survivorship on the native species was usually less than 25%.
The exception was weevil survivorship on M. sibiricum which runged from 46% in the 4
weevil tieatment to 58% in the 2 weevil treatment. No weevils survived in the Elodea
and Heteranthera trials. No eggs or larvae were found on any of the macrophyte species.

The responses of each macrophyte specics to weevils except Najas are presented
below. Najas deteriorated during the experiment so the results of this uial will not be
discussed. In the 1esults discussed below the numbers of intact plants used to determine
length changes was varnable (see Table [8); for change in wet weight n=6 1n each case.

Ceratophyllum: There were no significant differences among treatments for either
change in length or weight (Figures 30&31). Average change in plant length ranged
from 1.7 to 3.2 ¢m for the three treatments. Average change in plant wet weight ranged
from (.37 10 (.55 g. There were no significant differences in the average number of new
branches (3.7-4.5 per plant) produced by the plants.

Chara. There were no significant differences among treatments for either change in
length or weight (Figures 30&31). Average change in plant length ranged from 0.05 to
(.32 ¢cm for the three treatments. Average change in plant wet weight ranged from (.00
to (.07 g. The average number of whorls added per plant ranged from ().17 to (.50
whorls for the three ticatments.

Elodea There were no mignificant differences among treatiments for either change in
length or weight (Figures 308&31). Average change in plant length ranged from (.08 to
(.50 ¢m for the three tieatments. Average change in plant wet weight ranged from
-0.008 to 0.148 ¢. All but two plants produced new brunches. The average number of
new branches per plant was significantly higher (p<(.023) in the 4-weevil treatment than
in the control: the difference between the 2-weevil treutment and the control was

marginally significant (p<().053). There was no grazing damage seen on Elodea,
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although leaves were missing from three plants in the 2-weevil treatment and one plant in
the 4-weevil ticatiment.

Hetcranthera: There were no significant differences among treatments for either
change i length or weight (Figures 30&31). Average change m plant length ranged
from (.817 to 1.380 ¢ for the three treatments. Average change in plant wet weight
ranged from (0.348 to (.430 g. Theie was some length loss recorded in all treatments due
to loss of the longest leaf. However, these losses were similar among treatments. All
plants added lIcaves. The mean number of new leaves per treatment ranged from 11 to
14 3 leaves.

Mecgalodouty. There were no sigmificant differences among treatments for either
change in length or weight (Figutes 30&31). Average change in plant length ranged
from 1.56 to 1.83 ¢m for the three treatments. Average change in plant wet weight
ranged from 0.083 10 0.957 g. Some plants lost weight because sotne root whorls broke
of f in the sediments. All plants added leat whorls during the experiment (mean number
of whorls added - control: 4.5: 2-weewvil treatment: 4.7: 4-weevil treatment: 4.5), and the
number of new whorls did not difter among treatments.

M. sibiicum: M. sibiricum did not grow well under these conditions and many plants
wete broken (Table 18). When broken plants were included in the analysis, mean (+ 1
S.E.) change in plant length was +0.667 (+ 1.376) cm for the control, -3.750 (+ 2.670)
cm for the 2-weevil treatmient and -6 333 (+ 1.470) cm for the 4-weevil trcatment. There
wete no significant differences amonyg tieatments, although the difference between the
control and the 4-weewil treatment was marginally significant (p<0.053). When broken
plants weie excluded from the analysis the mean changes in length for the three
teatments were as follows. control +2.00 (+ 1.67) cm. 2-weevil treatment +1.17
(£ 0.38). and 4-weevil reatment -3.00 (+ 3.00) cm (Figure 30). The differences among
ucatments for change n length of intact plunts were not significant either. Average

change m plant weight ranged from (.0Y5 g in the 2-weevil treatment (n=4) to (1.248 g in

57



the ()-weevil treatment; the differences among treatments were not significant. Plants
without weevils added more leaves than plants with weevils. There was leaf loss at the
top of some plants, and damage 1o apical meristems in both weevil treatments. All
trcauments plus the M. spicatum controls were covered by variably thick epiphytic algae
i this expernment. Plants with weevils were more likely to be covered with algae and
broken

P amplifols: There were no significant differences among treatments for either
change in length or weight (Figures 30&31). Average change in plant length ranged
from (.50 to 1.15 cm for the three treatments. Average change in wet weight ranged
from (.68 to 1.17 g. There were no significant differences between the row of short
plunts and the other five rows for any of the variables measwied. On average, plants
added 3 to 4 leaves. Ninc of the plants added runners. There were no significant
differences for either the number of leaves or runners added amony the three treatments.

Utticulatia: Utiicularia had the highest growth rates under these conditions. There
werc no significant differences in increase in length among the treatments (Figure 30).
Avcrage change in plant length ranged from 3.30 to 3.98 cm. There appeared to be an
effect of weevils on plant weight. However, there was considerable variability within all
treatments 5o these differences were not statistically significant. Average changes in wet
weight for the three ueatments were as follows: (-weevil tieatment +).33 g, 2-weevil
trcatment -0.59 g, 4-weevil ueatment -0.39 g. Most of the weight loss in the weevil
tcatments appeared to be due to the loss of bladders. The bludders weie not counted at
the beginnimg of the experiment, so we could not quantify bladder loss. There was also
some loss of bladders in the O-weevil treutment; half of the plants in the 0-weevil
teatment lost weight despite then increase in length. There were no significant
differences between the two rows of short plants and the rest of the plants for any of the

variables quantified.



Vallisneria:  There were no sigmificant differences amony treatments in change in
plant length or weight (Figures 30&31). Average change in plant length ranged from
0017 t0 0.517 cm. Average change in wet weight ranged from 1.04 to 1.50 g. Most
plants n all treatments had new leaves, averaging (.8 to 1.5 new leaves per plant. In one
()-weevil replicate there was a dumaged leaf, likely due to handling. Two plants, one
from each of the weevil treatments, lost length. One of these plants had a scar and the
other one had no visible scar. A number of the plants in all treatments showed signs of
chlorosis which may have been due to handling during the initial processing. The
Vallisneria plants weic covered with Amnicola eggs. To remove the eggs, plants were
exatmned under lights, and eggs removed with forceps. This process resulted in some
desicealed sections of the leaves, and some tears and scars. Later, the desiccated areas
became chlorotic. If chlorotic plants iare removed from the analysis, mean change in
plant length ranged from 0.35 to 1.15 ¢m; mean change in wet weight ranged from 1.40

to 1.78 ¢ Aguin. there were no significant cdifferences among treatments.

Discussion

Adult wecvils did not have a significant effect on the growth of any of the macrophyte

specics tested. The only noticeable effects of weevils were on M. sibiricum length and
Utricularia weight. Mcean M. sibinicum length decreased with increasing weevil density.
There was, however, no significant impact of weevils on M. sibinicum weight. These
results are sinular to those obtamed i a study conducted at Brownington Pond in which
E. lecontei adults did not have a sigmficant, negative effect on M. sibiricum length or
werght (Creed and Sheldon I9§2). Weevils did remove a significant number of leaves
that experiment, though. The effect of weevils on Utricularia weight appeared 1o be due

to the loss of bladders on plants with weevils, however the differences were not

significant.  Also, theie was no significant effect of weevils on Utriculana length. The

39



most commonly found plant damage was due to effects of pre-experiment processing.
For example, there was desiceation of some leaf margins on P. amplifolius. None of this
damage was more common on the plants enclosed with weevils than controls.

At the end of an experiment weevils were classified as either alive, dead, or missing.
Many weevils (148 out of a total of 324 weevils) were not found at the end of the
experiments. In this discussion, only the wecvils found alive in the tubes werc used to
calculate survivorship. Thus the values represent the lowest possible survivorship.
assunung that all of the missing weevils were dead. The highest survivorship was on the
M. spicatuwim controls. The highest survivorship on a native plant was on M. sibiricum.
Theie was extensive weevil mortality in the experiments. No weevils survived at either

density on either Elodea or Heteranthera. Many more dead weevils (128 of 324) were

found associated with the native plants. If weevils on M. sibiricum are not considered,
this becomies 128 of 288, In contrast, of the 108 weevils placed in the M. spicatum
controls (not including the P. amplifolius trial) only 1 was dead and 24 were missing.
Overall. adult weevil survivorship on non-target plants was 15%. If M. sibiricum is
extluded fiom this group. the overall survivorship on native plants was 11%. compared
to an average sutvivorship of 75% on M. spicatum.  Foity-five percent of the weevils
could not be found. There aie a number of possible explanations for their absence: 1)
they weie not put in the chambers in the first place, 2) they found some way to escape, or
3) they died. fell into the sediment and decomposed. In four sets of the M spicatum
controly all of the weevily were found alive. In the other four trials. on average 4.25
weevils of the origmal 12 wete missing. As we have rarely found adult mortality at this
ratc un M. spicatum. it scems likely that at Icast some of these weevils may have escaped
or been overlooked.

In conclusion, the maciophyte in Vermont which appears to be most vulnerable to E.
lecontei is the native watermilfoil, M. sibiricum. We have found E. lecontei and weevil

damage on this plant in the field, but the weevils do not appear to have a significant
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negatve effect on the plant. At one location, Inman Pond in Fair Haven, Vt, it appeared
that M. sibiricum responds to weevil damage by increasing the number of lateral

branches.
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WEEVIL INTRODUCTIONS

Norton Brook Pond

Site Description

Norton Brook Pond 1s a small (< 8 hectare) impoundment in Bristol township, Vt. M.
spicatum was fust idenufied in the luke in 1985, and currently is the dominant (percent
cover, biomass, pers. obs.. and H. Ciosson pers. comm.) macrophyte in the lake. No

other submerged plant species were seen. M. spicatum ringed the impoundment.

Materials and Methods

Befoie weevils were intioduced, invertecbiates on transects were collected to determine
whether L. lecontei was alrcady present in the luke.

Cylinduical enclosuies were used for weevil addition. The 3().5 cm diameter, 2.5m tall

enclosures were constructed from impermeable 4um polyethylene sheeting held open by
external nings. The tops and bottoms of the cnclosures were held open by approximately
8 cm tall PVC rings. The tops of the enclosures were covered with 200um Nitex mesh,
and were held at the water surface by floats. Six enclosures were placed in a hne running
north to south on the 2. 1m depth contour. The enclosures were placed over dense M.
spicatum, and the bottom ring was pushed into the luke sediment enclosing 730 ¢cm2 of
scdument. Fifty adult E. leconter were placed i every other enclosure. No weevils were
added to controls. Enclosuies were examined weekly. and dissolved oxygen was
measured at mid-day at the bottom of the enclosures three tmes over the course of the

cxperiment with a chssolved oxygen meter.
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After 36 days in situ, a diver went to the bottom of each enclosure, cut all plants at
sechiment level, clamped a 200um mesh sieve to the bottom of the enclosure, and all of
the material was brought to the surface. All plants and invertebrates were washed into
scalable bags and preserved in 70% ethanol. To quantify the cffects of enclosures, three
similar samples weie also taken under ambient conditions at haphazard locations between
cnclosure sites on the 2.1 depth contour on the day the enclosures were removed.

At the lab. plants weie examined. Metistems were 1emoved and examined under a
chssecting mictoscope (7-15X magnification) for weevil cggs and early instar larvae. All
macroinvertebiates were removed, identified and enumerated. Plants were placed in a
drying oven for >4 days at 80CC, and dry weights recorded. The duta were analyzed

using ANOVA und the treatment means were compaied using Tukey's HSD test.

Results and Discussion

There were no E. lecontei found m preliminary sumples i Norton Biook Pond.

Weevil enclosutes had significantly lower M. spicatum biomass compared to control
enclosuies (p=0.007) and to open water (p=().043) (Figure 32). This appears to be a
weevil effect as there were no significant differences in M. spicatuin dry biomass
between controls and open luke. There were also visual differcnees in the position of the
plants in the water column between weevil enclosures and controls when the enclosure
tops were removed. In all control enclosures M. spicatum formed a canopy on the
surface. as it did in the open water. In the weevil enclosures there weie no plants at the
surtace in any of the weevil enclosures: the plants were approximately one meter below
the surface. No plant species other than M. spicatum were found n any of the samples.

There weie fow differences in invertebiate species and abundance in enclosuies
compared to open water. There were no significant differences in larger, more benthic

macroinvertebrates such as mayflies. caddisflics, mites and chironomids. There were
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significantly more macrozooplankton (Cladocerans and Copopods) in enclosures
compared to open water (p <01.02). This is not surprizing as there were no planktivores
in the enclosures. There were no differences in overall taxa richness, or organism
abundance. excluding zooplankton, among the enclosures, and open water (Figure 33).

Dissolved oxygen did not differ between enclosures with and without weevils. Meun
(+ I S.E.) dissolved oxygen concentiations at the bottom of the enclosures averaged 8.28
+0 37 mg/l. except on day 6 when one control had a dissolved oxygen concentration of
I.18 mg/l and on day 36 when one weevil enclosure had a dissolved oxygen
concentiation of 1.46 mg/l. On day 36, dissolved oxygen at the bottom waus somewhat
lower than under ambient conditions, 7.1 + 1.29 mg/l. in enclosures compared to 8.58
my/l outside the enclosures. On day 36, water temperatures at sediment level and at the
surface weie 21.5 and 21.9. respectively.

There weie very few weevil eggs, larvae and pupae found in the enclosures. There
were 6 cggs found in onc enclosure (5 eggs on one meristem and 1 on another) and |
pupa found in another enclosure. No larvae were found. It is uncledar why there was
apparently so little weevil repraduction. Given the longevity of the weevils seen in the
lab 1118 possible that the adults found in the enclosures, which averaged 30 (+2.64)
iepresent survivorship of the original 50 adults placed in each enclosure. It is possible
that the apparent lack of successful reproduction was due to low dissolved oxygen. We
mcuasuied dissolved oxygen during the day. at the bottom of the enclosure. We
anticipdted that dissolved oxygen would be lowest at sediment level both because low
hight intensities would nunnmize oxygen from photosynthesis, and because
decomposition of o1ganic matter would decicase the available oxygen. On the three
dates that we quanuificd dissolved oxygen, the concentrations were usually high.
Furthcimorc, theie was no significant effect of the enclosures on other macioinvertebrate

taxa assocuated with watermilfoil.
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One adult E. lecontei was collected in an open water sumple. Given that there was
none of the characteristic E. lecontei damage found on M. spicatum plants in any area in
the luke, it is likely that this was a result of sumple contamination. When we took the
open water samples, we reused one of the enclosures we had just removed. Unlike the
Super Sampler. which is used in the field for brief periods of time and dried between
uses. the enclosures remained in the lake for 36 days. The enclosures were encrusted

with pcriphyton making the inside of the tube less smooth, therefore increasing the

likchihood of uapping a weevil in the sumpler.
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Van Vieck's Pond

Site Description

VanVieck's Pond is a small man-made pond (approximately .7 hectares) located in
Cornwall, Vt. 1t has a circumference of approximately 240 m. Mcan depth is 2.3 m. It
has a small sticam inflow and an outflow pipe. The pond was built with a drain hole in

the NE corner.

Materials and Methods

We divided VanVieck's Pond into eight shoreline sections (30 m of shoreline each)
and onc center section using permanent stakes and removable ropes. Thiee corner
scctions were sclected for introduction sites. The NE corner whete the drain is located
was not used.

To detciminc if weevils were present prior to the introductions, the three introduction
sections wete systematically sampled immediately prior to the weevil intioduction. In
cuch scction, two (2 m apait) transects parallel to shore were swuin by snorkelers. On
each transcet, ten milfoil meristems (top 50 cm) were collected. Of these, five meristems
had signs of mvertebrate damage and five were undumaged Three (3 m apart) transects
running north 1o south weie alsoa sumpled in the nuddle of the pond. Overall, nine
transccts were sampled, with a total of 90 meristems collected.

Weevils were inttoduced on the same day as the pre-inttoduction sampling, 9 July
1992. Weevils wete added to three sites using three different stiategies. At site A (the
SE comner). SO adult weevils were added on the first day. Fifty mote adults were added

cvery other week until 19 August 1992, At site B (the SW corner), 50 adult weevils
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weic added on this date only. At site C (the NW corner), S0 adult weevils were added
with approximately 50 eggs and larvae on this first day only.

All introduction sites were examined on 19 August 1992, Day 41 after the
intioduction. Observations of weevil presence were recorded but no samples were
collected. ‘

We conducted extensive sampling of the entire pond on 25 August 1992, Day 47 after
the mtroduction. Collection transccts were made in all portions of the pond. Two (site
B) or thiee (sttes A and C) trunsects were taken at each of the three introduction sites.
One tiansect was taken n each of the other five pond sections. Three transects were
taken in the pond center as described above. On each tansect, fifteen meristems (top 50
cim) were collected. Of these, five meristems had signs of invertebiate damage, five were
undamaged. and five were flowering meristems. (Flowering meristems werc not
sampled in the pre-intioductory sampling because they were not present. We added them
10 the sampling 1cgime to be certain we were not overlooking any possible weevil
habitat.) We also collected five menstems (top 50 ¢m) from some of the floating
waternulfoil fiom each of the shoreline sections. In total, sixteen transects of rooted
wateimitfoil were sampled and 240 attached meristems collected. Forty meristems from

floating watcrimiforl in were collected.
Results
In pre-introduction saumphing on Day 0 (Y July 1992), we collected one umdentifiable
weevil larva from one of the center trunsects. Because we collected 90 menistems and

one weevil, this suggests a pre-intioduction weevil density of (L0O11 weevils per

mcristem.
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Observauonal data from Duy 41 after introduction indicated one weevil pupal chamber
and some larval dumage at site A, possible larval damage at site B, and 3 adult E.
lecontei and a fair amount of larval damage at site C. No eggs were scen at any site,

In extensive sampling on Day 47 (25 August 1992), we collected 27 weevils (seven
adults, one pupa, cighteen larvae, and one egg). Based on 240 collected meristems., we
found u final weevil density of ().113 weevils per meristem for the entire pond. The
highest numbers of weevils were collected near sites C and A. By examining these two
sites independent of the rest of the pond. weevil densities 1n the weevil transects at these
two sttes were (.29 (site C) and (1.20 (site A) weevils per meristem. No weevils were
collected fiom site B.

A total of five weevils (one adult and four larvae) were collected from six non-
inttoduction sites  Five weenils collected on 12() mernistems suggests a weevil density on
Day 47 of (1.042 weevils per menstem. This density 15 higher than that initially measured

in the pond. No weevils were collected from floating mulfoil pieces.

Discussion

We collccted twelve larvac at introduction site C. Weevil eggs and lurvae under
luboratory conditions need approximately 30 days at 21.19C to go from egg to adult.
Mean suiface temperatuie on Day 47 afier the itroductions was 27.40C. At 30 cm from
surface, water temperature was 25.50C. This suggests that the lurvae coliccted on Day
47 were not the sumc larvae we placed in the pond.

Bascd on the large total number of weevils (13) collected from site C (the site with a
single muoduction of 100 eggs, lavae, and adults), this type of mixed life stage
inttoduction appears to be most productive. While we did collect nine weevils from site
A. this site had biweckly intioductions of 50 adult weevils, or 200 weevils in the

summcr.
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Overall. the density of weevils throughout the pond appeurs to be increasing.
Excluding the three introduction sites, our final sampling suggested a four fold increase

in the number of weevils per meristem in the pond.
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Betuurney's Pond

Site Description

Betourney's Pond 1s an oblong, man-made pond located in West Salisbury. V. It is
small, measwing only 12 m across at its widest point. and only 24 m long. 1t has a mean

depth of 1.5 m and & maxmum depth of 2.1 m.

Materials and Methods

We divided Betourney's Pond into eight shoreline sections (9 m of shoreline each) and
onc center section. The SE corner section was selected as an introduction site. This
cornct was fairly shallow (mean depth of (.75 m) and had M. spicatum growing to the
surface.

The cnuire pond was systematically sampled immediately prior to the weevil
intoduction to detcinune pre-intioduction weevil abundance. Snorkelers swam two
parallel transects along the long axes and two trunsects along the short axes of the pond.
Along the long axis, for cach transect, ten milfoil meristems (top 50 ¢m) were collected.
Along the short axis, eight milfoil meristems weie collected per transect. For each
tanscct, half of the total meristems collected had ~signs of invertebrate damage, the other
half of the collection was undamaged meristems. In total, four ransects were sampled,
with a total of 36 menistems collected.

Weevils were introduced on the same day as the pre-inuoduction sampling, 30 July
1992. One hundicd weevil larvae (with a small number of eggs and pupac) wete added
to the shallow, south end of the pond. Fifty weevils (both adults and larvae) were added

on 13 August 1992, fourteen days after the initial introduction.
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The pond was examined on 19 August 1992, twenty days after the introduction. No
weevils or weevil duamage were observed.

We conducted extensive sampling of the entire pond on 26 August 1992, 27 days after
the intioduction. The same four transects were sampled. Three transects were also taken
parallel to the shore at the intioduction site. As with the pre-introductory sampling, ten
menistems were collected in each of the long axis transects, eight meristems were
collected in the short axis transects. Ten meristems were also collected in each of the

ncat-shore transects tuken at the introduction site.

Results

In pre-intioduction samphng. no weevils were collected.

In extensive abservations on Day 20 after the introduction, we found no weevils and
no evidence of weevils.

In extensive sampling on Day 27 (26 August 1992), we collected no weevils. Within
ow collection, we found seven plants (out of 66 collected plants) that had signs of adult
weevil damage to the leaves.

Water temperature on the day of troduction was 22.59C.

Discussion

The fate of the weevils in Betourney's Pond remains a mystery. On the final collection
day. we noted that most of the watermilfoil in the center of the pond was cut up and no
longer rooted to the bottom. While we have been assured by the property owner that the
pond 1ctmamed untouched, 1t appeared that much of the watermiltfoil had been
"hurvested” or cut at the bottom by some means. Other invertebrates appear to have

survived in the pond.
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COMMUNICATION OF RESEARCH RESULTS WITH
PURBLIC GROUPS, STATE AND FEDERAL AGENCIES,
AND AT SCIENTIFIC MEETINGS

Public Gioups

S. Sheldon made a presentation on our research to an audience comprised of state and
tfederal aguatic plant managers and the general public in Minneapolis. Minn. (sponsored
by the University of Minnesota). R. Creed also presented a seminar on the rescarch to a
wctlands ceology class in the Fisheries and Wildlife Dept. at the University of Vermont.
R. Creced made an informal presentation of research results to the boaid of directors of
the Lake Bomoseen Association and Castleton town officials. The purpose of this
meeting was to discuss the impending drawdown on Lake Bomoseen und its potential
impacts on the weevil research. The shde show on the prospect of biological control of
Eurasian wateinultoil was not updated this year. A woikshop for the general public was
held at Middicbury College during the summer. Information about the research has also
been made available to the public in the Vt. Departiment of Environmental Conservations'
bannual newsletter. We have also responded to numerous queries from the public
regarding the research (piimarily in the form of phone calls) and have sent out materials

describing the project when they are requested.

State and Federal Agencies

In November, S. Sheldon and R. Creed attended the annual Aquatic Plant Control
Rescaich Progiam (APCRP) meetigs sponsored by the Atmy Corps of Engineers in
Bellevue, Washington. The results of research conducted at Brownington Pond and at

Middlebury Collcge weie presented by S. Sheldon. S. Sheldon gave an informal
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prescntation to the Vermont Eurasian Watermilfoil Study Committee which is charged
with formulating an aquatic herbicide use policy in Vermont.
R. Cieed presented a paper on recent rescarch results at the annual New England

Association of Enviionmental Biologists meetings in Meridan, Conn. in March 1993.

Scientific Mcetings

S. Sheldon atiended a4 workshop at the annual meetings of the Aquatic Plant
Management Socicty in Daytona, Florida. She also wrote a paper on the distribution of
exotic aguatic plants in New England for this workshop. S. Sheldon also attended a
symposium on biological contiol in Minnesota and presented a paper on biological
contiol of aquatic macrophytes (sponsored by the University of Minnesota). S. Sheldon

gave a talk at the annual meeting of the New England Botanical Society in Boston.
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SUMMARY DISCUSSION

The iesearch undertaken during 1992 addressed five of the six pimary objectives
praposed for this project (Table 20). Considerable progress was macde at the
Biownington Pond (BP) field site wheie we are examining the watermilfoil decline
(Objective 1). We continued the plant, invertebrate and fish surveys begun in 1990. We
also continued monitoring water chemistry and temperature and obtained usable sediment
sumples. Laboiatory experiments documented strong negative effects of herbivores (E.

lecontei and A. nivea) on watermilfoil. The herbivore exclusion experiment

demonstiated that weevils can have strong effects on established watermilfoil plants.
The second fish exclusion experiment also demonstiated that yellow perch have little
direct cffcct on the abundance of weevils. Once again, we did not work with Parapoynx
as this species was still rare on watermilfoil in BP. While we have not yet demonstrated
the causc of the decline at Brownington Pond the results of the 1992 field season lend
further support to the hypothesis that Euhrychiopsis, and possibly other herbivores such
as the Acentia. played an important role in both watermilfoil declines.

Rescarch conducted at both Biownington Pond and at Middlebury (M) examined the
cffect of herbivores on waternulfoil and native macrophytes (Objective 2). Strong

effects of Acentria and Euhrychiopsis on M. spicatum were observed in the BP

experiment. Weevil larvae did not have as strong an effect on M. spicatum as Acentria,

however, burrowing by larval weevils may contnibute_the_mast to the 1eduction in

Curasian watcrmulfoil buoyancy. Weevils were not very common on native macrophytes

m BP m 1991 and 1992, Weevils had no significant effect on native macrophytes in
wading pool expetiments conducted at Middlebury.
Weevils weie successfully introduced into Norton Brook Pond and Van Vieck's Pond

(Objective 3). We have had continued success at maintaining a small culture of E.
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leconter at Middlebury and documenting their life history. Successful culturing is
important if we are to undertake controlled introductions in the future.

Our data from L. Bomoseen indicate that this lake already supports a population of the
weevil E. lecontei which suggests that a natural weevil introduction has already begun
(Objective 4). In 1991, the weevils had begun to reduce watermilfoil abundance in
certain parts of the luke (Objective 5). Weevil abundances were much lower in Lake
Bomoseen i 1992, As mentioned pieviously (Crecd and Sheldon 1992). extensive

——————

harvesting could prevent this weevil population from expanding and affecting

~

atermilfoil throughout the luke. We have had considerable difficulty in influencing

. . . . /
watenmilfoil management in Lake Bomoseen. The severity of the watermilfoil problem |

\
in the lake makes lakeshore property owners reluctant to suspend watermilfoil control -
activiies long cnough for a weevil population to become established. —

We have presented the results of our woik to public groups and at scientific meetings.
We have also picpaied a slide show on watermilfoil control that is available to the public
thiough the Vermont DEC (Objective 6).

Finally, a list of cquipment purchased on the grant from June 1992 to April 1993 is

presented in Table 21.
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Table L. Results of the analysis for sediments collected
from five sites i1n Brownington Pond. Values in the table
are means (+ 1 S.E.). The units for the sediment extraction
samples are mg/g; the units for the interstitial water
samples mg/l; the units for sediment density are g/ml.

Variable Site
Natives South South West West
Bed Shallow Bed Shallow
Sediment

Extractions

ab b ab a ab
Exch. NHy 0.099 0.034 0.056 0.134 0.069
(0.014) (0.016) (0.017) (0.035) (0.011)
a a a a a
Exch. K 0.074 0.050 0.088 0.109 0.075
(0.027) (0.017) (0.032) (0.008) (0.017)
Availlable a a a a a
POy 0.147 0.131 0.145 0.173 0.162
(0.013) (0.003) (0.032) (0.016) (0.020)
Interstitial
Water
a b ab a ab
NH4 -N 2.88 0.68 1.17 3.16 1.33
(0.38) {(0.20) (0.22) (0.90) (0.20)
a a a a a
SRP 0.010 0.006 0.006 0.031 0.007
(0.003) (0.003) (0.004) (0.010) {0.001)
a a a a a
Fe 0.24 0.35 0.63 0.45 0.17
(0.13) (0.L17) (0.13) (0.04) (0.02)
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Table 1.
Sediment

Density

% Organic
Matter

Containued.

0.057
.009)

48.2
(0.

0.059
(0.003)

41.26
(1.47)

a

a a
0.070 0.073 0.069
(0.015) (0.004) (0.004)
a a a
30.46 35.46 41.63
(6.07) (1.05) (0.87)
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Table 2. Dominant macroinvertebrate taxa associated with M.
spacatum 1n the South Bed in Brownington Pond in 1992.
Samples were collected using the Super Sampler (MIS). Data
in the table are mean number (+ 1 S.E.) of individuals per
gram (dry weight) of M. spicatum. Five samples were taken
on each date. Stataistical comparisons were made using an
ANOVA with Tukey's test on log transformed data. Means with
the same letter are not significantly different.

Taxon Date
8/6 29/6 20/7 10/8
Annelida
Oligochaeta 0.4 a 3.5 ab 5.4 ab 3.9 b
(0.3) {1.5) (2.7) (L.1)
Arthropoda
Amphipoda
Hyallela 12.1 a 13.5 a 18.0 a 20.8 a
(4.5) (4.5) {7.0) (3.4)
Cladocera 5.1 a 1.4 a 0.2 a 12.2 a
(1.9) (1.4) (0.2) (10.3)
Hydracarina 9.0 a 7.8 a 2.2 a 11.6 a
(L.8) (2.7) (0.7) (4.5)
Insecta
Coleoptera
Buhryvzhicopsais 1.8 a 1.2 a 2.3 a 2.1 a
(L.4) (0.7) {(0.7) (0.7)
Diptera
Chironomidae 42.5 a 74.4 a 39.1 a 14.6 a
(L2.5) (34.7) (6.7) (2.9)
Ephemeroptera
Caenis 63.3 a 48.8 ab 13.4 b 2.7 c
(L3.1) (12.4) (2.0) (L.2)
Lepidoptera
Acentiia 2.4 a 0.4 a 0.6 a 0.4 a
{(1.0) (0.4) (0.6) (0.4)
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Table 2 Centainued.

Cdonata
Anisoptera

Zygoptera
Enal lacqma

Ti:ichoptera

Oxyvethira

Trioenodes
Leptocercu

Ceraclea

Platyhelminthes
Planariidae

Mollusca
Castiropoda

Amnicola

Phvsa

Planorbidae

37.

Q

ab

a 0.
(0.

ab 0
(0

a 0.
(0.

a <0
(<0

a 0
(0

a 0
(0

ab <0
(<0

a 0.
(0.

C 24
(10

ab 5
(2.

a 5.
(5.

a 0
(0.

b 0
(0.

ab 2.
(L.

a 0
(0

a 0
(0.

a 0.
(0.

b 0
(0.

a 1.
(0.

bc 155.
(60.

bc 11.
(4.

a 0.
(0.
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Table 3. Dominant macroinvertebrate taxa associated with M.
spicatum in the West Bed in Brownington Pond in 1992.
Samples were collected using the Super Sampler (MIS). Data
in the table are mean number (+ 1 S.E.) of individuals per
gram {dry weight) of M. spicdtum. Five samples were taken
on each date. Statistical comparisons were made using an
ANOVA with Tukey's test on log transformed data. Means with
the same letter are not significantly different.

Taxon Date
8/6 29/6 20/7 10/8
Annelida
Oligochaeta 6.0 ab 13.3 a 0.9 b 8.3 a
(L.8) (L.6) (0.2) {(4.1)
Arthropoda
Amphipoda
Hyallela 13.5 ab 8.8 b 21.6 ab 36.2 a
(4.2) (2.3) (5.1) {(4.3)
Cladocera 2 a 1.8 a 0.0 a 0.5 a
(L.2) (L.7) (0.0) (0.3)
Hydracaraina 14.6 a 10.3 a 3.2 a 11.5 a
(3.7) (4.7) (1.4) {4.0)
Insecta
Ccleoptera
Euhrychicpsis 1.1 a 1.8 a 3.6 a 3.0 a
(0.2) (0.86) (0.8) (0.8)
Diptera
Chironomidae 10.6 a 5.2 a 8.7 a 1.6 a
(3.5) (L.7) (3.1) (0.4)
Ephemeroptera
Caenis 8.0 a 3.4 a 0.2 b 0.2 b
(2.5) (0.8) (0.1) (0.2)
Lepadoplera
Acenttiia 5.2 a 2.5 ab 0.4 bc 0.0 c¢
(L.7) (L.6) (0.2) (0.0)
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Table 3 Continued.

Odonata
Anisoptera

Zygoptera
Enallaqma

Trichoptera
QOxvethira

Qeceltis
Traiaenodes
Leptocercus
Ceraclea

c

Platyhelminthes
Planariidae

Mollusca
Gastropoda

Amnicola
Fhvsa

Planorbidae

a

a

0.0 a

2.3 ab

1.2 ab

0.3 a 0
(0.1) (0
0.3 Db 0
(0.1) (0
0.2 a 2
(0.2) (1
0.1 b 0
(0.1) (0
0.4 a 0
(0.3) (0
0.0 b 0
(0.0) (0
0.1 a 0
(0.1) (0
0.6 a 2
(0.3) (0

24.2 a 100.
(5.1) (19.
7.9 ab 24.
(3.1) (7.
1.2 ab 0
(0.4) (0

ab

ab
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Table 4. The total number of E. lecontei, A. nivea and P.
badiusalis collected in the Super Samples (both M. spicatum
and native plants) taken in 1991 and 1992. For M. spicatum
n=38 in 1991 and n=40 in 1992; for P. amplifolius n=11 in
1991 and n=16 in 1992; for H. dubia n=11 in 1991 and n=12 in

1992.

Euhrvchiopsis lecontea

P. amplafolius H. dubia M. spicatum
1991 2 . 2 296
1992 1 2 188

Acentria nivea

E. amplifolius H. dubia M. spicatum
1991 20 0 352
1992 12 0 72

Parapoynx badiusalis

P. amplafolius H. dubia M. spicatum
1991 72 11 23
1992 85 16 3
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Table 5A. Dominant macroinvertebrate taxa associated with
long M. spicatum stems from the South Bed in Brownington
Pond (9 June - 14 July, 1992). Samples were collected using
the smaller MIS sampler {(minisampler). Data in the table
are mean number of individuals per stem (+ 1 S.E.). Three
samples were taken on each date.

Taxon Date
9/6 16/6 23/6 30/6 /7 14/7
Annelida
Oligochaeta 1.0 12.3 4.3 40.3 41.3 49 .3
(0.6) (12.3) (0.3) (l6.3) (11.9) (5.2)
Arthropoda
Amphipoda
Hyallela 4.0 - 1.0 3.3 4.0 1.3
(0.86) (0.6) (0.9) (2.0) (0.3)
Cladocera 26.7 2.3 1.0 - - -
(0.9) (2.3) (0.6)
Hydracarina 1.7 1.0 0.7 1.3 0.3 0.3
(0.3) (0.6) (0.3) (0.9) (0.3) (0.3)
Insecta
Coleoptera
Euhiychiopsis 3.7 1.3 1.7 3.3 2.7 1.7
(L.5) (L.3) (0.9) (0.7) (1.2) (0.9)
Gyrinus 0.3 0.7 - 0.3 0.3 -
(0.3) (0.3) (0.3) (0.3)
Diptera
Chironomidae 2.3 0.7 3.3 10.3 8.0 3.3
(1.5) (0.3) (L.7) (7.9) (2.95) (L.5)
Lepidoptera
Acentria 0.3 0.3 0.3 0.3 0.7 0.3
(0.3) (0.3) (0.3) (0.3 (0.7) (0.3)
Odonata
Anisoptera - - - - - -
Zygoptera
Enallagma 1.0 0.3 0.7 - - -
(1.0) (0.3) (0.3)
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Table 54, Continued.

Trichoptera

Oxvethira -
Qecetis 1.3
(0.3)
Coelenterata
Hydra 31L.0
(16.7)
Platyhelminthes
Planariidae 0.3
(0.3)
Mollusca
Gastropoda
Amnicola 6.7
(2.2)
Fhyaa -

Planorbidae (0.7
(0.3)




Table 5B. Dominant macroinvertebrate taxa associated with
long M. spicatum stems from the South Bed in Brownington
Pond (21 July - 25 August, 1992). Samples were collected
using the smaller MIS sampler. Data in the table are mean
number of individuals per stém (+ 1 S.E.). Three samples
weLe taken on each date.

Ta=xon Date

2177 28/7 4/8 11/8 18/8 25/8

Annelida
Oligochaeta 73.3 87.0 63.0 9.7 12.0 5.0
(L7.2) (4.0) (l0.4) (4.8) (5.5) (0.6)

Arthropoda

Amphipoda
Hyallela 4.0 6.7 0.3 - - 1.3
(L.0) (3.7) (0.3) {1.3)
Cladocera - 0.7 0.3 - 17.3 0.3
(0.7) (0.3) (5.4) (0.3)
Hydracaraina 0.7 2.3 0.7 - - 0.7
(0.3) (1.5) (0.3) (0.3)
Insecta
Coleoptera
Euhrvchaiopsas 1.0 3.3 2.0 - 0.7 0.7
(0.6) (0.9) (1.2) (0.7) (0.3)
Gyrinus - 0.7 - - - -
(0.3)
Diptera
Chironcmidae 2.3 1.7 1.3 1.0 2.0 1.7
(0.7) (1.2) (0.3) (0.0) (0.6) (1.2)
Lepidoptera
Acentria 0.7 0.7 - - 0.7 0.3
(0.3) (0.7) (0.7) (0.3)
Qdenata
Aniszoptera - - - - - -
Zygoptera
Enallagma - - - 0.3 0.3 -

8Y



Table 5B. Containued,

Trichoptera

Oxyethira 4.0 2.7

(L.2) (l1.5)
ecebls 0.3 0.3
(0.3) (0.3)

Ceelenterata
Hydra - -

Platyhelminthes

Planariidae 5.7 15.0
(2.3) (8.1)
Mollusca

Gastropoda
Amnicola 5.7 10.3
(0.9) (3.0)
Physa 0.7 4.3
(0.3) {3.3)
FPlanorbidae 1.0 1.7
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Table 6A. Dominant macroinvertebrate taxa associated with
long M. spicatum stems from the West Bed in Brownington Pond
(9 June - 14 July, 1992). Samples were collected using the
smaller MIS sampler. Data in the table are mean number of
individuals per stem (+ 1 S.E.). Three samples were taken
on each date.

Taxon Date

9/6 16/6 23/6 30/6 777 14/7
Annelaida
Oligochaeta 27.3 25.7 63.3 36.7 54.3 25.7

(6.0) (12.0) (7.9) (21.2) (22.9) (19.9)

Arthropoda
amphipoda

Hvallela 1.0 0.7 0.3 0.3 0.7 0.7
(1.0) (0.7) (0.3) (0.3) (0.3) (0.7)
Cladocera 4.0 1.7 9.0 0.7 0.3 0.7
(2.3) (0.9) {(6.7) (0.7) (0.3) {0.7)
Hydracarina - - 1.7 0.7 1.0 3.3
(0.9) (0.7) (1.0) (0.9)
Insecta
Coleoptera
Eulirvchiopsas 3.0 0.3 4.3 2.0 0.7 3.7
(1.2) (0.3) (0.7) (1.0) (0.3) (L.9)
Cyrinus .0 - - 0.7 - 0.3
(2.0) (0.3) {0.3)
Diptera
Chirvonomidae 1.3 2.0 1.7 2.0 0.3 3.3
(0.7) (0.6) (0.9) (1.2) (0.3) (0.7)
Lepidoptera
Acentria 1.3 2.0 - 1.0 1.0 1.0
(0.9) (L.5) (1.0) (0.0) (0.0)
~donata
Anisoptera - - - - - -
Zygoptera
Enallagma - - 0.3 - - -
(0.3)

91



Table 6A. Continued.

Trichoptera

Oxyethaira -
Qecetisg 2.0
(0.6)
Coelenterata
Hydra 130.7
(76.5)
Flatyhelminthes
Planariidae 8.0
(3.5)
Mol lusca
Gastropoda
Amnicola 3.7
(0.9)
Phvsa

Planorbidae 2.3
(1.9)

15.7
(3.2)

16.3
(3.5)

39.
(8.




Table 6B. Dominant macroinvertebrate taxa associated with
long M. spicatum stems from the West Bed in Brownington Pond
(21 July - 25 August, 1992). Samples were collected using
the smaller MIS sampler. Data in the table are mean number
of i1ndividuals per stem (+ 1L S.E.). Three samples were
taken on each date.

Taxon Date
2177 2877 4/8 11/8 18/8 25/8
Annelida
Cligochasta 62.0 62.7 99.0 15.0 23.0 24.0
(8.1) (39.7) (39.1) (4.0) (9.3) (11.5)
Arthropoda
Amghipoda
Hyalliela 3.7 0.7 3.3 3.3 1.0 0.3
(0.7) (0.7) (1.9) (1.9) (1.0) {(0.3)
Cladocera 0.3 0.3 - 1.7 0.7 L.7
(0.3) (0.3) (0.9) (0.7) (0.9)
Hydracarina 0.3 0.3 1.0 0.7 1.3 -
(0.3) (0.3) (0.€) (0.7) (0.7)
Insecta
Coleoptera
Euhrvchiopsis 3.3 3.0 1.7 1.3 1.3 0.3
(0.9) (1.7) (0.7) (0.9) {0.3) {0.3)
Gyrinus - 1.0 - - - -
(L.0)
Diptera
Chironomidae 2.0 1.0 0.7 - - 1.0
(0.6) (1.0) (0.7) {0.6)
Lepidoptera
Acentria 0.3 1.3 0.3 0.3 - 0.3
(0.3) (0.3) (0.3) (0.3) (0.3)
Odonata
Anisoptera - - 0.3 - - -
(0.3)
Zygoptera
Enallagma 0.3 - - - - 0.3
(0.3) (0.3)
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Trichoptera

Oxye N

Oecetls

Coelenterata

Hydra

Platyhelminthes

Planariidae

Mollusca

Gastropoda

Amnicola

Ph\ /52

Planorbidae

able 6B. Continued.

19.
(5.

14.
(4.

7
8)

39.0

(14.8)

(

57.7
35.0)

11.

(7

0

.0)

9
(9

20.
(5.

(5.

0 0.7
2)  (0.3)
- 0.7

(0.7)
.7 20.3
.0) (lC.8)
3 37.0
2) (11.7)
3 5.0
8) (1.5)
0 0.3
6) (0.3)
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Table 7. The abundance of E. lecontei and A. nivea on long
(»50 cm) and short watermilfoil stems in the West Bed. The
samples were taken with the small MIS sampler (Minisampler).
Values in the table are means (+ 1 S.E.). N=3 for all

samples.

Date E. lecontex A. nivea
Long Short Long Short
9 June 3.00 0.67 1.33 0.33
(1.15) (0.67) (0.88) (0.33)
16 June 0.33 0.00 2.00 0.00
{0.33) (0.00) (1.53) (0.00)
23 June 4.33 0.00 0.00 0.00
(0.67) (0.00) (0.00) (0.00)
30 June 2.00 1.67 1.00 0.33
{L.00) (1.67) (1.00) (0.33)
7 July 0.67 0.33 1.00 0.00
{0.33) (0.33) (0.00) (0.00)
14 July 3.67 0.00 1.00 0.00
(1.86) (0.00) (0.00) (0.00)
21 July 3.33 1.00 0.33 0.00
{0.88) (0.00) (0.33) (0.00)
28 July 3.00 0.67 1.33 0.00
(L.73) (0.67) (0.33) (0.00)
4 August 1.67 1.33 0.33 0.00
{0.67) (L.33) (0.33) (0.00)
1l August 1.33 0.00 0.33 0.33
(0.88) (0.00) (0.33) (0.33)
18 August 1.33 0.00 0.00 0.00
(0.33) {(0.00) (0.00) (0.00)
25 August 0.33 0.00 0.33 0.00
(0.33) (0.00) (0.33) (0.00)
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Table 8. The abundance of E. lecontei and A. nivea on long
(>50 ¢m) and short watermilfoil stems in the South Bed. The
samples were taken with the small MIS sampler (Minisampler).
Values 1n the table are means (+ 1 S.E.). N=3 for all
samples.

Date E. lecontei A. nivea
Long Short Long Short
9 June 3.67 - 0.00 0.33 0.67
(1.45) (0.00) (0.33) (0.67)
Lo June 1.33 0.00 0.33 0.00
(1.33) (0.00) (0.33) (0.00)
23 June 1.67 0.00 0.33 0.67
(0.88) (0.00) (0.33) (0.33)
30 June 3.33 0.00 0.33 0.00
(0.67) (0.00) (0.33) (0.00)
7 July 2.67 1.00 0.67 0.00
(1.20) (0.58) (0.67) (0.00)
14 July 1.67 0.67 0.33 0.33
(0.88) (0.33) (0.33) (0.33)
21 July 1.00 0.33 0.67 0.33
(0.58) (0.33) (0.33) (0.33)
28 July 3.33 2.67 0.67 0.00
(0.88) (0.88) (0.67) (0.00)
4 August 2.00 0.33 0.00 0.00
(1.15) (0.33) (0.00) (0.00)
11l August 0.00 0.867 0.00 0.00
(0.00) (0.33) (0.00) (0.00)
18 August 0.67 0.33 0.67 0.00
(0.67) (0.33) (0.67) (0.00)
25 August 0.67 0.00 0.33 0.00
(0.33) (0.00) (0.33) (0.00)
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Table 9. Dominant prey found in the guts of yellow perch
collected in Brownington Pond in June and July of 1992.

Values in the table are frequencies of occurrence.

Prey Taxon Date
25 June 2 July 10 July
Crustacea
Amphipoda
Hyallela 46 31 35
Cladocera 36 0 35
lnsecta
Diptera
Chironomidae L.1 73 31 71
Chironomidae P. 55 46 47
Ceratopogonidae2 46 31 29
Chaohorus L. 27 15 24
Chaoborus P. 27 0 0
Ephemeroptera !
Caenis 73 31 59
Odonata
Tetragoneuria 46 23 48
Enallagma 46 54 29
Mollusca
Fhysa 27 8 12
Chordata
Perch fry 27 39 18
L. = Larvae, P. Pupae

Ceratopngonidae =

Heleidae (used in previous reports).
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Table 10. The effect of weevil damage on stem fragment
Values in the table are

viability: results of Experiment 1.

means (+ 1 S.E).

Variable Treatment F P
Value Value
Control Damaged
Percent of Stems
with Roots 100.0 85.0 2.80 -
(0.0) (9.6)
Rool. Weight (g) 0.257 0.036 37.20 0.0008
(0.018) (0.011)
Change 1n Stem
Length (mm)
Total 114.8 90.7 3.22 -
(6.5) {13.0)
Original 111.7 5.1 45.52 0.0005
(5.6) (5.6)
Lateral 3.1 85.6 33.26 0.0012
(1L.8) (15.4)
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Table 1l1. The response of the dominant macroinvertebrates
found on M. spicatum in Brownington Pond to the exclusion of
fish. Values 1in the table are mean number of a taxon per
gram of watermilfoi1l (+ | S.E.). The treatments were
compared using an ANOVA with ' planned, orthogonal contrasts.
The Fish contrast in the table i1s the comparison of fish vs
no fish, 1.e., the cage treatment vs the cage control and
the control treatments. The Cage contrast tests for a cage
effect and compares the cage control vs the control. The
ANOVA was performed on log(X+l) transformed data.
Significance levels are as follows: # p<0.l1 (marginally
significant), * p<0.05, ** p<0.01, *** p<0.001. Ct=Control,
Cc=Cage Control, Ca=Cage.

Taxon Treatment Contrast
ct Cc Ca Fish Cage
Insecta
Coleoptera
(0.64) (1.03) (0.40)
Diptera
Chironemidae 8.85 9.34 5.02 - -
(3.98) {2.51) (1.08)
Ceratepogonidae 6.03 2.87 3.49 - -
{(2.17) {(0.65) (L.Ll1)
Ephemeroptera
Caenis 8.26 10.94 5.02 - -
(2.90) (3.66) (0.65)
Lepidoptera
Acentria 0.06 0.23 0.05 - #
(0.06) (0.12) (0.03)
Odonata
Anisoptera 0.27 0.46 0.29 - -
(0.09) (0.19) (0.60)
Zygoptera
Enallagma 0.42 0.87 1.58 *x -
(0.23) (0.31) (0.16)
Trichoptera
Oacetas 0.57 0.25 0.33 - -
(0.20) (0.12) (0.12)

9



Table 1l. Continued.

Taxon Treatment Contrast
Ct Cc Ca Fish Cage
Cxyethira 0.99 0.28 0.03 * #

(0.36) (0.15) (0.02)

Triaenodes 0.09 0.29 0.34
(0.09) (0.07) {0.11)

Ceracle 0.38 0.50 0.22 - -
(0.20) (0.15) (0.06)

Crustacea

Amphipcda
Hyulella 12.27 19.19 23.04 - #
(4.95) (2.50) (2.86)
Hydracarina 3.09 6.16 6.52 § B
(L.11) (1.99) (0.67)
Gastropoda
Amnicola 12.68 7.17 12.99 # *
{3.53) (1.57) (2.40)
Physa 9.62 11.95 15.45 # -
(1.56) (2.00) (1.48)
Immature
Planorbidae? 7.78 10.36 11.96 - -
(2.00) (1.98) (1.66)
Platyhelminthes
Planaria 0.43 0.32 0.18 - -
(0.18) (0.19) (0.08)
Oligochaeta 13.32 1.92 2.12 * *
(5.24) (0.54) (0.86)
Hirudinea 1.84 1.46 0.87 - -
{0.76) (0.39) (0.08)

1l - E. leconter adults and larvae combined.
2 - Immature Planorbidae consists of Gyraulus sp. and
Helisoma sp.
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Table 12. The effect of weevil and Acentria feeding on the
height of original stems(cm) for the last three weeks of the
enclosure experiment conducted in Brownington Pond in 1992.
Values in the table are treatment means (+ 1 S.E.).
Treatment means that are significantly different (p<0.05)
from one another have different letters next to them.

Date Treatment

Control Acentria Control Weevil

a a b
3 August 94.61 90.78 79.29
(3.54) (1.22) (3.26)

a a b
10 August 96.11 90.89 75.42
(2.47) (1.68) (3.19)

a a b
17 August 94.39 91.17 70.79

(3.51) (0.44) (3.59)
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Table 13. The mean (+ 1 S.E.)

number of weevils (larvae,

pupae and adults) per meristem collected at three sites in
Lake Bomoseen in 1992 duraing stem transects. Data are from
i.e., samples from harvested
and unharvested sites are combined.

all samples taken at a site,

Site N Number of weevils
per meristem

Neshube Island 19 0.042 (0.012)

East Eckley N. 17 0.039 (0.007)

East Eckley S.1 19

All Saites
Combined 19

0.048 (0.010)

0.042 (0.006)

l- This site was not harvested in 1992.
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Table 14. The effect of mechanical harvesting on weevil
abundance (larvae, pupae and adults) in 1992. Data are from
the stem transects at three sites in Lake Bomoseen. Values
1n the table are the mean (+ 1 S.E.) numbers of weevils per
meristem. Differences between harvested and unharvested
areas compared using ANOVA; data were square root
transformed for the analysis.

Site N Harvested Unharvested p value

Neshobe I. 19 0.011 0.074 0.012
(0.004) (0.024)

Bast Eckley N. 17 0.024 0.055 0.043
(0.006) (0.012)

East Eckley S.1 19 0.046 0.051 0.772
(0.011) (0.013)

All Sites

Combined 2 L9 0.026 0.058 0.006
(0.005) (0.010)

1- This site was not harvested in 1992.
2- There were no significant differences among sites
(p=0.444) when harvest and no harvest data were pooled.
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Table 15. The distribution of weevils (larvae, pupae and
adults) with respect to water depth in 1992. Data are from
the stem transects at three sites in Lake Bomoseen. Values
in the table are the mean (+ 1l S.E.) numbers of weevils per
meraistem. Differences between shallow and decp areas
compared using ANOVA; data were square root transformed for
the analysis.

Site N Shallow Deep p value

Neshobe I. 15 1 0.056 0.050 0.896
(0.016) (0.017)

East Eckley N. 15 0.078 0.009 0.001
(0.016) (0.004)

East Eckley $.2 15 0.081 0.028 0.013
(0.016) (0.010)

All Sites

Combined 3 15 0.071 0.029 0.001
(0.011) (0.005)

1- Shallow-deep comparisons were started later in the summer
thus the reduced number of samples compared with Tables
13 and 14.

2~ This site was not harvested in 1992.

3- There were no significant differences among sites
(p=0.578) when shallow and deep data were pooled.
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Table 16. The mean number (+ 1 S.E.) of weevils (all life
stages) collected per date at each site in Lake Bomoseen for
1921 and 1992. The data are from the stem transects and
samples from approximately the same dates for each year were
compared. For each comparison n=12.

Year Site
Neshobe Eckleyl Neshobe +
Eckley
1991 12.08 2.08 14.17
(L.48) (0.57) (1L.92)
L992 4.94 3.58 8.53
(0.88) (0.77) (1.06)
T Statistic 3.966 1.501 2.395
p value 0.001 0.148 0.026

1- Eckley samples are just for E. Eckley South which was the
only area in Eckley Bay which was sampled both years.
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Table 17. Results of the ANOVA of the super sample data
from the harvested and unharvested areas at Neshobe Island
in Lake Bomoseen in 1992. Samples were collected on 30
June, 27 July 31 August. Three samples were taken in both
the harvested and unharvested areas on each date. The ANOVA
was performed on log transformed data. The table presents
the level of significance (i.e., based on p values) of
watermilfoil biomass and major taxa for the effects of date
and harvesting.

Taxon Effect

" Date Harvesting

Milfoil Dry Weight - * %

Invertebrates

Oligochaeta * -
Arthropoda
Crustacea
Amphipoda - -
Isopoda * *
Hydracarina # #
Ilnsecta
Euhrvchiopzas * *
Chironomidae * -
Caenis * ok *
Zygoptera * -
Agravlea - -
Oxyethira * -
Orthotrichia * -
Mollusca
Gastropoda
Planorbidae * ok ok -
Anmnicola * ok k -
Physa # -
Significance levels: - not significant, # marginally

significant (p<0.10), * p<0.05, ** p<0.0l, *** p<0.001.
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Table 18. The number of intact plants for each macrophyte
species i1in each of the three treatments for the native
macrophyte trials.

Macrophyte Treatment
Species
0 weevils 2 Weevils 4 Weevils

Ceratophyvllum 5 6 4
<chara 4 4 6
Elodeg 5 4 4
Heteranthera 6 6 6
Megalodonta 5 6 6
M. sibiricum 4 3 2
P. amplifolaiug 6 6 6
Utricularia ) 5 6
Valligsneria 6 6 6

107



Table 19. The average number of weevils surviving per
chamber (2 and 4 weevil treatments feor natives and the M.
spicatum controls (4 weevils/chamber)) in the native plant
trials. N=6 for the native plant treatments and n=3 for the
M. spicatum controls.

llative Species Treatment
Trial
2 Weevils 4 Weevils M. spicatum
Control
Ceratophyllum 0.50 0.00 1.75
Chara 0.33 1.00 4.00
Elodea 0.00 0.00 2.00
Heteranthera 0.00 0.00 2.67
Meyalodonta 0.33 0.67 4.00
M. sibiricum 1.17 1.83 2.67
P. amgllfgllus1 - - -
Urricularia 0.66 2 1.33 2 3.00
Vallisneria 0.17 0.33 4.00

1- Weevil survivorship not recorded for P. amplifolius.
2- The Utricularia experiment was terminated early (after
only seven days) .
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Table 20. A list of the six primary objectives of this study
and the work conducted during the 1992 field season that
addresses these cbjectives. As the ideas in the objectives
overlap, some projects are listed under two or more
objectives.

Objective 1. Determine the probable cause(s) of the
Eurasian watermilfoil decline in Brownington Pond.

-all Brownington Pond (BP) research

Objective 2. Examine the grazing/boring effects of all
major herbivores on Eurasian watermilfoil and native aquatac
plant species.

-Wading Pool Experiment (BP)

-Stem Fragment Viability Experiment (BP)
-Herbivore Enclosure Experiment (BP)

-Nat Lve Plant Experiments (Middlebury (M))

Objective 3. Determine the feasibility of herbaivore
introductions into other milfoil-infested lakes in Vermont.

-Weevil culture data (M)

-Weevil transect data (Lake Bomoseen (LB))

-Introductaions at Norton Brook, Van Vleck's and
Betourney's (M)

Objective 4. Determine 1f Lake Bomoseen 1s a suitable site
for herbivore aintroductions/collect pre-introduction base-
line data.

-Weevil transect data (LB)

Objective 5. If determined to be feasible and appropriate
based con previous research (a high likelihood of success and
relatively free from causing negative impacts to non-target
specles), use herbivorous insects to control Eurasian
watermilfoil in Lake Bomoseen.

-augmentation of weevils at Eckley Bay (LB)

Chjective 6. Develop a public education program to keep
Vermont's citizens abreast of the results of the research.

-pLresentations given hy Sheldon and Creed
-slide show on watermilfoil control prepared (M)

109



Table 21. Equipment purchased on the EPA grant from June
1991 to Aprail 1992.

Item Amount

Post Script Option for 329.00
1BM Printer

Statistix (Statistical

package for Zenith
laptop computer) 201.00

Underwater Camera 252.86

110



FIGURE LEGENDS

Figure 1. The distribution of watermilfoil in Brownington Pond in 1991 (A) and 1992
(B).

Figurc 2 A and B. Water temperatures in Brownington Pond for 1992. Tempeiatures
were recorded with maximum/minimum thermometers suspended (.5 m below the
sutface and 0.5 m above the bottom. Values in figures are means (+ 1 S.E.) for two pairs
of thermometers located around the pond. A. Surface temperatures. B. Bottom
temperatuies.

Figure 3 A - C. Results of the plant transects for the West Bed in 1992. Burs represent
the meun (+ 1 S.E.) lhomass of watermilfoil or combined native macrophyte species
(=0ther).

Figme 4 A - C. Results of the plant transects for the South Bed in 1992. Bars represent
the mcan (+ 1 S.E.) biomass of watermilfoil or combined native macrophyte species
(=Other).

Figurc 5 A - C. Results of the plant transects for the West Bed: 1990-1992. The figures
for cach ycar rcpresent samples taken at about the same time of year. Bars represent the
mcan (+ 1 S.E.) biomass of watermilfoil or other muaciophyte species.

Figuic 6 A - C. Results of the plant trunsects for the South Bed: 1990-1992. The figures
for cach yeuar 1epresent samples taken at about the same time of year. Bars represent the

mcan (+ | S.E.) biomass of watermilfoil or other macrophyte species.

Figure 7. Maps of the percent cover of Eurasian watcimilfoil in the South Grid, West
Bed tor once date in 1991 and three dates in 1992.

Figure 8. Maps of the percent cover of Eurasian watermifoil i the North Grid. West
Bed for onc date i 1991 and three dates in 1992.

Figure 9. Maps of the percent cover of Eurasian watermilfoil in the West Grid. South
Bed for one date in 1991 and three dates in 1992,

Figure 10. Maps of the percent cover of Eurasian watermlfoil in the East Grid, South
Bed for onc date in 1991 and three dates in 1992.

Figurc 1. Maps of the percent cover of Eurasian waternulfoil for the West Bed: 1990-
1992, The figuies for cach grid 1epresent the last map for each year.

Figure 12. Maps of the pereent cover of Eurasiun watermilfoil for the South Bed: 1990-
1992, The tigwies for each gnd 1epresent the last map for euch year.



Figuie 13. Curasian watermilfoill and weevil abundance in the West Bed from 1990-
1992. A. Waternulfoil biomass (meun + | S.E.). Data for 1990 are from a series of
quadrat sumples. The number of sumples for a given date 1anges from three to six. Data
for 1991 and 1992 are from the plant transccts. All samples from the 2.0-3.5 m depth
intervals were used (n=9 for each datc). B. Wcewvil ubundance as mean (+ |1 S.E.)
number of adults and larvae per stem. Samples were collccted using the small MIS
sampler. N=5 for all dates in 1990 and 1991. N=3 for all samplcs in 1992,

Figurc 14. Eurasian wateimilfoil and weevil abundance in the South Bed from 1990-
1992. A. Watcrmulfoil bromass (meun + 1 S.E.). Data for 1990 are from a series of
quadrat samples. The number of sumples for a given date ranges from three to six. Data
for 1991 and 1992 are from the plant transects. All samples from the 2.0-3.5 m depth
intervals were used (n=Y for each date). B. Weevil abundance as mean (+ 1 S.E.)
number of adults and Lnvac per stem. Samples were collected using the small MIS
sampler. N=5 for all dates in 1990 and 1991. N=3 for all samples in 1992.

Figure 15 A and B. Results of the stem transects in the West Bed in Brownington Pond
in 1992. The data in the figure are the mean (+ | S.E.) number of eggs found associated
with A) waternulforl stems with intact apical meristems and B) waternulfoil stems
without intact apical menstems.

Figurc 16 A and B. Results of the stem transects in the West Bed in Brownington Pond
in 1992 The data in the figme we the mean (+ 1 S.E.) number of meristem larvae found
associated with A) watcimlfoil stems with intact apical meristems and B) watermitfoil
stems without intact apical meristems.

Figuic 17 A and B. Results of the stem transects in the West Bed in Biownington Pond
in 1992, The data in the figure are the mean (+ 1 S.E.) number of stem larvae found
associated with A) watermilfoil stems with intact apical meristems and B) watermilfoil
stems without intact apical meristems.

Figuie 18 A and B. Results of the stem transcets in the South Bed in Brownington Pond
in 1992, The duta in the figure are the mean (+ 1 S.E.) number of eggs found associated
with A) watermlfoil stems with intact apical meristems and B) watermilfoil stems
without intact apical meristems.

Figure 19 A and B. Results of the stem transects in the South Bed in Brownington Pond
in 1992, The data in the figue are the mean (+ | S.E.) number of meristem larvae found
assocrated with A) watcinmlforl stems with intact apical menstems and B) waternulfoil
stems without intact apical mernistems.

Figure 20 A and B. Results of the stem transects in the South Bed in Brownington Pond
m 1992, The data in the figuie are the mean (+ 1 S.E.) number of stem larvae found
associated with A) watermlfoil stems with intact apical menstems and B) watermilfoil
stems without intact apical meristems.
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Figurc 21 A - C. The effect of feeding by Euhiychiopsis and Acentria lurvae on
watermilfoil plants. The bars in the histogram represent the mean change in a response
variable (+ | S.E.) for each trcatment. The hines with significance values above the
histograms show the results of ANOV A compurisons with orthogonal contrasts. In each
figurc. the upper line repicsents the comparison of the control vs the herbivore
trcatments: the middle hine represents the comparison of the weevil tieatment versus the
two ticatments containing Acentria larvae: The lowest line represents the comparison of
the Acentrid alone ticatment versus the treatment with both the Acentnia and the
Euhiychiopsis kurvac (combined). A. Change in plant weight (in grams). B. Change in
plant length (in mulhimeters). C. Change in the number of whorls per plant.

Figure 22. A and B. The effect of weevil dumage on the viability of watermulfoil stem
fragments. The bais in the histogram represent the mean change in a response variable
(+ 1 S E.) for each treatment. The lines with significance values above the histograms
show the results of ANOVA comparisons with orthogonal contrasts. In each figure, the
upper line repiesents the comparison of the undamaged control fragments (C) vs the
dumaged fragments (D): the lower line on the left represents the comparison of the
unshaded control treatment (CU) vs the shaded control treatment (CS): the lower line on
the 1ight represents the comparison of the unshaded damaged stem treatment (DU) vs the
shaded damaged stem treatment (DS) A. Percent of stems with roots. B Root weight
{1 grams).

Figuie 23. A - C. The cffect of weevil damage on the viability of waternulfoil stem
fragments. The bars in the lustogram represent the mean change n a response variable
(+ 1 S.E.) for each ticatment. The lines with significance values above the histograms
show the 1esults of ANOVA comparisons with orthogonal contrasts. In each figure, the
upper line 1iepiesents the companison of the undamaged control fragments (C) vs the
damaged fragments (D): the lower line on the left represents the comparison of the
unshaded control treatment (CU) vs the shaded control treatiment (CS): the lower line on
the right represents the comparison of the unshaded damaged stem treatment (DU) vs the
shaded damaged stem treatment (DS) A. Total stem tissue produced. B. Stem tissue
produced by the onginal stem. C. Stem ussue produced by the lateral stems.

Figurc 24. Results of the Brownmgton Pond enclosure expeniment. The data shown
mc tude the total watermulfoil biomass per tcatment (sohd black bais) plus the
distribution of that biomass by 1ts components (i.e., origmal stem biomass, lateral stem
bromass and root biomass). The bars represent mean biomass (+ 1 S.E.). Treatments
connceted by the same letter are not significantly different.

Figuic 25. The location of study sites in Lake Bomoseen, Vermont.
Frigwe 26. The totul number of all E. lccontei life stages (larvae, pupae and adults)

sampled in hinvested and unharvested areas for all three sites (Neshobe 1., East Eckley
North and East Eckley South) combined. Data are from the stem transects.
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Figure 27. A comparison of the total number of all E. lecontei hife stages (larvae, pupae
and adults) sampled in harvested and unharvested areas at the thiee sites. Data are from
the stem transects. A. Neshobe I. B. East Eckley North. C. East Eckley South.

Figure 28. The mean number of weevils per meristem on watermilifoil in shallow and
deep water at the thice sites (Neshobe I.. East Eckley North and East Eckley South) in
Lake Bomoseen in 1992, Data are from the stem transects. The bars represent the mean
(+ | S.E.) abundance of weevils in euch of these habituts (n=15 for each site).

Figuwc 29. The number of each life stage of E. lecontei, sunimed for all sites, for each
week in A) 1991 and B) 1992,

Figuic 3. The effect of adult weevils on change in length (cm) for nine species of
native aquatic macrophytes. Bars in the histogram represent the mean (+1 S E.) length of
intact plants for each of the specics for each of the three weevil treatments.

Figure 31. The effect of adult weevils on change i wet weight (g) for eight species of
native aquatic macrophytes. Bars in the histogram repiesent the mean (+1 S.E.) wet
weight of cach of the species for each of the three weevil treatments. Utricularia is not
included in this figure in order to expand the scale for the remaining seven species.
Utricularia weight data are discussed in the text. N=6 for all species except for the 2-

weevil tieatment for M. sibiricum where n=4.

Figute 32. Myriophyllum spicatum average dry weight (+ 1 S.E., n=3) in enclosures
with and without weevils, and 1in open water in Norton Brook Pond.

Figure 33. Maciomvertebiates i enclosures with and without weevils. and in open water

in Notton Brook Pond. A. Average number (+ | S.E.) of macromvertebrates excluding
zooplankton. B. Average taxa nichness (+ 1 S.E.. n=3).
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Figure 16.
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Figure 17.
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Figure 18.
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Figure 19.
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Figure 20.
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Figure 25.

'S
[N e
TRt S . 37
[y Loes -S| ey
7 a2 N,
< LA L

)-J.ﬁ.-.\--.vn-o C

..l.- s le

S gsis
S I

[T RS

.oy -,
U
I

©o¥...

Sty Nenatene

0
.
g -.-.Vw-ﬂ-n-n.ﬂ-h-'.- ~s-\ Q0

......-......\.....
;e -
5 3 (LTI s
TelaleleS PeS 5
>z}

0 (o CTR LTl
8g.° "

Lake Bomoseen
Sampling Sites 1992
7



TOTAL NUMBER OF WEEVILS

Figure 26.

WEEVILS IN HARVESTED AND UNHARVESTED AREAS

Harvest, All sites
I No Harvest, All sites

10

b e e A A S
Pttt e

6/15
6/22
6/29
/6
127
8/3
8/10
817
8/24
8/31
7
914
9/21
9/28



Figure 27.

WEEVILS IN HARVESTED AND UNHARVESTED AREAS
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Number of weevils per meristem

Figure 28.

Mean number of weevils per meristem in shallow
and deep areas of Lake Bomoseen 1992
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Figure 29,

Bomoseen weevil transects 1991
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Figure 31l.
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