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Abstract

 

In New York, onion [

 

Allium cepa

 

 L. (Alliaceae)] fields often border woods or other vegetable fields.
Because onion maggot adults, 

 

Delia antiqua

 

 (Meigen) (Diptera: Anthomyiidae), spend a significant
portion of their time outside of onion fields, surrounding habitat may affect patterns of fly activity
and oviposition within onion fields. To better understand these patterns throughout the onion-growing
season, first-, second-, and third-flights maggot adult (male and female) activity was monitored
using yellow sticky cards. Half of the monitored fields bordered woods, whereas the other half
bordered other onion or vegetable fields. Within all fields, yellow sticky cards were placed at five
distances along a transect beginning at the onion field edge extending into the field center. First-flight
male and female adult activity was greatest along onion field edges and was especially high along edges
bordering woods. This pattern diminished during the second flight and was absent during the third.
To determine if spatial patterns of onion maggot oviposition by first-flight onion maggots were sim-
ilar to first-flight adult activity patterns, potted onion plants were placed in onion fields that bor-
dered or did not border woods in late May and early June 2003. The number of eggs laid in the soil at
the base of each plant was recorded. Unlike spatial patterns of first-flight adult activity, oviposition
patterns were not affected by bordering habitat or distance from the field edge. Based on the activity
of onion maggot adults in onion fields, future and existing control strategies should consider targeting
first-flight adults along field edges rather than across entire fields, especially in fields that border
woods. In contrast, based on spatial patterns of oviposition within onion fields, controls targeting

 

onion maggot larvae should be applied on a fieldwide basis.

 

Introduction

 

Onion maggot, 

 

Delia antiqua

 

 (Meigen) (Diptera: Antho-
myiidae), is a principal pest of onion, 

 

 Allium cepa

 

 L. (Alliaceae),
and other 

 

Allium

 

 spp. in north temperate regions such as
the northern United States and Canada (Eckenrode, 1988).
Onion maggot damages the onion crop when larvae feed
on the portion of the plant below the soil surface. This
feeding causes young plants to wilt and eventually die, and
older plants to develop distorted bulbs; feeding wounds
can also allow entry by pathogens, causing the bulb to rot
(Hoffmann et al., 1996). New York onion maggot popu-

lations are trivoltine, with the first flight of adults emerging
from overwintered pupae from mid May to early June
(Hoffmann et al., 1996). Of the three broods of larvae present
during the growing season, those produced by this first
flight of adults are the most damaging to onion (Loosjes, 1976;
Liu et al., 1982). Control efforts are consequently focused
on preventing damage caused by first-generation larvae.

Control of onion maggot currently relies almost entirely on
the use of insecticides (Eckenrode & Nyrop, 1995). However,
onion maggot has developed resistance to many insecticides,
rendering them useless (Loosjes, 1976; Eckenrode, 1985).
Widespread control failures have largely been avoided
over the past several years through the use of cyromazine
(Eckenrode & Nyrop, 1995; Taylor et al., 2001), which is
an insect growth regulator that provides control of onion
maggots that are resistant to organophosphates (Yildirim
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& Hoy, 2003). However, it is unlikely that the development
of new insecticide chemistries will keep pace with onion
maggot resistance in the future, because changes in the
regulatory climate have made the development of new
insecticides very costly, especially for minor crops like onions
(Eckenrode & Nyrop, 1995). The development of control
strategies that reduce or provide alternatives to insecticide
use is important to ensure the future sustainability of onion
production in northeastern United States and Canada.
A thorough understanding of the behavior and ecology
of onion maggot in onion fields is needed to provide in-
sight into which alternative management strategies have
potential for control.

Pest abundance and damage are often greater along the
edges of crop fields than in field centers (Slosser et al., 1987;
Sciaretta et al., 2001; Blom et al., 2004). Knowledge of these
patterns can be exploited to reduce insecticide use by
limiting insecticide applications to areas of high pest activity
(Blom et al., 2002) or through the use of alternative controls
that take advantage of pests being concentrated in certain
areas, such as perimeter trap cropping (Boucher et al., 2003).
Similar approaches may be applicable for control of onion
maggot if its activity is concentrated in certain areas.

Onion maggot adult activity may be concentrated along
field edges. In past studies, more onion maggot adults have
been trapped along field edges compared with field centers
(Loosjes, 1976; Whitfield, 1981; Finch et al., 1986a; Vernon
et al., 1987, 1989); however, this trend was not consistent
(Finch et al., 1986a; Vernon et al., 1987, 1989). This ‘edge
effect’ seems to be present along certain edges within some
fields (Vernon et al., 1987, 1989) but may not be present
in other fields (Finch et al., 1986a). This disparity might
be explained by differences in the landscape surrounding
onion fields. Specifically, edge effects in adult activity may
be more prevalent along wooded field edges than other types
of bordering habitat. In New York, Finch et al. (1986a)
observed a high number of onion maggot adults along a
field edge in one onion field that bordered a hedgerow of
trees, but fewer adults were observed as distance from that
field edge toward the field center increased. In contrast,
onion maggot adults were distributed evenly with respect
to distance from the field edge throughout another onion
field not bordered by trees. Edge effects in adult activity
in the field bordering trees were also more pronounced
during the first and second flights of adults compared with
the third. Research is needed to determine if the previously
mentioned spatial and temporal patterns of adult activity
commonly occur in New York onion fields. Damage by
onion maggot in commercial onion fields may also be
greater along field peripheries compared to field centers
(Finch et al., 1986b), suggesting that oviposition follows a
pattern similar to that of adult activity. However, no studies

have documented that these damage patterns result from
differentially high oviposition in these areas relative to field
centers. These patterns may have resulted from factors other
than high oviposition along field edges, such as inadequate
insecticide application at row ends due to problems with
farm machinery. Furthermore, damage is not consistently
greatest along field edges (Loosjes, 1976). Changes in the
neighboring habitat may affect oviposition patterns within
onion fields in a fashion similar to that hypothesized for
adult activity, resulting in variable patterns of damage in
relation to distance from field edges.

Our goal in conducting the research detailed in the
following discussion was to gain a better understanding of
the spatial and temporal patterns of onion maggot adult
activity and oviposition in New York onion fields. Specifi-
cally, we wished to determine (1) if adult activity and ovi-
position are greater along onion field edges than in onion
field centers, (2) if adult activity and oviposition are more
concentrated along field edges in fields that border woods,
and (3) if these patterns change with time. If onion maggot
adult activity and oviposition are consistently concentrated
in certain areas, future control strategies could target onion
maggot in these areas rather than across entire fields.

 

Materials and methods

 

Patterns of adult activity within onion fields

 

Spatial and temporal patterns of onion maggot adult activity
were investigated in five commercial onion farms in central
New York in 2002 and 2003. All farms were planted with dry
bulb, pungent yellow globe onions in mid to late April in
both years. Cyromazine seed treatments were used to control
onion maggot larvae, whereas one early and late season
spray of a pyrethroid was occasionally used in an attempt
to control adults. Weekly sprays (primarily pyrethroids,
organophosphates, and carbamates) were also used from
mid-July onward to control onion thrips 

 

Thrips tabaci

 

Lindeman (Thysanoptera: Thripidae). In 2002, three farms
were chosen in Oswego County, whereas one farm each was
selected from Wayne and Yates counties. These farms consist
of continuous pockets of muck soil that have been sub-
divided into fields. Pairs of onion fields were selected within
each farm, such that one field bordered woods along one
edge and the other was surrounded by non-wooded habitat
(e.g., other vegetable crop fields) (n = total of 10 fields).
Onion fields not bordered by woods were separated from
other crops by either weedy ditches or grassy areas. Because
onion fields are rarely rotated with other crops in NY, we
were able to sample the same onion fields in 2002 and 2003.

Onion maggot adult activity within each field was
measured at five distances along each of two transects
extending from the field edge into the center of the field.
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This design enabled us to compare onion maggot adult
activity between onion fields that bordered woods or did
not border woods and to determine if onion maggot adult
activity decreased with increasing distance from the edges
of these fields. Adult activity was monitored using 15 

 

×

 

15 cm yellow sticky cards (Olson Products, Medina, OH,
USA). Sticky cards were fastened to 91-cm tall wooden stakes
using plastic spring-loaded clamps (Woodworker’s Supply,
Casper, WY, USA). Cards initially were positioned 13 cm
above the ground, but were raised even with the top of the
canopy as plants matured. Cards were spaced 46 m apart
along each transect, and transects extended 184 m from the
field edge. Transects were spaced a minimum of 25 m and
a maximum of 227 m apart within each field. Cards were
collected and replaced at weekly intervals from the start of
first-flight adult emergence (May 15 in 2002 and May 13 in
2003) until onion harvest (August 22, 2002 and September
1, 2003). The numbers of male and female onion maggot
adults per card were counted. Voucher specimens are held in
the Nault Laboratory at Cornell University’s New York State
Agricultural Experiment Station in Geneva, New York.

Throughout this paper, the three sequential flights of
onion maggot adults are referred to as the first, second, and
third flights of adults, whereas their immature offspring are,
respectively, referred to as first-, second-, and third-generation
larvae. Third-generation larvae overwinter as pupae and
emerge in spring as the first flight of adults.

 

Oviposition patterns of first-flight adults within onion fields

 

Patterns of oviposition by onion maggots in onion fields
were examined only during the first flight of adults; it is
their offspring (first-generation larvae) that cause the most
serious damage to the crop (Loosjes, 1976; Liu et al., 1982).
This study was conducted in 2003 in eight of the fields used
for our adult activity study (four fields were chosen from
Oswego County, and two fields each were selected from
Wayne and Yates counties), of which four bordered woods
and four did not. The number of eggs laid on sentinel onion
plants (see succeeding discussions) was assessed at two
distances from field edges: within 3 m of the edge and
184 m from the edge. This design enabled us to compare
the overall number of onion maggot eggs laid in onion
fields that bordered woods or did not border woods and
to determine if oviposition was greater along field edges
than in field centers.

Forty potted onion plants (var. ‘empire sweets’) were
placed within each field to attract ovipositing onion
maggot. Half of these ‘sentinel’ onion plants were positioned
along the field edge and half in the field center. Sentinel
plants were situated in a line parallel to the field edge, with
plants being spaced approximately 1 m apart and the rim
of the pots sunk even with the soil surface.

Sentinel onions were grown from bulbs harvested the
previous year and stored through the winter at 4.4 

 

°

 

C. Plants
were grown from sprouted bulbs because second-year growth
of these biennials is especially attractive to ovipositing onion
maggot (Mowry, 1993). Bulbs were planted in pots in late April
to early May in a mixture of muck soil and potting soil mix
in 15 cm diameter pots with their necks 5 cm below the soil
surface. Planting at this depth and allowing 1 month of growth
to occur prior to use in the field yield plants maximally
attractive to ovipositing onion maggot (Cowles & Miller, 1992).
Plants were subsequently maintained outdoors in an onion
maggot-free area and watered as necessary. Sentinel onions
were also pierced once with a 0.3 cm diameter awl 3 cm below
the soil surface before placement in the field because damaged
plants are more attractive to ovipositing onion maggot
than undamaged plants (Hausmann & Miller, 1989).

This experiment was conducted twice during the first
half of the first flight beginning the week of May 22, 2003
(Figure 1). Plants from the first date were replaced with
new plants the following week on May 30 and these plants
were collected on June 16. After collection, the number of
eggs laid per plant was recorded. The top 3 cm of soil around
the base of each plant was removed and examined for eggs;
the majority of onion maggot eggs are laid in this area
(Havukkala et al., 1992). Soil was placed on a black surface
and eggs were removed with a paintbrush. Preliminary
experiments indicated that an equal number of eggs were
retrieved using this method compared to floating eggs in
muck soil using water; however, counting eggs by sorting
through the soil with a paintbrush was much less time-
consuming than floating eggs. Onion foliage near the base
of plants was also examined for eggs. To confirm that the
eggs recovered from sentinel plants were onion maggot and
not another insect species, up to 50 eggs were randomly
selected from each treatment–run combination and reared
to adulthood in a growth chamber (L16:D8, 21 

 

°

 

C, and
60% r.h.) on a combination of chopped onion and artificial
wheat germ-based diet (Reed et al., 1972). The wheat germ
artificial diet was initially added to provide food for any
species that do not feed on onion. However, it was removed
because all hatching larvae appeared to feed on onion and
no larvae were observed feeding on the diet. Ninety-five
out of the 99 insects surviving to adulthood were identified
as onion maggots. Sap beetles (Coleoptera: Nitidulidae)
were the only other species of insect reared from collected
eggs. Sap beetle eggs were the only non-

 

Delia

 

 eggs observed
while counting, infrequently found on onions in our study,
readily distinguishable from onion maggot eggs due to their
color and texture, and were never recorded. Voucher speci-
mens of reared insects are held in the Nault Laboratory at
Cornell University’s New York State Agricultural Experiment
Station in Geneva, New York.
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Data analyses

 

The mean (n = 2 transects) number of adults captured per
sticky card per day for each distance from the field edge was
determined. A rise and fall in numbers caught was used to
designate the start and stop of each flight (Figure 1). The
date designated as the stop of one flight was assigned as the
start of the following flight, because flights of onion maggot
overlap (Eckenrode et al., 1975). For example, June 27 was
treated as the final sampling date of the first flight and the
first sampling date of the second flight in 2002 (Figure 1).
Distance from the field edge was treated as a quantitative
variable (five levels), whereas the type of bordering habitat
(two levels = bordered or not bordered by woods) was treated
as qualitative. A square-root transformation was used to
stabilize the variance and normalize the data.

Data were analyzed in SAS PROC MIXED as a randomized
complete block design (five blocks) with repeated measures
being made on each field in space (different distances from
field edges) and time (sampling date) (Park & Lee, 2002;
SAS Institute Inc., 2003). Unstructured and first-order
autoregressive covariance structures were used to model
covariance between distances within fields and different
sampling dates, respectively. Examination of covariance
in the data and use of model fit statistics (e.g., Akaike’s
Information Criterion) indicated these were the most
appropriate covariance structures. Separate analyses were
conducted for each flight and gender of adults because both
of these factors interacted with treatment main effects. Lastly,
we used the SLICE option of the LSMEANS statement of
SAS PROC MIXED (SAS Institute Inc., 2003) to obtain
tests of treatment effects for each sampling date during
the economically important first flight of adults; this
enabled us to examine patterns in sticky-card catch at a
finer resolution than the overall analysis.

Onion maggot adult captures were portrayed in two
ways. First, where absolute numbers of adults are of in-
terest, adult numbers are shown. Second, the percentage
of the total number of adults caught within each farm at each
location is presented where relative comparisons across
generations of onion maggot are of interest. Representing
data this way also made it possible to display variation
among replicates while factoring out variation due to
overall differences in the size of adult populations among
farms.

First-generation egg numbers were averaged across
subsamples within fields at each of the two distances from
the field edge and quantified as the number of eggs laid per
plant per day. Data were analyzed using a three-factor
analysis of variance (factors = sampling date, distance from
field edges, and type of bordering habitat) randomized
complete block design in SAS PROC GLM (SAS Institute
Inc., 2003); distance from field edges was treated as a qualita-
tive variable for this analysis. Egg numbers were square-root
transformed to stabilize the variance and normalize the data.
The Tukey procedure, as implemented by the LSMEANS
statement of PROC GLM (SAS Institute Inc., 2003), was used
to control experiment-wise error at 

 

α

 

 = 0.10 for pairwise
comparisons of oviposition levels between treatment
combinations. Oviposition data are presented graphically as
the percentage of the total number of eggs laid per farm per
date found on plants at each of four different locations
within fields (two distances from wooded and non-wooded
field edges). Representing data this way made it possible to
display variation among replicates in the relative amount
of eggs laid at each location while factoring out variation
due to overall differences in the size of egg populations
among farms.

Figure 1 Mean (±SE) number of male and female onion maggot 
adults caught per sticky card per day for each sampling date in 
2002 and 2003 (dates denote end of each sampling interval). 
Dotted vertical lines indicate estimated divisions between first 
and second and second and third flights of onion maggot 
in New York.
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Results

 

Patterns of adult activity within onion fields

 

More males were caught than females during both years
of the study (Figure 1). Distinct peaks of flight activity were
apparent for first- and second-flight male onion maggot
adults in both years. Peaks of first-flight female activity were
apparent, whereas second-flight peaks were less distinct
(Figure 1). First-flight males became active within onion
fields approximately 1 week earlier than females in both 2002
and 2003, whereas this pattern was not obvious for later
flights (Figure 1). In both years there was a sustained lull in
activity within onion fields for both sexes after second-
flight adult numbers declined (Figure 1). Although not
obvious from data averaged over replicates, adult numbers
increased in certain fields over the last two sampling dates

in both years, indicating onset of the third flight. Activity
of this flight likely continued after harvest but was
unmeasured.

In both years, first-flight adults of both sexes were captured
in larger numbers in fields bordering woods than in those
that did not border woods and more were captured close to
field edges (Figure 2; Tables 1 and 2, significant border–
distance effects). The combined influence of field border and
location within a field tended to be more than additive; adult
activity was especially high along field edges in fields
bordered by woods in both years of this study (Figure 2;
Tables 1 and 2, significant border–distance effects). This
concentration of adults immediately adjacent to wooded
field borders was always statistically significant for those
individual dates when trap catch was greatest (Table 3;
Figure 1).

Table 1 Significance of effect of bordering habitat, distance from the field edge, and sampling date on numbers of male first-, second-, and 
third-flight onion maggot adults caught per sticky card per day during 2002 and 2003 in New York commercial onion fields. P values in 
bold highlight significant treatment effects (P≤0.05)
 

Sources of variation

2002 2003 

d.f.a F P d.f.a F P

Generation one
Border 1,32 18.96 0.0001 1,38 9.12 0.0045
Distance 1,32 106.89 <0.0001 1,42 80.88 <0.0001
Border–distance 1,32 15.89 0.0004 1,42 17.78 <0.0001
Date 5,55 21.43 <0.0001 6,59 22.00 <0.0001
Border–date 5,55 0.77 0.5737 6,59 0.82 0.5622
Distance–date 5,55 3.04 0.0170 6,67 3.36 0.0060
Border–distance–date 5,55 2.33 0.0542 6,67 1.33 0.2577
Distance2 1,40 39.94 <0.0001 1,43 13.49 0.0077
Generation two
Border 1,44 8.78 0.0049 1,42 29.29 <0.0001
Distance 1,39 60.42 <0.0001 1,50 74.70 <0.0001
Border–distance 1,39 15.97 0.0003 1,50 0.91 0.3446
Date 6,54 4.51 0.0009 7,65 9.78 <0.0001
Border–date 6,54 0.26 0.9546 7,65 1.02 0.4276
Distance–date 6,67 2.61 0.0246 7,72 4.14 0.0007
Border–distance–date 6,67 0.41 0.8697 7,72 2.23 0.0412
Distance2 1,38 0.44 0.5115 1,43 0.88 0.3533
Generation three
Border 1,19 1.49 0.2379 1,20 2.84 0.1081
Distance 1,19 9.77 0.0057 1,15 1.99 0.1789
Border–distance 1,17 7.44 0.0144 1,18 2.06 0.1685
Date 1,14 0.53 0.4775 1,12 0.45 0.5143
Border–date 1,14 0.08 0.7847 1,12 1.47 0.2499
Distance–date 1,11 1.80 0.2070 1,13 0.01 0.6703
Border–distance–date 1,12 2.85 0.1179 1,13 0.65 0.4349
Distance2 1,15 0.25 0.6215 1,12 8.88 0.0123

aDegrees of freedom for tests of treatment effects: numerator d.f., denominator d.f. Degrees of freedom estimated by Kenward–Roger 
method.
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Figure 2 Mean percentage of the total number 
of first-, second-, and third-flight (A) male and 
(B) female onion maggot adults captured in 
onion fields bordering or not bordering woods 
at varying distances from the field edge in New 
York in 2002 and 2003. Filled symbols represent 
overall means, whereas open symbols represent 
mean values for each field. Open and filled 
symbols of the same shape represent the same 
treatments. Data points were offset from actual 
distances to minimize overlap of plotted points.
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First-flight adults of both sexes were more concentrated
along field edges of both types at peaks of onion maggot
adult activity than at earlier dates (Figure 3; Tables 1 and 2,
significant distance–date effects). For example, this pattern
was more pronounced and significant for both sexes at peak
on June 13, 2002 (males: F

 

4,53

 

 = 17.96, P<0.0001; females:
F

 

4,56

 

 = 10.47, P<0.0001) than on May 22, 2002 (males:
F

 

4,55

 

 = 3.96, P = 0.0068; females: F

 

4,58

 

 = 0.64, P = 0.6387)
(Figure 3). Similarly, differences in trap catch between
onion field edges and centers were greater on June 19,
2003 (males: F

 

4,62

 

 = 15.37, P<0.0001; females: F

 

4,60

 

 = 16.33,
P<0.0001) than on May 19, 2003 (males: F

 

4,62

 

 = 1.57, P = 0.
1947, females: F

 

4,60

 

 = 0.18, P = 0.9490) (Figure 3).
The trap catch of both sexes of adults was again greatest

along field edges and in fields next to woods during the

second flight (Figure 2; Tables 1 and 2, significant border
and distance main effects and interactions). However,
these relationships were less pronounced and consistent
in magnitude and statistical significance than they were
during the first flight (Figure 2; Tables 1 and 2).

No evidence was found to support the hypotheses that the
dispersion of third-flight adults or the spatial distribution
of eggs laid by first-flight females is affected by distance
from field edges and type of bordering habitat. Trap catch of
third-flight adults was not consistently related to border type
or distance from the edge of the field (Figure 2; Tables 1
and 2). Similarly, the number of eggs laid on sentinel onion
plants was not significantly affected by border type,
distance from the field edge, or their interactions (P>0.4
for all effects) (Figure 4).

Table 2 Significance of effect of bordering habitat, distance from the field edge, and sampling date on numbers of female first-, second-, 
and third-flight onion maggot adults caught per sticky card per day during 2002 and 2003 in New York commercial onion fields. P values 
in bold highlight significant treatment effects (P≤0.05)
 

Sources of variation

2002 2003 

d.f.a F P d.f.a F P

Generation one
Border 1,41 4.39 0.0424 1,50 7.84 0.0073
Distance 1,44 42.58 <0.0001 1,35 57.89 <0.0001
Border–distance 1,44 10.85 0.0020 1,35 2.79 0.1038
Date 5,53 13.49 <0.0001 6,52 17.58 <0.0001
Border–date 5,53 0.42 0.8337 6,52 0.73 0.6301
Distance–date 5,57 4.12 0.0030 6,67 5.22 0.0002
Border–distance–date 5,57 1.85 0.1173 6,67 1.24 0.2973
Distance2 1,46 26.40 <0.0001 1,41 17.51 0.0001
Generation two
Border 1,51 3.96 0.0520 1,51 12.46 0.0009
Distance 1,44 21.03 <0.0001 1,56 58.95 <0.0001
Border–distance 1,44 1.98 0.1666 1,56 1.03 0.3140
Date 6,58 2.96 0.0138 7,70 4.53 0.0003
Border–date 6,58 0.76 0.6067 7,70 1.00 0.4364
Distance–date 6,66 1.35 0.2493 7,75 6.30 <0.0001
Border–distance–date 6,66 1.64 0.1510 7,75 1.52 0.1729
Distance2 1,41 0.59 0.4466 1,58 22.15 <0.0001
Generation three
Border 1,19 5.76 0.0268 1,13 1.62 0.2262
Distance 1,19 6.69 0.0182 1,10 0.17 0.6891
Border–distance 1,21 1.49 0.2369 1,11 0.73 0.4106
Date 1,21 7.52 0.0123 1,12 0.05 0.8335
Border–date 1,21 2.23 0.1506 1,12 0.57 0.4644
Distance–date 1,27 26.84 <0.0001 1,13 0.16 0.6944
Border–distance–date 1,27 2.71 0.1118 1,13 1.69 0.2169
Distance2 1,19 4.27 0.0534 1,11 0.01 0.9202

aDegrees of freedom for tests of treatment effects: numerator d.f., denominator d.f. Degrees of freedom estimated by Kenward–Roger 
method.
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Discussion

 

Onion maggot adult activity and oviposition

 

First- and second-flight onion maggot adults of both sexes
were most active along field edges during both years of
our study. This edge effect was most pronounced in fields
bordering woods during the first flight, indicating that
the type of habitat bordering onion fields can potentially
influence patterns of adult activity within fields. This influence
of adjacent habitat on onion maggot adult activity within
onion fields may explain why other researchers have observed
an edge effect along certain field edges and not in others
(Finch et al., 1986a; Vernon et al., 1987, 1989).

The influence of distance from the field edge and type of
bordering habitat on adult activity was most pronounced
in the first flight and diminished as the season progressed.
Patterns of adult activity observed during the first flight
became less pronounced and more variable during the
second flight and had disappeared by the third. These changes
suggest that some feature of the environment affecting onion
maggot adult activity initially differed between field edges and
centers but became more uniform as the season progressed.

Past researchers have suggested that shelter from harsh
in-field microclimatic conditions is an important resource
for onion maggot adults and that it is of particular importance
early in the season when the onion canopy is undeveloped
and provides little shelter from direct sunlight and desicca-
tion (Carruthers, 1981; Finch et al., 1986a). Vegetation
bordering onion fields may provide this shelter early in the
season before the onion crop develops, and flies seeking
shelter here may contribute to edge effects in adult activity.
Wooded habitat surrounding fields may provide superior
shelter or a stronger visual cue for adults seeking shelter,
resulting in edge effects being most pronounced adjacent
to wooded areas. Later in the season, the onion canopy
may be dense enough to protect onion maggot adults from
desiccation, resulting in a more uniform distribution of
onion maggot adults across locations. Cabbage maggot,

 

Delia radicum

 

 L., carrot rust fly, 

 

Psila rosae

 

 (F.) (Diptera:
Psilidae), and the pepper maggot, 

 

Zonosemata electa

 

(Say) (Diptera: Tephritidae), also move between adjacent
vegetation and fields and display similar edge effects in
adult activity (Baker et al., 1942; Petherbridge & Wright,
1943; Hawkes, 1972; Judd et al., 1985; Boucher et al., 2001).
Perhaps, these species share similar resource requirements
with the onion maggot, respond similarly to environmental
conditions, or both.

The hypothesis that onion maggot adults seek shelter
in field-side vegetation to escape harsh microclimates in
onions early (and not later) in the season is difficult to eva-
luate because seasonal changes in microclimatic conditions
in onions and neighboring vegetation were not measured.
Factors such as the distribution of food resources, changes
in biological interactions, and changes in the influx of energy
or nutrients into habitats along edges are all frequently
cited as explanations for edge effects in the abundance of
other organisms (Ries et al., 2004) and may have similarly
affected the distribution of onion maggot adults. For example,
adults can often be observed along field edges feeding from
flowers (Baker, 1928). Food available in field-side vegetation
may be particularly abundant or important early in the
season, resulting in the observed early season edge effects.
However, the seasonal availability of food at different
locations outside and inside of onion fields has not been
evaluated.

Patterns of onion maggot flight activity documented by
sticky-card catches were not reflected in oviposition;
oviposition patterns were similar between fields bordering
and not bordering woods and between the field edge and
interior (Figure 4). This incongruity may have resulted from
our sticky cards being more efficient at catching non-
ovipositing than ovipositing onion maggot. Judd & Whitfield
(1997) found that sticky traps baited with a food-related cue
(enzymatic yeast hydrolysate) were more attractive to

Table 3 Significance of the effect of the interaction between 
bordering habitat and distance from the field edge on numbers of 
male and female onion maggot adults caught per sticky card per 
day for each sampling date of the first flight in 2002 and 2003 in 
New York commercial onion fields. P values in bold highlight 
sampling dates during the first flight for which this interaction 
had a statistically significant effect on adult trap catch (P≤0.05)
 

Date

Males Females 

d.f.a F P d.f.a F P

2002
May 22 9,78 2.24 0.0279 9,82 0.56 0.8218
May 29 9,75 3.10 0.0032 9,79 0.60 0.7909
June 06 9,75 5.44 <0.0001 9,79 1.49 0.1657
June 13 9,75 9.11 <0.0001 9,79 5.03 <0.0001
June 20 9,75 9.57 <0.0001 9,79 8.09 <0.0001
June 27 9,75 2.99 0.0043 9,79 1.81 0.0789
2003
May 19 9,86 0.94 0.4916 9,83 0.32 0.9676
May 27 9,86 2.29 0.0234 9,83 0.94 0.4932
June 02 9,86 5.09 <0.0001 9,83 2.08 0.0405
June 11 9,86 5.79 <0.0001 9,83 2.96 0.0043
June 19 9,86 9.00 <0.0001 9,83 9.27 <0.0001
June 26 9,86 4.66 <0.0001 9,83 6.09 <0.0001
July 03 9,86 3.24 0.0020 9,83 4.87 <0.0001

aDegrees of freedom for tests of treatment effects: numerator d.f., 
denominator d.f. Degrees of freedom estimated by Kenward–
Roger method.
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sexually immature females than traps baited with an onion
volatile (dipropyl-disulfide), whereas traps baited with onion
volatiles were most attractive to mature females. This
suggests that sexually mature, ovipositing females do little
feeding and focus their efforts on finding hosts for ovipo-
sition, whereas sexually immature adults focus on feeding.
Similarly, our yellow sticky cards, although unbaited, may
have been relatively unattractive to ovipositing females if
stimuli associated with them represent a food source; few
sexually mature females would have been caught as a result.
This would help explain why female catch on these yellow
sticky cards was consistently lower than male catch (Figure 1),
despite the fact that populations of onion maggot usually
approach a 1 : 1 sex ratio (Loosjes, 1976). The field popu-
lations we sampled likely have the same sex ratio, as adults
reared from eggs collected during the first sampling date
of our oviposition experiment were 50% male and female
(39 males and females were reared from 78 eggs).

Onion maggot adults may also be active much farther
from field edges when searching for oviposition sites than
when engaging in other behaviors, resulting in eggs being
laid at most distances from the edge. Hawkes (1972) found
that gravid cabbage maggot females were more uniformly
distributed across distances from an adjoining hedgerow
than non-gravid females, which were most active next to the
hedgerow. Our study lacked the resolution to determine if
onion maggot adults were active farther from the edge when
ovipositing than at other times.

Implications for onion maggot management

Our results suggest that onion maggot adults could be
targeted for control along field edges rather than throughout
entire fields during the first flight. Currently, New York
onion growers spray entire fields one or more times with a
pyrethroid insecticide in an attempt to control onion maggot
adults before they lay eggs. Growers have continued this
practice despite previous research showing that foliar
applications of parathion will only control a small portion
of the onion maggot population (Finch et al., 1986a). Until
a more efficient strategy for adult control is identified,
however, applications of insecticides targeting adults could
be limited to field edges during the first flight. It might be
especially appropriate to only treat field edges bordering
woods during this time. If new, more effective technologies
are developed for control of adults, they could also be applied
here. The fact that the patterns in adult activity noted
previously are most pronounced during the first flight is
promising because offspring of this flight (first-generation
larvae) causes the majority of maggot damage to onion
(Loosjes, 1976). Although there was variation in these
patterns within the first flight, the edge effect was most
pronounced during peak adult activity (Figure 3); onion
pest managers can use traps or degree day models to estimate
when this peak occurs (Eckenrode et al., 1975).

Onion maggot adults were captured at all distances from
the field edge, and the maximum mean difference in adult
activity between traps along edges and traps farthest away

Figure 3 Mean number of male and female 
onion maggot adults caught per sticky card 
per day at five distances from edges of 
commercial onion fields for each sampling 
date within the first flight in New York in 
2002 and 2003 (dates denote end of each 
sampling interval). Asterisks indicate that 
differences between trap catches at different 
distances from the edge were statistically 
significant on a given sampling date 
(P<0.05).
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during the first flight was only threefold (Figure 2). Thus,
targeting onion maggot adults with a control tactic only
along field edges may miss adults that are located further
inside the field. For this reason, new approaches for onion
maggot adult management should be developed to attract and
arrest adults along field edges before they move into the field.

Although our data suggest that field perimeter treatments
may have potential for control of adults, this is not the case
for controls targeting immature stages of onion maggot.
Similar numbers of eggs were laid at both sampled distances
from field edges, indicating that controls targeting larvae
should be applied on a fieldwide basis, as they are currently.
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