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UNITED STATESENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460
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OFFICE OF PREVENTION,
PESTICIDES AND TOXIC
SUBSTANCES

March 23, 2004

MEMORANDUM

SUBJECT: EPA Review of Corn Earworm/Cotton Bollworm (Helicover pa zea) North-South
Migration and Its Impact on Resistance Management for Bt Crops [EPA
Registration Nos. 524-489, 68467-2, 67979-1, 29964-3, 524-478, 524-522]
Submitted by ABSTC IRM Technica Subcommittee and Monsanto Company.
ABSTC Submissions dated March 15, 2002 and May 8, 2003 [Decision Number
48527; DP Barcode: D293193; No MRIDS]; and Monsanto Submission dated
January 29, 2004; MRIDs 452425-01, -02; S758117

TO: Michadl Mendelsohn, Senior Regulatory Policy Specidist and
Leonard Cole, Regulatory Action Leader
Microbid Pegticides Branch, Biopesticides and
Pollution Prevention Division (7511C)

FROM: Sharlene R. Matten, Ph.D., Biologist
Microbid Pegticides Branch, Biopesticides and
Pollution Prevention Division (7511C)

PEER

REVIEW: Alan H. Reynolds, M.S,, Entomologist
Microbid Pegticides Branch, Biopesticides and
Pollution Prevention Division (7511C)

ACTION

REQUESTED: To review the submitted data on the extent of corn earworm/cotton bollworm
(Helicoverpa zea) north-south migration and its impact on res stance management
for Bt (Bacillus thuringiensis) crops.
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CONCLUSIONS

Basad on the modding studies submitted by ABSTC, parameterized usng the datain Gould et d.
(2002), CEW reverse migration has no signficant impact (0.05<P) on CEW adaptation to Bt crops.
This study is an acceptable study, no further data are needed.

BACKGROUND

The Bt (Bacillus thuringiens) corn and Bt cotton registrants were required as a condition of
registration to conduct studies or submit existing sudies that evaluate the impacts of north-sourth
movement of corn earworn/cotton bollworm (Helicover pa zea) (Lepidoptera: Noctuidae) (CEW)
from corn-growing regions to cotton-growing regions asit relates to res stance management of CEW.
See EPA’ s 2001 Risks and Benefits Assessment of Bt Crops Biopesticide Registration Action
Document, Section I11 and V. for acomplete description of the terms and conditions of registration for
the Bt corn and Bt cotton PIPs (EPA, 2001). Bollgard Il cotton (EPA Reg. No. 524-522) has the
same north-south CEW migration data requirements as Bollgard cotton (EPA Reg. No. 524-478).

This review will be divided into two basic parts. 1) studies on the extent of CEW north-south migration
and implications and 2) computer modeling to evauate the effect of north-south migration on therisk of
CEW adaptation to Bt corn and Bt cotton in amixed cropping system.. EPA’sreview focuses on the
second ABSTC submission dated May 8, 2003 because it incorporates al of the information/data
provided in the first submission dated March 22, 2002. Monsanto’s January 29, 2004 isidentical to
ABSTC' s May 8, 2003 submission.

SUMMARY OF ABSTC’S SUBMISSION
1. Studieson the extent of CEW north-south migration and implications

Appendix 1 of the May 8, 2003 submission, “Investigations into the extent of corn earworm
(Helicoverpa zea) (Lepidoptera: Noctuidae) migration between corn and cotton growing regions of
the USA and evaluation of the effects on rate of adaptation to Bt corn and Bt cotton,” contains a
summary of what is known about CEW migration, including published studies and a study by Gould et
d. that a the time (March 2002) was unpublished but has since been published as Gould et d. (2002).
Gould et d. (2002) discussed evidence for north-south migration and its potential impact on resistance
management for CEW.

CEW isahighly polyphagous, highly mobile, muiltivoltineinsect. Theinsect is a serious pest on many
crops in eastern and southern United States, especidly its preferred host corn (Johnson et al. 1975),
but it dso feeds on many non-crop hogts. Other host plantsin which H. zea is an economic pest
include cotton, soybean, tomato, soybean, sorghum, vetch, and peanuts. Because H. zea isasgnificant
economic pest of both corn and cotton, adults moving from corn to cotton over the course of the
season from and feeding on varieties expressing Cry ddta-endotoxins from B, the pest may undergo
selection for adaptation to Cry toxins for severa generations each year.
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It has previoudy been assumed by entomologists and in computer models (ILS 1999, Storer 1999)
that there is one-way CEW migration, with the insects tracking the host phenology northwards. Insects
that develop on corn in the southern U.S. would in the summer migrate to flowering corn in the northern
U.S. It was then assumed that these insects die in the north as they are unable to survive the winter.
Alldesfor adaptation (resistance) to Cry1 toxins (for example) selected on Bt corn in the Midwest
would therefore not be transmitted to the following year’ s population. Gould at EPA’s Federa
Insecticide, Fungicide, and Rodenticide Act Scientific Advisory Panel Meeting Subpand (SAP, 2001)
suggested that a portion of the H. zea population in the Midwest may move back to the south in late
summer and fdl, and thusin theory, may be able to contribute res stance genes to the next year's
population.

To sdect for adapation to Cryl toxinsin the Midwest that contribute to selection in the CEW
populaion as awhole, ABSTC indicates that following conditions would have to be met:

“1. There would have to be ahigh level of crossresstance to the Cry toxinsin Bt corn
(Cry1Ab and Cry1F) and those in cotton (Cry1Ac).

2. Weather systems would have to facilitate the long-distance dispersal from north to south
in the fall. Such weeather sysems must occur at atime when moths are emerging from Bt
cornfields in the corn-growing regions.

3. The numbers of insects returning would have to be significant compared with the number
that are resdent in the cotton-growing region.

4. The migraing insects mugt remain sufficiently fit to compete for mates with the resident
population in the cotton-growing region.

5. The insects must return to a place where, and at atime when, host plants are available
and auitable to maintain the next generation’ s larva development to pupation.

6. Such migration must be consstently successful across years.

7. Findly, for such migration to increase the rate of CEW adaptation to Cry1 toxins, the
migrating population must have undergone more intense selection pressure than the
resdent population.”

Fitt (1989) reviewed evidence for long-range migration of CEW in North America. Other noctuids,
black cutworm (Agrotisipsilon) and fal amyworm (Spodoptera frugiperda) have also been shown
to migrate from southern overwintering aress to the Corn Bdt. Long distance migration in dl of these
insects was associated with passage in weather fronts. Showers (1997) provided evidence for the
return migration of A. ipsilon on southernly air mass flowsin the fal from lowato Louisanaand Texas.
Pair et a. (1987) presented evidence that return H. zea migration can occur from north Texasto the
Lower Rio Grande Valley.

Gould et a. (2002) provide indirect evidence for migration of CEW moths from the other corn-growing
regions to the cotton-growing regions. Data were collected from two locations— Bosser Parish,
Louisanaand College Station, Texas. The timing and extent of reverse migration gppears to vary
considerably from year to year (Gould et d. 2002, figs. 2, 3, and 4). Gould et d. (2002) point out that
at the time of apparent reverse migration, thereis very little vegetation that is capable of supporting
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larva development in Texas. Thismeansthat it is unlikely that any migrating moths (from the north) can
contribute to the loca over-wintering population. However, if the moths can move further south into
more tropica areasin which they would contribute to the loca over-wintering population then their
genes could contribute to the persisting population. There may be localy suitable host plantsin the
Cotton Belt other than in the area of Texas examined so amigrating population could be important.

ABSTC notes that Gould et d. (2002) did not address the point that cotton in the areas investigated is
treated for CEW either by Bt PIPs, applied chemical insecticides, or both. Bt PIPs and insecticides are
very effective a reducing boll damage and CEW larvd surviva by 80% or more. This meansthat the
number of moths produced in cotton would be relatively smal compared to the number of eggslaid in
cotton. The converse Stuation is true for Midwest corn, which is seldom if ever treated for CEW, and
25 to 25% of which is Bt corn. ABSTC suggests that care should be taken when interpreting the
Gould et d. (2002) datathat the relative importance of sdection in the Corn Bt versus the Cotton Belt
not be overdtated.

2. Computer Modeling

Description of the Model

If the immigrant populaion Bt-res stance frequency is different from the native population, due to
different net sdlection pressures in the Corn and Cotton Bdlts, then the migration phenomenon will ater
predictions of the rate of local and population-wide adaptation. ABSTC used a computer modd to
quantify how migration may impact adaptation rates under arange of different circumstances. The
spatidly-explicit model of CEW adapation to corn and cotton (Storer et a. 2003) was adapted to
incorporate south-north migration in the spring and north-south migration in the summer.  Effectively,
two modeswere run in pardle for the summer generations. one for the cotton-growing region and one
for the corn-growing region. The Storer et d. (2003) moded focused on CEW adaptation in eastern
North-Carolina; however, dternations to the adaption risk in that region are likely to be quantitatively
samilar to the aternations to the risk in other regions. The scenerios modeled were based on the
avallable data and the conclusions of Gould et a. (2002). Sengtivity andyses were conducted to
examine the range of possible effects, in terms of the timing and extent of migration, and the levels of Bt
corn adoption in this region.

The key assumptions of the mode include:

A corn, cotton and soybean are crop hosts for CEW;

A weed hosts are available at the start of the season and end of the season,

A complete cross-resistance among the three Cry1 toxins (Cry1Ab, CrylAc, CrylF);

A additive functiond dominance of dlde for adgptation (h = 0.5);

A migration occurs pre-mating (as indicated by field studies on mating and flight behavior in
Helicoverpa spp.); and

A migration occurs to the same extent every year.

These assumptions are highly conservetive for the following reasons.
A there are other abundant crop and non-crop hosts for CEW that are ignored in the modd;
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A little or no cross-resistance may exist for the Cry1 toxinsin corn;
A the resstance dlelesin naturd populations may be recessive; and
A migration extent varies from year to year and location to location (see Gould et d. 2002).

The effects of severd parameters were investigated through a sengtivity andyss.

“1. pcmigS = nomina percent of adult CEW population in the south in the late summer thet is
made up of immigrants. It is nomina because it is based on the population size prior to the
introduction of Bt cotton. Because Bt cotton reduced the native population, the immigrant
population represents alarger proportion of the south population after Bt is introduced.

2. returndate = date at which return migrants actualy return — this affects how successful they
can be in generating a subsequent population in the south

3. Nnnpe = nomina dengity of CEW larvae in northern Corn Belt. This parameter affects the
intengity of cannibaism in Midwest corn and thus the selection pressure for resstance

(Storer et d. 2003). It isnomind becauseit is based on pre-Bt population Sizes. Because Bt
crops reduce the population size, the actud insect dengty islower after Bt is introduced.

4. pcmigN = percent of CEW adult population that migrates from the south to the north for the
summer

5. BtcerN = proportion of corn in the north that is planted to Bt varieties

6. BtcrS= proportion of corn in the south that is planted to Bt varieties

7. Btct = proportion of cotton that is planted to Bt varieties

8. Npsoy = proportion of CEW in the north that utilize soybean as a host rather than corn

9. winter = season duration (days). Like returndate, this influences the proportion of return
migrants that can complete devel opment before the end of the year.”

Three st of runs were conducted to examine the effects of these parameters.

“A) pcmigSx returndate in a3 x 3 factoria design to examine the interaction of these two factors
on the rate of adaptation. pcmigS was set at 0, 25, and 50% returning, returndate was set at day
100, 105 and 110.

B) Effect of return migration (i.e. pcmigS= 0 or 50%) on adaptation rate at two or three values
of each of parameters 3 through 9. Parameter va ues were chosen to capture what seemed like a
reasonable range based on current knowledge. Because knowledge of severd of these vaduesis
sparse, or because the red world vaues could change, generaly the range tested was very broad.
Thevaduestested aregivenin Table 1.

C) Extreme case run, where dl parameters were set a vaues that are likely to cause the greatest
acceleration of the rate of adaptation (i.e. biggest contrast between selection in north and south).
Thesevdues are given in Table 1. They are set o that selection is greatest in the north, lowest

in the south, and there is the highest possible proportion of insects returning from the north and

the highest probahiility of returning populations becoming established. The vaues are

congrained by what is permitted (in terms of Bt crop deployment) and what is biologicaly
feasble”

Modd output was the resistance gene frequency after 15 years of deploying Bt corn and Bt cotton.
Three to five runs were made at each parameter setting. Output was analyzed by ANOVA
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(completely randomized design) to examine the effects of return migration and interaction with other
parameters on gene frequency. When significant effects or interactions were found, the magnitude of the
effect was cdculated as the change in the adaptation rate:

In(Q.15/Qo)IN(Q.15/Qo) - 1, Eq. 1

where Q, 5 isthe r-allele frequency after 15 years with return migration, Q.5 isther-dlele
frequency after 15 years without return migration, and Qoistheinitia r-alde frequency. This
cdculation gives the proportionate change in time to a given r-adlde frequency due to return
migration. Despite the model for the Cotton Belt being parameterized for North Caroling, this
datistic enables generd inferences to be drawn on the impact of return migration on resstance
evolution in other parts of the Cotton Belt.

Results and Discussion of the Model

Table 2 gives F vaduesfor dl the andyses. There were two significant effects/intereactions and two
weeker interactions (0.05<P<0.01) noted in these mode runs when one parameter was varied a a
time. There was no sgnificant interaction between pcmigS and retur ndate meaning that even with the
50-60% CEW migrating from the north inferred by Gould et a. (2002) and producing pupae, there
was no effect of return migration on gene frequency.

There was, however, aweak interaction between the percentage of Bt corn planted in the north
(BtcrN) and return migration. At 80% Bt corn in the north, return migration increased the 15-year gene
frequency from 2.2e3 to 2.4e3, an increase in adaptation rate (Eq. 1) of 2%. At 30% Bt cornin the
north, return migration decreased the 15-year gene frequency from 2.3e® to 2.1e, adecreasein
adaptation rate of 4%. Thus, even with extreme adoption rates of Bt corn of 80%, return migration had
very little effect on adgptation rate in the south.

There was atrend for return migration to dow resstance evolution when investigating the percentage of
insects moving north (pecmigN). Thisis due to the returning population having alower r-alee
frequency than the resdent population. The main decrease in adaptation rate due to return migration
was 5% (Fy1,=0.05).

Two of the parameters had significant main effects on the 15-year r-dlde frequency: increasing the
percentage of Bt corn (BtcrS) or Bt cotton (Btct) in the south increased the 15-year r-alele frequency.
These effects are expected because the percentage of Bt corn and Bt cotton determine the intendty of
selection exerted on the insects feeding in these two crops. At the highest level of Bt cotton
deployment smulated (95%), selection in the south is most intense and return migrants are expected to
reduce the adaptation rate by introducing a population that has experienced lower sdection. However,
thismodd suggests that even under this scenario, return migration would not sgnificantly affect the rate
of adaptation.
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Figure 1 displays what might happen if dl of the parameters were set to extreme values (Table 1, last
column). These are the vaues that are expected to most enhance the effect of return migration. Under
these circumstances, the effect of return migration was non-significant, but there was atrend
(0.05<P<0.1) for this effect, F, ,=3.96, P=0.082 (Figure 1). At these parameter setting, return
migration increased the rate of CEW adaptation to Bt crops by 10%. For example, if Bt crops were
expected to be effacious againgt CEW for 25 years without considering return migration, then in the
mogt extreme case, with return migration, one might expect these cropsto be efficacious for at least
22.5 years when return migration is considered.

Modeling Study Conclusions

This modeling study, parameterized using data on the possible extent of return migration

in Gould et d. (2002), shows that north-south migration could only ever have avery limited
impact on the rate of corn earworm adaptation to Bt crops. Under current levels of Bt crop
deployment (30% Bt corn in the Corn Belt, 60% Bt cotton deployment in the Cotton Belt), return
migration is expected to marginally dow corn earworm adaptation. Under the greatest levels of

Bt corn deployment that are possible in the Corn Belt (80% Bt corn), this migration could
margindly speed the rate of adaptation, but only under conditions where sdection in the Cotton
Bdt isat thelow end of the range investigated (60% Bt cotton).

EPA REVIEW

Gould et a. (2002) used stable carbon isotope analysis to assess dternate host use by CEW. They
found that non-Bt C, plants, probably corn, in Mexico and the U.S. Corn Belt appear to serve as
important dternate hosts (non-structured refuge) for CEW. Late-season CEW moths captured in
Louisana and Texas maybe migrants whose larvae developed on corn in more northern locations.
These authors provide indirect evidence (they did not establish the origin of these moths, i.e.,, which C,
or C; plants and the distances they are migrating) for migration of CEW from corn-growing areasin
the northern U.S. to cotton-growing areain the southern U.S. These findings counter the prevailing
hypothesis that the mgjority of late-season moths are produced from larvae feeding on cotton, soybean,
and other C; plants. The authors conclude that when C, plants are suitable (e.g., corn), less than 10%
of CEW moths are developing on cotton, and that later in the season, 50% of the moths are produced
in cotton and soybean. Corn is most likely serving as the predominant C, host for CEW. Southern
corn is probably an important C, host for early season; while, the Corn-Belt corn serves as an
important C, host for mid-season. Currently, approximately 30% of the corn acreage is planted as Bt
corn. The authors conclude that the non- Bt corn refuge is probably more critica to CEW resstance
management than the rdaively smdl non- Bt cotton structure refuge, and this non- Bt corn refuge
should be maintained. Gould et d. (2002) state that the 50% non- Bt corn refuge in cotton-growing
areas should be maintained. AsABSTC note in their review, Gould et d. (2002) did not discuss the
impact that insecticides of Bt cotton might have had on the production of CEW moths in cotton as one
reason why moth production in cotton is so low.
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Basad on the modding studies submitted by ABSTC parameterized using the datain Gould et dl.
(2002), CEW reverse migration has no significant impact (0.05<P) on CEW adaptation to Bt crops.
EPA agreeswith ABSTC' sanalyss and conclusions. Under current levels of Bt crop deployment
(30% Bt corn and 60% Bt cotton), return migration is expected to dow adaption by about four percent
(4%). Evenif Bt corn reached its maximum dlowable level of 80% deployment in the Corn Belt,
reverse migration would only increase the rate of adaptation by about two percent (2%) if Bt cotton
was at 60% deployment, the low end of the range investigated. Even if extreme parameters were used
in the model, reverse migration would be predicted to have a 10% impact on CEW adaptation.
However, it is extremely remote that dl of these parameter conditions would be met in the field year
after year. Modeling studies indicated that the percentage of Bt cotton and Bt corn in the south
ggnificantly increases the 15-year r-dlde frequency, but return migration did not sgnificantly affect the
rate of adaptation even when Bt cotton was at 95% deployment

This study is an acceptable study, no further data are needed.
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Tables1 and 2 reprinted from p. 13 of the May 8, 2003 submission.

Table 1. Parameter values used to examine effect of return migration on corn earworm
adaptation to Bt crops.

Parameter Default value Values tested Extreme case
pemigs 50% (0%, 50% 75%
refurndate 103 [0, 150, 110 1015

Nnnpe 2 0.35,2 2

pemigh 30% 10, 30, 50% 0%

BierN 0%, 30, 50, 80%% 20%

Bicrs 20%5 20, 50, 8% 0%

Bict H0% 45, 60, 70, 80, 95%, 6%

Npsoy 50% 10, 50% [0%%

winter |23 |23, 130 [30

Table 2. Analysis of variance for effect of return migration and input parameters on corn
earworm adaptation to Bl crops

Parameter Parameter x return return migration main | parameter main effect
migration interaction | effect
refurndate For=2.13 Fza7 = 0001 Fi.7=0.89
Nnnpe Frag=1.12 Fiag =0.20 Frag=1.35
pemiagN Fii4 =0.05 Fi.14 = 4.06% Fii4 =048
BierN Fays = 3.037 Fiig = 0,96 Fopg=0.34
Bitcrs Fapg=0.15 Fiig =044 Fapg=1318.7%%
Bict Fyqe =043 Fag=0.12 Faje=T0.61%%
Npsoy Figg =200 Fig =042 Frig = 0035
winter Fiig =208 Fiig =003 Frig= 058
Foweak effect (005 <P = 0.10)

# sipnificant effect (0.01 = P = 0.05)
F significant effect (P 0.01)
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Figure 1. Boxplot showing the effect of return migration on the aver age R-allele frequency
after 15 yearsof Bt crop deployment (Q,5). Meansareindicated by thered (black if non-
color printer) circle.

(Reprinted from p. 14, May 8, 2003 submission)
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