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ABSTRACT. l 'ol l i~~ fronl corrr plants grrrc:tically rnodifietl to i y n s s  endotosins horn Hocilhis t h ~ r n - i n g i r ~ n v i . ~  (Berliner) has hccn identified 
as a pnterrti;il hazarrl to the ~nulrarcl~ liutterfly, 1)crncrtr.~ /~lrrij,j,~~.r (I..!. developillg in and near cornfirl(ls. \\re corrd~rctrtl twu fic:lcl c!xperilrrents 
tn rxalriille the effrct of Ht con1 urr lama1 survival. A t\vo-para~neter \Vcil)ull model was rrscd to perliirli~ dctailed comparative s ~ ~ ~ w v o r s h i l ~  i~rliily- 
srs. S~rviw11 o n  rnilkwccd plarrts near Bt cot.r~ ;und non-Bt corn was si~rrili~r. Larval ~ n o r t a l i t ~  rates wrr r  lower or1 ~nilk\vrrtl plants located 0, 1, 
and 2 rrr from Bt corn cr~mpared with larvae H III horn thc. corrr. Cardirlal direction horn Rt corn did not iriflrlelrce lama1 slrrvi\~al. Multiple rain- 
fall cvtar~ts likely resrlltcd in t l r ~  relatively low Rt corn ~ o l l e r ~  densitirs or1 lrlilkwrrtl Icavcs. Ue present evidence that late instar n\c~vernent rnay 
bias cstirr~i~tes of s~rn,iuorslrip irl  firld str~dies. 
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Corn, rrznys L., has been genetically ~nodified to 
express a variety of toxins frorn the soil bacterium, 
Bucillzrs thuringien.si.s (Berliner), (Bt corn), to offer 
protection from the lepidopteran pest O.strinicr nubi- 
lnlis Hiibner (Ostlie et al. 1997, Rice & Pilcher 1998). 
Each successful genetic modification of' corn is consid- 
ered an event. Events (e.g., events Btl l ,  Mon810 and 
176) have different promoters, protein genes and ge- 
netic markers, and differ in where this genetic ~naterial 
was inserted. Multiple events can express tlle same 
strain of Bt toxin (Ostlic et al. 1997). 

Using a laboratory assay, Losey et al. (1999) identi- 
fied Bt corn pollen (event Bt l l )  as a potential stressor 
to larvae of the monarch butterfly Dat~nus plexipplt .~ 
(L.). Jesse and Ohrycki (2000) corroborated this find- 
ing with laboratory assays using natural and manipu- 
lated densities of corn pollen (events 176 and Bt l l )  on 
milkweed leaves. U.S, and Canadian researchers set 
out to perform a detailed ecological risk assessrrient on 
the potential adverse effects of Bt corn on monarch 
butterfly populations and concluded that tlle risks are 
negligible (Oberhanser et al. 2001, Pleasants et al. 
2001, Hellmich et al. 2001. Stanley-Horn et al. 2001, 
Sears et al. 2001). In this context, risk is defined as the 
joint probability of larvae being exposed to Bt corn 
pollen (i.e., the stressor) and resultant ~nortality occur- 
ring (i.e., the effect) (Environmental Protection 
Agency 1998). The likelihood of larvae consuming Bt 
corn pollen represents the probability of exposure 
(\Volfenbarger & Phifer 2000). Toxicity of Bt corn 
pollen to larvae represents the l)rol~al)ility of an effect 
occurring. 

Ht toxins in corn pollen might increase ~nortality of 
larvae in three ways. 1,arvae niuy die due to the t )~ ica l  
Bt toxin  nod(: of action within t l ~ e  ~nidgut (Feclerici 
1993). Bt toxins may slow larval clevelop~nent (e.g.. 
Pilcher et al. 1997), pote~ltially increasing rites of'pre- 
dation or parasitism (Rawlins & Letlerhouse 1981). Bt 

pollen rnight act as a feeding deterrent carlsing the lar- 
vae to leave a pollen-dusted milkweed. After leaving a 
host plant, larvae hiwe difficulty r~locating the sarne 
host or finding a new host (Borkin 1982, Urquhart 
1960). Due to this difficulty, Bt pollen might indirectly 
increase l a n d  mortality through starvation after larvae 
leave a host plant (Borkin 1982). 

Comparative survivorship studies that have reported 
survival at one ol)sen!ation date (e.g., Stanley-Horn et 
al. "01) are important, b11t observation of sun!ivor- 
ship over several dates (e.g., Zangerl et al. 2001, 
Stanley-Horn et al. 2001) is Inore informative. Studies 
with rnultiple measures of survival enable one to es- 
anline changes in mortality through time with for~nal 
demographic analyses. 

The o1)jective of' our research was to conduct com- 
parative survivorship analyses for monarch larvae o n  
milkweed near Bt corn versus non-Bt corn and for lar- 
vae on milkweed at various distances and directions 
from Bt corn. None of the studies in Stanley-Horn et 
al. (2001) report repeated measures of larval survival 
fbr multiple distances outside of corn. Our stucly on 
the effect of distance and direction from Bt corn is 
unique from Zangerl et al. (2001) in that we used the 
commonly grown event Bt l l .  Event 176, used by 
Zangerl et al. (2001), has not been grown extensively 
and is being phased o ~ ~ t  of production. These studies 
were designed to directly measure the joint probability 
of exposure and effect in the field. We hypothesize 
that larval survivorsllip should be greater on milkweed 
near non-Bt cornfields than near Bt fields, and that 
sr~lvivorsliip should be greater on milkweed located 
further from Bt cornfields than on plants located near 
Bt cornfields. 

M.~TTERIAI,S A N D  METHOLX 

Larval SUI-viva1 on milkweed near Bt and non- 
Bt corn. Tlle purpose of this experiment was to exairi- 



ine monarch larval srirvival over time near Bt corn 
compared to non-Bt corn. The experiment was con- 
ducted at the Rosemount Research and Outreach 
Center, University of Minnesota, Rose~nount, Min- 
nesota. Four fields of field corn were selected for this 
study. Two of the fields contained a Bt variety, Pioneer 
36F30 (event Mon810). The other two fields con- 
tained a non-Bt variety, Pioneer 37Fjl. Ten milkweed 
ramets, Asclepicl.~ .syriaca L., were randomly selected 
from natural milkweed patches along the north or east 
edge of each field. Thus, total replication for each 
treatment (i.e., Bt corn versus non-Bt corn) was 20. 
The north or east edges were chosen, in part, to take 
advantage of prevailing winds (Baker 1983) that may 
move pollen from the field. The fields began shedding 
pollen within two days of each other starting on 27 July 
1999. Prior to the experiment, each milkweed was 
thororighly inspected for wild monarch lanae and 
eggs, which were removed when found. On 4 August 
1999, a small camelhair brush was used to place two 
monarch lanae on the second or third pair of leaves 
fro111 the top of each plant. The monarcl~ larvae ranged 
from late-first instar to early-second instar at the time 
of infestation. To minimize handling mortality, early 
first instars were not used. The lanae were laboratory 
reared on p t t e d  Asclepia.~ curassnvicu L. from eggs 
obtained fioin a captive colony. Infested plants were 
visually inspected at 1, 3, and 7 days post-infestation. 
For each sampling date, the number of larvae remain- 
ing and larval instar was recorded. A field guide (Ober- 
hauser & Kuda 1997) was used to identify larvae to 
instar. Monarch eggs from the wild population, en- 
countered while sampling, were removed. 

Effects of direction and distance from Bt corn. 
The pnspose of this experiment was to examine 
monarch larval survival over time at varying distances 
fro~n Bt corn (event Btl l ) ,  which should result in vary- 
ing levels of exposure to Ht corn pollen (e.g., Pleasants 
et al. 2001). In designing the experiment we assumed 
that corn pollen expressing event At11 would show 
some degree of toxicity to monarch larvae (e.g., Losey 
et al. 1999, Hellinich et al. 2001). This experiment was 
conducted in the same location as the 1999 experi- 
ment. A 30.5 x 30.5 m plot of N4242 Bt field corn 
(event B t l l )  was planted on 6 May 2000. A fallow 
buffer of 30.5 m was maintained around the plot. On 5 
May 2000, milkweed, A. syriaca, seed from a wild 
population in Kosemount, MN was planted into a 
field. When the ~nilkweed reached a height of 10-25 
cm they were transplanted into 11.4 L pots, with each 
pot containing three plants. The potted milkweed ap- 
peared to express a typical latex response. Corn anthe- 
sis began on 8 August 2000. On 11 August 2000, three 

potmf milkweed were placed at 0, 1, 2, and 8 m dis- 
tances from the field edge on each side of the plot (i.e., 
north, south, east, and west) for a total of 48 pots 
around the corn. Treatments in this experiment were 
distance and direction fro~n Bt corn. Total replication 
for each direction-distance combination was three. 
Pots at O m were placed between corn plants of the 
first row of corn. The pots at each distance were 
spaced 1 m apart from each other. On 14 August 2000, 
two plants in each pot were infested with 2 monarch 
larvae (4 larvae per pot) ranging from late-first to 
early-second instar. Again, to avoid handling mortality, 
early first instars were not used. The larvae were 
placed on the second or third pair of leaves from the 
top of each plant using a small camelhair brush. As in 
1999, larvae were reared from eggs obtained from a 
captive colony. The plants were visually inspected at 1, 
3, 7,9, 11, and 14 days post infestation. The number of 
larvae remaining, larval instar and location was recorded 
for each pot. Monarch eggs from the wild population, 
encountered while sampling, were removed. 

Collection of milkweed leaves to estimate 
pollen deposition. On 18 and 22 August 2000, milk- 
weed leaves were collected for pollen counts. One leaf 
was taken from the middle of one plant in each pot. 
The leaves were placed on cardboard, wrapped in 
plastic wrap, pressed, and frozen until they could be 
processed. Pollen was counted under a dissecting mi- 
croscope, while viewing through the plastic wrap cov- 
ering the leaves. ~ o l l e ~  counts were recorded in three 
to five (depending on leaf size) randomly selected 1 
cm%aras on the upper surface of each leaf. 

Analysis. In both experiments we observed larvae 
that remained on milkweed in the field. We under- 
stand that the disappearance of larvae over time may 
be due to a number of causes, including mortality from 
Bt corn pollen (e.g.? [esse & Obrycki 2000), natural 
enemies (e.g., Borlun 1982, Zalucki 1981, Zalucki & 
Kitching 1982). host plant effects (e.g., Zalucki & 
Browerl992, Zalucki et al. 2001, ~a lucki  et al. 20021, 
and larval movement (e.g., Rawlins & Lederhouse 
1981). We assume that disappearance is correlated 
with mortality and refkr to the proportion of larvae re- 
maining as sunival. 

The number of monarch larvae surviving on milk- 
weed plants near Bt and non-Bt corn fields was ana- 
lyzed for each sampling date using ANOVA and the 
Ryan-Einot-Gabriel-Mklsch (REGWQ) multiple-range 
test (SAS 1995). Data were analyzed by date to ac- 
count for dependence between sampling dates (i.e., 
repeated measures). The survival through time, near 
Bt and non-Bt fields, was modeled using a two- 
parameter version of the Weibnll model (Pinder et al. 
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1978, Hogg & Nordheim 1983). The form of the 
Weibull model is as follows: 

2 0.6 
where S,(t) typically represents the probability at p! 

birth of an individual surviving to time t,  b represents 
the rate of mortality, r represents the overall shape 5 0.4 

n 
of the Weibull model. High b values indicate low rates 2 
of larval mortality and low b values indicate high rates a 0.2 

of larval mortality. Larval survivorship curves with c 
values greater than one, equal to one, and less than 0.0 
one reflect type I, 11 and 111, respectively (e.g., H o g  
& Nordheim 1983). Mortality is an increasing, con- 

1 3 5 7 

Days after infestation 
stant and decreasing functio~l~of age for type I,II and 

FIG. 1. Proportion (*SE) of initial ~nonarch lawac remaining on 
II1 survivclrship curves, respectively* Parameters t ,  b, milkweed from 0-7 days post infestation near Bt (MonH10) (triangles) 
and c must all be greater than zero. Parameters b and and nun-Bt cornfields (circles) in 1999. Predicted lines for larvae near 

were determined by iterative least fitting of Bt (dashed line) and nun-Bt (solid line) corn are based on the Weibull 
model (n = 30). 

the data to the model (Proc NLIN, SAS 1995). 
Welch's unpaired t (Oehlert 2000) was used to create 
simultaneous 95% confidence intervals for the differ- 
ence between parameter estimates for each treat- 
ment. The confidence intervals were used to test for 
significant differences in the b and c parameters be- 
tween treatments (i.e., Bt versus non-Bt). If the confi- 
dence interval included zero, parameter estinlates 
were co~~sidered to not differ significantly at an error 
rate of 0.05. 

ANOVA and RECWQ (SAS 1995) were used to 
analyze the effects of direction and distance from field 
edge on the la~val survival and pollen density. Data 
were analyzed by date to account for dependence be- 
hveen sampling dates. Since no significant differences 
in the number larvae surviving were found between 
directions, evcept for a slight effect on day 9, the di- 
rections were pooled for each distance for further 
analysis. After pooling, total replication for each dis- 
tance from Bt corn was 12. Survival from 0-14 days at 
0, 1, 2, and 8 m from the field edge were modeled us- 
ing the Weibull model. Welch's unpaired t with a Bon- 
ferroni adjustment for multiple comparisons was used 
to create confidence intervals for difference in b and c 
parameters between each pairwise co~r~bination of 

treatments (i.e., distances from Bt corn), and were 
used to test for significant differences between treat- 
ments with an error rate of 0.05, as described above. 
Separate 0-14 day Weibull analyses were performed 
on larvae observed strictly on plants and for larvae 
found collectively on the plants, pots, and soil within 
the pots for each treatment. Again, confidence inter- 
vals created using Welch's unpaired t were used to test 
for significant differences in the b and c parameters 
behveen locations (i.e., strictly on plants or collec- 
tively on plants, pots, and soil within the pots) within 
treatments. 

Larval survival on milkweed near Bt and non- 
Bt com. The Weibull model fit the survivorship data 
for lanae near Bt corn and non-Bt corn, with r 2  of 
0.56 and 0.50, respectively (Table 1). Mortality rate (b) 
and shape (c) parameters of the Weibull models were 
not different for larvae near Bt (event Mon810) or 
non-Bt cornfields (Table 1, Fig. 1). ANOVA indicated 
that survival was similar for larvae near Bt and non-Bt 
corn on each sampling date (day 1: df = 1,38, F = 0.04, 
p = 0.85; day 3: df = 1,38, F = 0.87, p = 0.36; day 7: df 

TMLE 1. Welbull model parameters ( / I  = mortality rate and c = shape) for proportion of larvae remaining on \wid milkweed plants from 0-7 
days post infestation. 1999. 

Treatment h (*SE) c (*SE) F r2 

Rt+ 1.91 (4 .35 )  a 0.73 (dl.19) a 37.48* 0.56 
Rt- 1.53 ( 4 . 2 6 )  a 0.88 ( 4 . 2 5 )  a 28.72* 0.50 

For each regression, there were 2 df for the regression and 58 df for residual. Means within a colnn~n followed by the same letter are not sig- 
nificantly different; 95% confidence intervals (constructed using Welch's unpaired t )  for the difference in parameter ebtimates between treat- 
ments included zero. 

* p  < 0.001. 



lnstar 
FIG. 2. Instar distribution (+S11) of ~nonarch larvae remaining 

on milkweed near Bt (black) and non-Ht (gray) cornfields at 3 days 
post infestation in 1999. 

= 1, 38, F = 2.11, p = 0.15 ). Larvae appeared to be i11 
similar developmental stages near Bt and nun-Bt corn, 
with the majority of the larvae being in the second in- 
star on day three (Fig. 2), but the sample size was too 
small to conduct a statistically thorough analysis of de- 
velopmental effects. 

Effects of direction and distance from Bt corn. 
For all dates, direction of the milkweed plants from 
tlie cornfield did not significantly affect larval survival, 
as measured by the number of larvae remaining col- 
lectively on the plants, pots and soil within pots (df = 3, 
32; F ranged from 0.51 on day 3 to 2.13 on day 1; p 
ranged from 0.67 to 0.12). The effect of distance on 
larval survival was significant at days 3 and 14. On day 
three, survival of laivae on plants at 0 and 2 m from a 
field of Bt corn were greater than at 8 m from the Bt 
field (df = 3,32; F = 5.47; p = 0.0038). On day 14, sur- 
vival was greater on plants at 0 m than at 1, 2 or 8 m 
(df'= 3,32; F = 4.05; p = 0.015). 

The Weibull model fit the survivorship data for lar- 
vae at various distances from Bt corn, with r' ranging 
from 0.59 to 0.81 (Table 2). For larvae observed collec- 
tively on the plants, pots, and soil within the pots, tlie 
mortality rate parameters (h) of the 0-14 day Weibull 

TABLE 2. Weibull inodel pararneters (h = mortality rate and c = shape) 
froin @14 days post infestation, 2000. 

models were significantly greater at 0, 1, and 2 m com- 
pared to 8 In (Table 2, Fig. 3). The shape parameters 
(c) of the survivorship models were similar for larvae at 
all distances from tlie field edge (Table 2, Fig. 3). 

Due to high inortality at 3 and 7 days, small sample 
sizes prevented us from conducting a statistically thor- 
ough analysis of developmental effects. Larval devel- 
opment appeared similar for larvae at all distances 
from the corn at 3 days post infestation; as in 1999, the 
majority of larvae were in the second instar (Fig. 4). 
On day 7, larvae observed on plants were predomi- 
nantly in the second and third instars (Fig. 4). Some 
larvae, on day 7 and subsequent dates, were found 
within the pots, but not on the milkweed plants (Fig. 
3). Larvae that had left the plants, but remained within 
the pots, were predominantly in the third and fourth 
instars (Fig. 4). 

Larval movement from potted milkweed 
plants. Over time, a greater number of larvae moved 
off of plants onto pots (Fig. 3). Inclusion of larvae on 
pots as survivors affected Weibull analyses. At 2 in, the 
mortality rate parameter ( b )  was significantly lower for 
larvae strictly on plants compared to larvae within pots 
(Table 3). Across all other treatments, mortality rate 
parar~~eters (h) were lower, though not statistically, for 
larvae strictly on plants compared to larvae within pots 
(Table 3). Across all treatments, shape parameters (c) 
were statistically similar for larvae strictly on plants 
compared to larvae within pots (Table 3). However, for 
all treatments, shape pararneters (c) were numerically 
greater for larvae strictly on plants compared to those 
within pots (Table 3). The difference in recording sur- 
vival as larvae strictly on plants versus larvae collec- 
tively on plants, pots, and soil within the pots became 
apparent between 7-14 days (Fig. 3). 

Corn pollen deposition on milkweed leaves. 
Four days after larval infestation, average pollen densi- 
ties for each of the direction-distance combinations 
ranged from 0.15 * 0.08 to 10.7 * 0.94 (mean * SE) 
grains cm-'a Pollen densities differed significantly (df 
for error 32; F = 4.77; p = 0.0073) between milkweed 
north of the corn (3.98 * 1.26 grains cm-') compared to 

for proportion of larvae remaining collectively on plants, soil, and pots 

0 meters 
1 meter 
2 meters 
8 meters 

For each regression, there were 2 df for the regression and 70 df for residual. Means within a column followed by the sarrle letter are not sig- 
nificantly different; 95% confidence intervals (constructed using Welch's unpaired t with a Bonferroni adjustment for multiple comparisons) for 
thc diff'rrcncr in parameter rstimates between treatments included zero. 

*p < 0.001. 
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Days after infestation Days after infestation 

FI~:.  3. Proportion (*SE) of initial monarch larvae remaining strictly on potted milkweed plants (circles and solid lines) or within pots (tri- 
angles and dashed lines), i.e.. collectively on plants, pots, and o i l  within pots, from 0-14 days post inkstation at 0, 1,2,  and 8 m from a Bt cnrn 
field (Btll) .  Predicted lines are based on the \Veibull model. 

milkweed east of the corn (1.12 + 0.28 grains ~ m - ~ ) ,  
with intermediate densities on milkweed south and 
west of the corn (3.34 * 1.47 and 1.63 * 0.28 grains 
~ m - ~ ,  respectively), statistically not different from den- 
sities on the north and east Pollen densities differed 
significantly (df for error = 32; F = 8.14; p = 0.0004) on 
milkweed 0 and 1 rn from corn (4.15 + 1.28 and 3.86 * 
1.32 grains cm 2, respectively) compared to plants 2 
and 8 m from corn (1.58 0.39 and 0.49 + 0.17 grains 

respectively). Eight days after larval infestation, 

the maximum mean density was 2.9 * 0.74 
grains cn1r2. Pollen densities differed significantly (df 
for error = 32; F = 4.50; p = 0.0096) on rnilkweed north 
of the corn (1.10 * 0.38 grains compared to milk- 
weed east or west of the corn (0.52 * 0.10 and 0.34 + 
0.17 grains cm-', respectively), with milkweed on the 
south (0.71 + 0.11 grains cm-7 being indistinguishable 
from the other directions. Pollen densities differed sig- 
nificantly (df for error = 32; F = 9.88; p = 0.0001) on 
milkweed at 1 m (1.33 + 0.34 grains cm2)  compared to 

TABI..E 3. Weibull model parameters (h = mortality rate and c = shape) for proportion of lansae remaining strictly on potted rnilkweed plants 
or collectively from plants, soil, and pots from 0-14 days post ink station, 2000. 

0 meters 
Plants 7.02 (k0.78) a 0.92 (*0.17) a 
Plants, soil and pots 10.73 (*1.76) a 0.68 (+0.15) a 

1 meter 
Plku~ts 4.45 (+0.41) a 1.19 (e0.17) a 
Plant>, soil and pots 8.42 (+ 1.33) a 0.71 ( i 0  17) a 

2 meters 
Plants 5.78 (k0.44) a 1.55 (i0.24) a 
Plants, soil and pots 8.27 (i0.76) h 1.12 ( 4 . 2 1 )  a 

8 meters 
Plants 2.67 ( 4 . 4 0 )  a 0.75 (i0.13) a 62.38* 0.64 
Plants, soil and pots 3.38 (+0.78) a 0.49 (i0.12) a 49.86* 0.59 

For each rrgression, there were 2 df for the regression and 70 d l  for residual. Means within a column for each distance followed by the sarne 
letter are not significantly different: 95% confidence intervals (constructed using \t'elch's unpaired t )  for the difference in para~nrter estimates 
betweer1 treatments included xern. 

* p  < 0.001. 
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Vrc. 4. Instar distribution (+SD) of rnonnrch larvae remaining, 

near Ht corn (Htl 1). strictly on pottrd ~nilk\rccd plants (black) arid 
lamic that havvc left inilk\\,ced plants, but rcvrr;iirrcd or1 the pots or oil 
the soil within the pots [grm) at 0, I .  2 ar~cl 8 I I I  or1 :3 and 7 days post 
ir~festatior~ in 2000. 

rnilhveed 0, 2 and 8 m frorn corn (0.70 0.17, 0.40 + 
0.09 and 0.23 + 0.08 gixiils respectively). 

In 1999 and 2000, we were unable to detect an ad- 
verse effect of Bt corn on monarch larvae. Survival was 
similar for larvae near Bt and non-Ht cornfields, and 
the rate of mortality was lower (i.e., larger Weibull b 
value) for lamae on milkweed near the edge of a Bt 
cornfield coi~lpared to larvae on milhveed farther 
fro~n a fieltl. Stanlev-Horn et al. (2001) and Zangerl et 
al. (2001) were also unable to detect any adverse irn- 
pact of Bt corn on monardl larvae under field condi- 
tions. The likely n~echsnisms by which Bt corn might 
adversely affect monarclls depend upon larval con- 
sumption of corn pollen or other corn tissue, such as 
antl~ers (Hellmich et al. 2001) The present study re- 
ports a ~naximu~n Bt corn poller~ tle~lsity of 10.7 gr'iins 
cm on milkweed leaves. Our obse l~ed  pollen densi- 
ties, along with mean pollen densities reported in Jesse 
and Obrycki (2000), Wraight et al. (2000), Stanley- 
Honl et al. (2001), Zangerl et al. (2001) and Pleasants 

et al. (2001 ), are far below the least observable effect 
concentration of 1OOO grains cm-"or the commonly 
grown Ht events Mon8lO and B t l l  (Sears et al. 2001). 

The lack of an obsenetl adverse effect of Bt corn on 
monarch Ian-ae in the present studies is similar to re- 
sults obtained hv Wraight et al. (2000) working with 
black swallomtails, ~ n j i l l o  polyscne.~ Fahricius, near Bt 
corn. Hnwevei; not all Lepidoptera are equally sus- 
ceptible to Bt toxiils. For example, Bt sweet corn pro- 
vides greater control of European corn borer than 
corn eanvorm, H e l i c ~ u e ~ ~ a  zea (Boddie) (Burkrless et 
al. 2001). In addition, Wagner et al. (1996) observed 
differential susceptibilities among non-target forest 
Lepidoptera to foliar applications of Bt insecticide. 

Over time, environmental factors (e.g., rain and 
\\lnd) inay reduce densities of corn pollen (Pleasants 
et al. 3001) on the relatively smooth upper surface of 
rnilL~veed leaves (Bhowinik 1994). Multiple i.ai~lfi~ll 
events that occurred during the course of our experi- 
ments likely contributed to the low pollen densities we 
observed. A single rai~ifall everit car1 remove up to 86% 
of the corn pollen from a milkweed leaf (Pleasants et 
al. 2001). The fact that rainfall events occurred and 
likely reduced the pollen loads oil the 111ilL~veed leaves 
does not weaken the significance of our experiments. 
On the contrary, our i.esults suggest that ariy potential 
adverse effect of Ht corn on monarch lanrae can be 
substantially mitigated under field contlitions. 

Our restilts from the 2000 study indicate that the 
rate of larval mortality is lower (i.e., larger Weibull b 
parameter) on milkweed at the edge of a Bt cornfield 
compared to milkweed filrther fro111 the field. The sur- 
vival of larvae at different locations relative to the 
cornfield edge (c.g., on the field edge, within the field 
or otitsitle tlIe field) has been variable among studies. 
Lower survival was fc~untl at the edges of corn fields in 
the Iowu I 1  and Necr: YO/-k studies of Stanley-Horn et 
al. (2001) compar.ed to illilkweed at various locatio~ls 
within and outside cornfields. Oberhauser et al. (2001) 
reported higher lwwal sun.iva1 (i.e., larger Weibull b 
values) on milkweed ill cor.ilfields compared to milk- 
weed on cori~field edges. In contrast, in the Iowa I 
study of Stanley-IIorn et al. (2001), higher larval sur- 
vival was folind on milkweed at cornfield edges com- 
pared to milhveed within cornfields. 

The observed increase of larval mort;ility rate (i.e., 
decrease in Weibull b parameter) and apparent shift of 
~nortality to a less-strong type I11 sunivoi.ship curve 
(i.e., increase in ~ e i b u l l  c parameter), due to not 
cotintirlg larvae that have moved off of experimental 
plants, inay lead to biased estimates of mortality. 
Monarch larvae will spend up to 17.5% of dayliglit 
hours off of milkweed plants (Hawlins cSr Lederhouse 



1981), Individlial monarch lanae have been difficult to 
follow for more than one week (Borkin 1982). Larvae, 
as early as second instars (Borkin 1982), leave what 
seem to be suitable host plants for no apparent reason 
(Borkin 1982, Urqu11a1-t 19CiO). We observed that most 
larval movement from potted milkweed plants began 
by 7 days post infestation, which was about the third 
instar and onward. Larvae that were obsen~ed off of 
the potted milkweed plants in this stlldY were prc- 
dominantly in the third or later instars. Researchers 
conducting survivorship studies in the field must be 
aware of the potential for monardl larvae to leave host 
plants. Biased underestimates of larval survival will re- 
sult from counting lanae that have disappeared from 
the host plants as ~nortality. Conversely, monarch larval 
movement may also confound results when survivor- 
ship studies are conducted in s~nall field cages. Small 
field cages co111d preclude normal larval ~novement 
froin plants and thereby result in overestimates of sur- 
vivorship compared to open field studies. 
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