) M o:YC\:\ Yo0)
Monitor and Evaluate the Impacts of Herbivorous

Insects on Eurasian Watermilfoil Growth in
Chautauqua Lake, New York

2002 Project Completion Report

i P 3
‘-TS’tebbin_e; Cu% 3
SOUTHERN TIER EXPY.

Prepared by:

Cornell University Research Ponds
Department of Ecology and Evolutionary Biology
Corson Hall, Cornell University
Ithaca, NY 14853



PREFACE

This report summarizes a cooperative project between the Chautauqua Lake Association, Chautauqua
County Government, and the Department of Ecology and Evolutionary Biology, Cornell University,
Ithaca, NY. In this report we present data and maps detailing the natural distribution and seasonal
abundance of two important biological controls of the plant pest Eurasian watermilfoil, the larvae of
the aquatic Pyralid moth Acentria ephemerella, and the milfoil weevil Euhrychiopsis lecontei. In
addition, we outline the progress of the first year of an experimental augmentation of Acentria
ephemerella in the southern basin of Chautauqua Lake in 2002.
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SUMMARY

Eurasian Watermilfoil Herbivore Survey

Chautauqua Lake’s Eurasian watermilfoil supports extensive feeding by insect herbivores. We
found the aquatic weevil Euhrychiopsis lecontei in substantial numbers throughout the lake. The
aquatic moth Acentria ephemerella is less abundant but in significant numbers in the northern basin.

The weevil caused extensive damage to the watermilfoil primarily in mid-summer by mining
the stem by the larvae. Some areas of the lake sustained more weevil herbivore damage than other
locations and at somewhat different times during the watermilfoil growing season. Location B at
Greenhurst in the southern basin had extensive damage to watermilfoil, which we will assess
carefully this year. Locations C and H near the Camp Merz-Lighthouse Point area had large weevil
densities along with many moth larvae and the watermilfoil suffered a lot of damage by these
herbivores. These areas will receive special attention in the coming season to assess any lasting
effect by the herbivory.

Damage by the aquatic moth appeared at locations C, D, H, and J all in the northern basin.
While moth populations seem small from our population estimates they may be sufficient to cause
enough damage early and late in the watermilfoil-growing season to suppress future growth of
watermilfoil and allow competition from desirable native plant species.

Differences in aquatic plant communities, specifically density and diversity of plants appeared
to be great from one location of the lake to another. We need to assess if insect herbivory plays any
role in this difference. All sampling locations on the lake are identified by GPS coordinates which
will allow future investigations the ability to get back to original sample points.

Acentria Moth Additions in Chautauqua Lake

An estimated total of 100,000 moth larvae were released into the Grass Island area in replicated
plots at differing densities in 2002. In the spring and early summer of 2003 we will evaluate this
release by estimating insect numbers, plant damage by herbivory and plant abundance.

Greenhouse production of moth larvae continues at Cornell with future additions into
Chautauqua Lake planned. Evaluation of 2002 data and consultation with the CLA will determine
future locations for releases.

Augmentation will continue in order to assess the effectiveness of our present methods and to
aid in development of better methods of production and releases.
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INTRODUCTION

The purpose of this project is to determine the indigenous population of two insect herbivores, the
aquatic moth A centria ephemerella and the native aquatic weevil Euhrychiopsis lecontei that feed on
Chautauqua Lake’s Eurasian watermilfoil. We will also conduct a replicated in-lake study within the
area agreed upon jointly with the Chautauqua Lake Association Inc. to evaluate the effect of adding
moth larvae to watermilfoil beds in the lake. Our monitoring will include quantitative sampling of
herbivore numbers and ratings of watermilfoil apical meristem damage. We will use methods
previously developed by us to sample quantitatively herbivore numbers, and rate herbivore damage to
watermilfoil. Eurasian watermilfoil, Myriophyllum spicatum L. is the leading submersed aquatic plant
problem in New York lakes, and the major nuisance weed in Chautauqua Lake. Eurasian watermilfoil
is native to Asia, Europe, and northern Africa, new to North America after introduction between the
1880°s to the 1940’s. This non-native submersed species is extremely aggressive, grows rapidly to the
surface, and spreads from lake to lake. Watermilfoil forms a dense canopy at the surface that prevents
sunlight from penetrating down into the water column. Desirable native aquatic plants grow at a
slower rate, and lose their struggle with Eurasian watermilfoil for available sunlight and space within
the submersed aquatic plant community.

Several researchers in the states of Minnesota (Newman and Biesboer 2000; Newman et al. 1996),
Vermont (Creed and Sheldon 1995; Creed and Sheldon 1994), Wisconsin (Jester 1998), and our work
in New York (Gross et al. 2001; Johnson et al. 2000; Johnson et al. 1998), show these two insect
herbivores, the aquatic moth, and the aquatic weevil causing extensive damage to Eurasian
watermilfoil. We have a long-term data set of submersed aquatic plant biomass that shows a sudden
decrease in watermilfoil within Cayuga Lake, New York. Associated with the now vanishing
watermilfoil is the occurrence of the aquatic moth Acentria ephemerella Denis & Schiffermuller (=
Acentria nivea Olivier). A. ephemerella is a tiny pyralid moth first recorded in North American in
1927 near Montreal, Canada. This exotic species is present throughout the St. Lawrence and Great
Lakes drainage basins west to the Missouri River Valley in Iowa. This moth larva identified in the
northwestern corner of Cayuga Lake in 1991 eats the apical meristem (the growing tip) of this
watermilfoil. Laboratory and lake enclosure experiments at Cornell (Gross et al. 2001; VanDusen et
al. 1998) show that a very small amount of larval moth feeding on the apical meristem affects the
growth of watermilfoil. This grazing destroys the ability of that growing tip to continue its journey to
the surface.

The native aquatic weevil, Eukrychiopsis lecontei is the other herbivore studied by several
researchers as a potential biological control agent for watermilfoil. We continue to study and assess
the weevil’s potential to control watermilfoil growth in Dryden Lake and several other New York
lakes. Encouraging results with high weevil populations on neighboring Findley Lake and weevil
damage in several lakes warrant our assessing the current population of this insect herbivore in
Chautauqua Lake along with the moth. However, we feel that the moth has the greater potential for
success in the control of Eurasian watermilfoil in a large lake like Chautauqua. These aquatic insect
herbivores restrict the growth of Eurasian watermilfoil, and therefore have the potential to improve our
submersed aquatic plant communities in New York lakes. Our research objective is to assess the
potential of using these aquatic insects as biological control agents to limit Eurasian watermilfoil
growth in Chautauqua Lake. A possible insect biological control may offer a long-term cost effective
measure in the battle against the exotic Eurasian watermilfoil.
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METHODS
Herbivore Population Surveys

At each sampling location and on selected dates during 2002 in Chautauqua Lake
(see Maps 1 and 2), we randomly collected a series of aquatic plant samples using a
grapple hook. In the boat, we haphazardly selected a total of 25 watermilfoil stems from
our grapple hook samples. We then pinched off the top 25 cm of each stem for our
sample. We placed each sample, or apical stem, into an individually marked plastic
zipper bag, labeled with an identification number (one number per stem) and the sample
location (letter corresponding to the location sampled in the lake). We stored all samples
in a cooler chest for transport to our laboratory.

In the lab, we refrigerated all samples until we were able to examine each apical stem
individually. Apical stems and herbivores store well in the refrigerator for up to two
weeks, and we freeze any samples that we need to keep any longer. At the time of
examination, we place each apical stem under a stereoscopic dissecting microscope. We
dissect each stem and evaluate the entire sample, recording numbers and types of
herbivores found, evidence of herbivore use (retreats, cocoons, or pupal chambers), and
watermilfoil tissue damage (leaflet damage, stem mining, missing or grazed apical
meristems).

For each apical stem, we qualify and quantify all watermilfoil tissue damage using a
standard scoring system developed at the Cornell Research Ponds (see page 5). Finally,
we calculate the numbers of weevils and moths per apical stem of watermilfoil, including
individuals of all life stages (eggs, larvae, pupae, and adults). We present these results in
figures A —N on pages 10 — 23 and in the appendix on page 26. Using this standard
protocol, we are able to determine which herbivore is likely responsible for which
damage and to assess the amounts of damage caused to the watermilfoil by each of the
herbivores.

Acentria Augmentation Study

We introduced Moth larvae raised in a greenhouse at Cornell into the study plots
indicated on Map 3. We placed 10,000 moth larvae into each of these three “high” plots
during the summer of 2002 (see Map 3). On December 19, 2002 we distributed 15,900
moth larvae into each of these same three “high” plots and placed 7,500 moth larvae into
each of three “low” plots. Three “control” plots did not receive any moth larvae and we
will compare the controls to the treated plots in the spring of 2003 when we evaluate the
success of the augmentation.



Our System to Rate Herbivore Damage on Watermilfoil Apical Stem Samples

Score — indications
0 No Evidence of Damage (Healthy)

All healthy, intact apical stem samples

1 Minor Damage (Minor)

One of the following types of damage:
a) 1 apical meristem with minor damage (a few leaflets gone from tip)
b) minor leaflet damage (a few leaflets gone from 1-2 parts of sample)

c) minor stem damage (1-4 scars and/or under 2 cm of stem mined)

2 Moderate Damage (Moderate)

One apical meristem moderately or extensively damaged (many leaflets gone from tip,
deformed or missing tip)

Or 1 or more weevil pupal chambers or moth cocoons

And/Or any combination of two or more of the following types of damage:

a) 1 or more apical meristems with minor damage (a few leaflets gone from tip)
b) minor leaflet damage (a few leaflets gone from 1-2 parts of sample)

¢) minor stem damage (1-4 scars and/or under 2 cm of stem mined)

3 Severe Damage (Extensive)

One apical meristem with extensive damage Plus one of the following types of damage:

a) moderate leaflet damage (several leaflets gone in 2-4 different places)

b) moderate stem damage (4-8 scars and/or 2-4 cm of stem mined)

Or 2 or more apical meristems with moderate or extensive damage

4  Extreme Damage (Destroyed)

One or More apical meristems with extensive damage Plus one of the following types of damage:
a) extensive leaflet damage (some leaflets gone in more than 4 places)
and pupal chambers or moth cocoons/retreats or midge retreats or caddis cases
b) extensive stem damage (more than 8 scars and/or more than 4 cm of stem mined)

and pupal chambers or moth cocoons/retreats or midge retreats or caddis cases
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Map 1. Location of 2002 Eurasian watermilfoil sampling locations by UTM coordinates (NAD27,
magnetic north) for the monitoring of Eurasian watermilfoil herbivores in the southern basin.
Location of the Moth larvae augmentation plots is also indicated.



I st
=3 e
L A e I
\ ; i - /E | =
L3 %
J 0624389 4677437 ]
. T \
.3 C 0624826 4676501
H 0624881 4676416
Locations C, D, E, F, H and J are
locations monitored in 2002 and
proposed to be monitored in 2003
by CLA and Cormell University to
estimate populations of, and damage
caused by, herbivores feeding on
Eurasian watermilfoil.
=
D 0627411 4672791 i
BoatLau 0628714 4671758
E 0628355 4670952
F 0630016 4669103
P
iy
Bemle 3 5 M0G0 Feem bevelh RO Setwes SLETT —_—

Map 2. Location of 2002 Eurasian watermilfoil sampling locations by UTM coordinates (NAD27,
magnetic north) for the monitoring of Eurasian watermilfoil herbivores in the northern basin.
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Map 3. Location of nine study plots (10m x 10m ea.) for the Acentria augmentation study, depicting two
treatment levels within the southern basin of Chautauqua Lake. Plots labeled as “high” received 15,900
larvae each, plots labeled “low” received 7,500 larvae each, and “control” plots received no larvae.
Stocking occurred through the ice on December 19, 2002. Previously, each of the “high” plots received
10,000 larvae (3,333+ on 6/20/02, 3,333+ on 7/2/02, and 3,333+ on 7/9/02) in the summer.



RESULTS

We recorded substantial numbers of indigenous insect herbivores feeding on Eurasian
watermilfoil in Chautauqua Lake in 2002. We found large numbers of the aquatic weevil
Euhrychiopsis throughout the lake both in the southern and northern basin, while we recorded the
moth Acentria in significant numbers only in the northern basin. We show the estimated density of
herbivores at 10 locations on the lake with graphs for each individual location through the growing
season of Eurasian watermilfoil. Figures A —J show weevil densities (all life forms — adults, eggs,
larvae and pupae) in the top graphs at different labeled locations in the lake (see Maps 1 and 2).
The bottom graphs on figures A — J show our estimate of damage to the Eurasian watermilfoil
apical stems at each location through the season.

Generally, as weevil populations increase in mid-summer, Eurasian watermilfoil begins to show
heavy damage due to feeding by the weevil. In some cases like location A and I in the southern
basin (Burtis Bay area), the watermilfoil declines in July but begins to recover in late August with
continued growth in the fall. While location B at Greenhurst had somewhat smaller numbers of
weevils we recorded heavy damage by herbivory at this location with complete loss of watermilfoil
plants in the fall. The weevils also damaged significant amounts of watermilfoil in the northern
basin in mid-season particularly at locations C, D, H and J.

The moth Acentria populations also relatively high in the northern basin appeared to play a role
in the damage to the watermilfoil. In fact if we look at the numbers of moth larvae + pupae and the
numbers of weevil larvae + pupae at locations C, D, H, and J shown in figures K - N through the
watermilfoil growing season they are not all that different. The larvae and pupating life forms of
each insect cause the most damage so it is important to compare those densities. The appearance of
a less dense Eurasian watermilfoil community in this northern basin may be due to factors like
water depth and sediment types, but it also may have something to do with the addition of moth
herbivory. The herbivore monitoring in 2002 will serve as the basis of comparison for continued
monitoring in 2003.

The other major part of our project on Chautauqua Lake in 2002 is the addition of Acentria
moth larvae in the Grass Island area of Burtis Bay. The southern basin showed only three moth
larvae all season, with those found at location B. Therefore, for practical purposes the southern
basin has almost no Acentria moths, unlike the northern basin. Production of moth larvae in the
greenhouse appears to be successful in producing the large numbers required to be able to measure
changes in insect populations in the field due to augmentation. Our additions of moth larvae went
well in the summer and through the ice in December. The evaluation of this replicated experiment
will be this spring and early summer. The technique of applying moth larvae through the ice or
introducing in the very early spring appears to have the most promise. One late fall augmentation in
2001 at Lincoln Pond in the Adirondacks showed positive results in the spring of 2002.
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Figure A. Mean weevils (all life stages) + 1SE recorded per 25cm apical stem at location
A (n =25 apical stems). Herbivore damage to 25cm apical stems of Eurasian watermilfoil at
location A shown as a mean rating + 1SE of herbivore damage to 25 apical stems.

Herbivore damage ranges from 0 = no damage to 4 = apical tip destroyed.
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Estimated Weevil Populations at Location B
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Figure B. Mean weevils (all life stages) = 1SE recorded per 25¢m apical stem at location B
(n =25 apical stems). Herbivore damage to 25cm apical stems of Eurasian watermilfoil at
location B shown as a mean rating = 1SE of herbivore damage to 25 apical stems.

Herbivore damage ranges from 0 = no damage to 4 = apical tip destroyed.
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Estimated Weevil Populations at Location C
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Figure C. Mean weevils (all life stages) + 1SE recorded per 25c¢m apical stem at location C
(n =25 apical stems). Herbivore damage to 25cm apical stems of Eurasian watermilfoil at
location C shown as a mean rating + 1SE of herbivore damage to 25 apical stems.

Herbivore damage ranges from 0 = no damage to 4 = apical tip destroyed.



Estimated Weevil Populations at Location D
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Figure D. Mean weevils (all life stages) + 1SE recorded per 25¢m apical stem at location
D (n = 25 apical stems). Herbivore damage to 25cm apical stems of Eurasian watermilfoil at
location D shown as a mean rating + 1SE of herbivore damage to 25 apical stems.

Herbivore damage ranges from 0 = no damage to 4 = apical tip destroyed.



Estimated Weevil Populations at Location E
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Figure E.  Mean weevils (all life stages) + 1SE recorded per 25¢m apical stem at location E
(n =25 apical stems). Herbivore damage to 25cm apical stems of Eurasian watermilfoil at
location E shown as a mean rating + 1SE of herbivore damage to 25 apical stems. Herbivore

damage ranges from 0 = no damage to 4 = apical tip destroyed.



Estimated Weevil Populations at Location F
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Figure F.  Mean weevils (all life stages) + 1SE recorded per 25cm apical stem at location F
(n= 25 apical stems). Herbivore damage to 25¢m apical stems of Eurasian watermilfoil at
location F shown as a mean rating + 1SE of herbivore damage to 25 apical stems. Herbivore
damage ranges from 0 = no damage to 4 = apical tip destroyed.
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Estimated Weevil Populations at Location G

4 — +1SE
n=25

w
|

Weevils / Apical Stem
—_ ]
| |

T T
|6r’20 | ?}24 8;’I21 9/12 1{)I;’3 1 llf’l 1
6/13 712 2002

Herbivore Damage to EWM at Location G

ol 0 _ +1SE _Healthy
§ n=25

& .

o 1= | Minor

&0

[av]

g 2 Mod

A - | Moderate
=

2 )
w3 | Extensive
E

<% 4|V | Destroyed

| 1 | 1 1 |
|6I2OI 7/24 8/21 9/12 10/3 11/11
6/1 7/2
3 2002

Figure G.  Mean weevils (all life stages) + 1SE recorded per 25cm apical stem at location
G (n =25 apical stems). Herbivore damage to 25¢m apical stems of Eurasian watermilfoil at
location G shown as a mean rating + 1SE of herbivore damage to 25 apical stems.

Herbivore damage ranges from 0 = no damage to 4 = apical tip destroyed.
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Estimated Weevil Populations at Location H
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Figure H.  Mean weevils (all life stages) = 1SE recorded per 25cm apical stem at location
H (n = 25 apical stems). Herbivore damage to 25c¢m apical stems of Eurasian watermilfoil at
location H shown as a mean rating + 1SE of herbivore damage to 25 apical stems.

Herbivore damage ranges from 0 = no damage to 4 = apical tip destroyed.
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Estimated Weevil Populations at L.ocation I
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Figure I.  Mean weevils (all life stages) + 1SE recorded per 25cm apical stem at location I
(n =25 apical stems). Herbivore damage to 25cm apical stems of Eurasian watermilfoil at
location I shown as a mean rating = 1SE of herbivore damage to 25 apical stems. Herbivore
damage ranges from 0 = no damage to 4 = apical tip destroyed.
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Estimated Weevil Populations at Location J
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Figure J. Mean weevils (all life stages) + 1SE recorded per 25cm apical stem at location J
(n =25 apical stems). Herbivore damage to 25c¢m apical stems of Eurasian watermilfoil at
location J shown as a mean rating + 1SE of herbivore damage to 25 apical stems. Herbivore
damage ranges from 0 = no damage to 4 = apical tip destroyed.
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Moth Larvae+Pupae Populations at Location C
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Figure K. Top - Mean larvae + pupae of the moth + 1SE recorded per 25cm apical
stem at location C (n =25 apical stems). Bottom - Mean larvae + pupae of the
weevil + 1SE recorded per 25¢m apical stem at location C (n = 25 apical stems).
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Figure L. Top - Mean larvae + pupae of the moth + 1SE recorded per 25cm apical
stem at location D (n = 25 apical stems). Bottom - Mean larvae + pupae of the
weevil + 1SE recorded per 25cm apical stem at location D (n = 25 apical stems).
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Figure M. Top - Mean larvae + pupae of the moth + 1SE recorded per 25¢m apical
stem at location H (n = 25 apical stems). Bottom - Mean larvae + pupae of the
weevil = 1SE recorded per 25¢m apical stem at location H (n = 25 apical stems).
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Moth Larvae+Pupae Populations at Location J
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Figure N. Top - Mean larvae + pupae of the moth + 1SE recorded per 25cm apical
stem at location J (n = 25 apical stems). Bottom - Mean larvae + pupae of the
weevil + 1SE recorded per 25cm apical stem at location J (n = 25 apical stems).
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DISCUSSION

Our study on Chautauqua Lake in 2002 resulted in some interesting observations that may
provide us with important information that will help explain the extent of Eurasian watermilfoil
herbivory caused by the weevil and moth, and guide us in a direction that may yield positive
results. Because of the large size of Chautauqua Lake there is a great variety of plant densities,
plant diversity and water depths. This gave us a variety of results in herbivore species, and
densities that changed through the sampling season. We also recorded large changes in the
health of the watermilfoil as a result of the amount of herbivory the milfoil received. This
hopefully will give us a greater chance to find some locations where herbivory by one or both of
these insects will result in a significant change in Eurasian watermilfoil abundance.

The amount of herbivory that is taking place on Chautauqua Lake presently by the large
populations of weevils is not sufficient to cause significant declines of watermilfoil growth that
the public will accept as an adequate control of excessive growth. Although other researchers
believe the weevil can cause a decline in watermilfoil abundance, we have not seen it. We are
still hopeful that the weevil will be effective and will continue to study its potential. We do have
many indications that the aquatic moth is more effective and has the greater potential to cause a
decline in watermilfoil abundance. Past researchers in the 1970s and 1980s looked at the
potential of the moth as a biological control agent for Eurasian watermilfoil and while they did
not dismiss it, they decided it was not worth pursuing (Buckingham and Ross 1981; Batra 1977).
However, recent studies suggest that the moth may have sufficient potential as a biological
control agent (Gross et al. 2001; Johnson et al. 2000; Johnson et al.1998; Creed and Sheldon
1994). . .

Challenges for the future will be determining what adequate densities of herbivores are
necessary to cause a decrease in watermilfoil abundance. We have a good idea but it needs more
testing. A major barrier that must be assessed is the issue of predation on these herbivores by
small fish. It appears that fish species and densities may be a determining factor that decides if
an herbivore population can increase to sufficient numbers to cause extensive damage to
Eurasian watermilfoil (Sutter and Newman 1997).

Lastly, we need to improve our methods of augmentation of these herbivores to improve
their changes of survival and reproduction. This is what we will be trying out on Chautauqua
Lake to enhance our potential for success. We know it works in the laboratory and in enclosures
in lakes, and now is the time to assess open lake releases.

24



REFERENCES

Batra, S. W. T. 1977. Bionomics of the aquatic moth Acentropus niveus (Oliver), a
potential biological control agent for Eurasian watermilfoil and Hydrilla. New York
Entomological Society 85: 143-152.

Buckingham GR. and BM Ross. 1981. Notes on the biology and host specificity of

Acentria nivea (=Acentropus niveus). Journal of Aquatic Plant Management 19:32-
36.

Creed, RP, Jr. and SP Sheldon. 1994. The effect of two herbivorous insect larvae on
Eurasian watermilfoil. J. Aquatic Plant Manage. 32: 21-26.

Creed, RP, and Sheldon SP. 1995. Weevils and watermilfoil: Did a North American
herbivore cause the decline of an exotic plant? Ecological Applications 5 (4):1113-
1121.

Jester, LL. 1998. The geographic distribution of the aquatic milfoil weevil (Euhrychiopsis
lecontei) and factors influencing its density in Wisconsin lakes. College of Natural
Resources, University of Wisconsin. Stevens Point, Wisconsin 78 pp.

Johnson RL, EM Gross, and NG Hairston, Jr. 1998. Decline of the invasive submersed
macrophyte Myriophyllum spicatum (Haloragaceae) associated with herbivory by
larvae of Acentria ephemerella (Lepidoptera). Aquatic Ecology 31:273-282.

Johnson, RL., PJ Van Dusen, JA Toner, and NG Hairston, Jr. 2000. Eurasian
Watermilfoil Biomass Associated with Insect Herbivores in New York. Journal of
Aquatic Plant Management 38 (2) 82-88.

Newman RM, KL. Holmberg, DD Biesboer, BG Penner. 1996. Effects of a potential
biocontrol agent, Euhrychiopsis lecontei, on Eurasian watermilfoil in experimental
tanks. Aquat Bot 53:131-150.

Newman, R. M. and D. D. Biesboer. 2000. A decline of Eurasian watermilfoil in
Minnesota associated with the milfoil weevil, Fuhrychiopsis lecontei. Journal of
Aquatic Plant Management 38: 105-111.

Sutter, T.J. and R. M. Newman. 1997. Is Predation by Sunfish (Lepomis spp.) an
Important Source of Mortality for the Eurasian Watermilfoil Biocontrol Agent
Euhrychiopsis lecontei? Journal of Freshwater Ecology 12 (2) 225-232.

Van Dusen, P. J., J. A. Toner and R. L. Johnson. 1998. Aquatic Vegetation Control
Program Tompkins County NY. Division of Biological Sciences, Section of
Ecology and Systematics. Cornell University. Ithaca, NY. 1998 Final Report to
the Tompkins County Planning Department 37 pp.

25



Appendix: Survey of Invertebrate Herbivores and their Damage to Eurasian Watermilfoil (EWM)

Mean Numbers of Weevils and Moths on EWM Apical Stems and a Rating of Mean Damage to those

EWM Apical Stems.
Weevils
Collection Location Apical per St Error Moths per St_Error Damage St_Error
Apical Apical
Date stems Stem weevils Stem moths Rating  Rating

5/30/2002 A 25 0.16 0.09 0.00 0.00 1.00 0.19
6/13/2002 A 25 1.52 0.42 0.00 0.00 2.08 0.21
6/20/2002 A 25 0.60 0.21 0.00 0.00 1.64 0.22

7/2/2002 A 25 1.64 0.56 0.00 0.00 2.44 0.12

7/9/2002 A 25 0.60 0.26 0.00 0.00 2.60 0.10
7/24/2002 A 25 1.72 0.52 0.00 0.00 2.44 0.15
8/21/2002 A 25 2.60 0.71 0.00 0.00 2.28 0.19
9/12/2002 A 24 0.88 0.38 0.00 0.00 2.21 0.16
10/3/2002 A 25 0.36 0.14 0.00 0.00 1.76 0.13
11/11/2002 A 25 0.00 0.00 0.00 0.00 1.20 0.21
5/30/2002 B 25 0.56 0.15 0.12 0.07 0.60 0.12
6/13/2002 B 25 0.52 0.16 0.00 0.00 1.44 0.24
6/20/2002 B 25 0.44 0.14 0.00 0.00 1.44 0.27

7/2/2002 B 25 0.84 0.31 0.00 0.00 1.24 0.23
7/24/2002 B 25 0.88 0.23 0.00 0.00 1.84 0.24
8/21/2002 B 25 2.08 0.57 0.08 0.06 2.32 0.20
9/12/2002 B 25 0.12 0.09 0.00 0.00 3.12 0.09
10/3/2002 B 25 0.00 0.00 0.00 0.00 3.00 0.00
11/11/2002 B 25 0.00 0.00 0.00 0.00 4.00 0.00
5/30/2002 C 25 0.20 0.10 0.56 0.13 1.96 0.20
6/13/2002 C 25 0.80 0.34 0.24 0.09 1.48 0.20

7/2/2002 C 25 1.84 0.51 0.36 0.19 2.40 0.23
7/24/2002 C 25 0.84 0.24 0.08 0.06 3.08 0.11
8/21/2002 C 25 1.20 0.28 0.16 0.07 2.76 0.16
9/12/2002 C 25 1.12 0.22 0.44 0.17 3.28 0.15
10/3/2002 C 26 0.08 0.05 0.27 0.09 2.92 0.13
11/11/2002 C 25 0.00 0.00 0.12 0.07 2.76 0.10
5/30/2002 D 25 0.00 0.00 0.12 0.07 0.64 0.20
6/13/2002 D 25 0.00 0.00 0.00 0.00 0.36 0.15
7/24/2002 D 25 0.64 0.19 0.12 0.07 2.72 0.16
8/21/2002 D 25 1.40 0.34 0.16 0.09 3.08 0.11
9/12/2002 D 25 1.12 0.25 1.00 0.21 3.40 0.13
10/3/2002 D 24 0.00 0.00 0.38 0.16 3.33 0.10
11/11/2002 D 25 0.00 0.00 0.08 0.06 2.28 0.17
5/30/2002 E 25 0.76 0.26 0.00 0.00 0.48 0.14
6/13/2002 E 25 1.36 0.19 0.00 0.00 1.44 0.20
7/24/2002 E 25 0.80 0.35 0.00 0.00 2.96 0.23
8/21/2002 E 25 1.00 0.35 0.00 0.00 2.28 0.20
9/12/2002 E 25 2.04 0.44 0.00 0.00 2.84 0.14
10/3/2002 E 25 0.00 0.00 0.00 0.00 2.24 0.19
11/11/2002 E 25 0.00 0.00 0.00 0.00 2.56 0.10




5/30/2002 F 25 0.00 0.00 0.00 0.00 0.52 0.16
6/13/2002 F 25 0.00 0.00 0.00 0.00 0.16 0.09
7/24/2002 F 25 0.08 0.06 0.00 0.00 1.36 0.16
8/21/2002 F 25 0.64 0.21 0.04 0.04 1.16 0.23
9/12/2002 F 25 0.96 0.34 0.00 0.00 3.08 0.15
10/3/2002 F 25 0.04 0.04 0.00 0.00 2.52 0.17
11/11/2002 F 25 0.00 0.00 0.00 0.00 2.96 0.09
6/13/2002 G 23 0.96 0.24 0.00 0.00 1.78 0.20
6/20/2002 G 25 0.44 0.13 0.00 0.00 1.84 0.20

7/2/2002 G 25 0.40 0.25 0.00 0.00 1.88 0.19
7/24/2002 G 25 0.28 0.14 0.00 0.00 1.44 0.22
8/21/2002 G 25 0.56 0.16 0.00 0.00 2.28 0.17
9/12/2002 G 25 0.44 0.16 0.00 0.00 3.16 0.14
10/3/2002 G 25 0.04 0.04 0.00 0.00 2.44 0.20
11/11/2002 G 25 0.00 0.00 0.00 0.00 2.24 0.09
6/13/2002 H 25 1.12 0.29 0.12 0.07 1.32 0.20

7/2/2002 H 25 2.68 0.77 0.04 0.04 2.56 0.25
7/24/2002 H 25 1.40 0.34 0.00 0.00 3.40 0.15
8/21/2002 H 25 1.00 0.28 0.16 0.07 3.04 0.17
9/12/2002 H 25 0.72 0.28 0.32 0.11 3.20 0.12
10/3/2002 H 25 0.04 0.04 0.52 0.14 3.12 0.11
11/11/2002 H 25 0.00 0.00 0.16 0.07 2.60 0.12
6/20/2002 I 25 0.32 0.11 0.00 0.00 1.16 0.29

7/2/2002 I 25 0.56 0.21 0.00 0.00 1.20 0.20

7/9/2002 I 25 0.96 0.42 0.00 0.00 1.92 0.18
7/24/2002 I 25 2.80 0.57 0.00 0.00 2.60 0.15
8/21/2002 I 25 0.72 0.27 0.00 0.00 2.36 0.28
9/12/2002 I 25 0.48 0.15 0.00 0.00 2.00 0.24
10/3/2002 I 25 0.16 0.07 0.00 0.00 2.24 0.14
11/11/2002 I 25 0.00 0.00 0.00 0.00 1.08 0.16
7/24/2002 J 25 1.32 0.35 0.04 0.04 2.60 0.15
8/21/2002 J 25 1.40 0.38 0.04 0.04 2.72 0.20
9/12/2002 J 25 0.04 0.04 0.12 0.07 3.00 0.12
10/3/2002 J 25 0.04 0.04 0.24 0.14 3.28 0.11
11/11/2002 J 25 0.00 0.00 0.12 0.07 2.64 0.13
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