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ABSTRACT

PARAMETERS AFFECTING EMERGENCE AND MANAGEMENT STRATEGIES
OF THE APPLE MAGGOT FLY, Rhagoletis pomonella (Walsh).
DIPTERA: TEPHRITIDAE

By

Larry Gene Olsen

Emergence of apple maggot flies, Rhagoletis pomonella,

was determined at the Kalamazoo State Hospital (K.S.H.)
orchard in 1977-1980 and in the Upjohn orchard in 1977,
1579-80 by four methods. The yellow Zoecon AM trap was
determined to be the preferred tool to estimate first
emergence. Biotic and abiotic parameters were examined for
their influence on timing of first and season long emer-
gence. Air.temperature degree days was discovered to be the
best predictor of first emergence. The biotic parameters
of variety of apple reared in, orchard floor culture and
location of larval pupation all affect first emergence. The
phenological predictive model of emergence developed using
the K.S.H. data predicted emergence to within $+2.5 days at
the K.S.H. orchard and *.5 days at the Upjohn orchard.
Season long emergence expressed as accumulative percent
catch can be predicted extremely well by accumulative air or
soil temperature degree days or percent soil moisture.
Thirty-one commercial orchards were monitored in 1979
and 1980 for the presence of apple maggot flies and percent

fruit damage to study parameters associated with different



management schemes. The yellow Zoecon AM trap was preferred
over the red sticky sphere trap because it caught flies
sooner, caught gravid females sooner, and provided more
consistent prediction of fruit damage. Yellow Zoecon AM
traps should be placed in the perimeter row of the orchard
and located near two potential outside sources of apple
maggot. Flies were caught in the orchard an average of 8
days after they were caught in abandoned trees outside the
orchard but ranged from =17 to 35 days indicating flies
should be monitored in the orchard and not in abandoned
trees. It was shown that fly catch and fruit damage greatly
decreases from the perimeter row into the orchard, indica-
ting that a feasible alternative management scheme would be

to spray perimeter rows when no other pests are present.
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INTRODUCTION

The apple maggot fly, Rhagoletis pomonella (Walsh), is

a native insect species to northeastern U.S. 1Its original
host was hawthorn. When the cultivated apple was introduced
to the U.S., the insect quickly switched hosts and became a
serious economic pest. In many states it is the number one
insect pest of apples. Currently, control strategies
require 3-5 sprays of broad spectrum insecticides which
amount to 1/3 to 1/2 of the total insecticides applied to
the orchard to prevent this damage. The damage results from
internal larval burrowing. Larvae in processed food results
in insect fragments which by law cannot be tolerated
(Neilson and Sanford, 1974). If damaged fruit is detected
in the processing line by inspectors, the entire load can be
re- jected and the grower would suffer great financi;l loss.
The basis of control for the apple maggot fly is to
determine when first emergence of the adult occurs, and then
make a pesticide application in 7-10 days. Repeated applica-
tions are then made at 14 day intervals until harvest. With
no controls, 100% damage can occur. Biological monitoring
to determine first emeréence has evolved the past several
years. Current methods involve considerable effort, and it
would be bet£er to predict when emergence occurs. To make
this prediction, several biotic and abiotic parameters have

to be quantified and combined into a predictive model. Then
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environmental monitoring networks will have to be estab-
lished and connected in an on-line manner. With abictic
inputs driving the model and certain biotic parameters up-
dating it, outputs would predict emergence at any site.
This would provide information for more efficient and less
costly chemical control.

Management strategies of this pest are in the process
of evolving. Currently sprays are recommended 7-10 days
after first emergence of the flies in abandoned trees. One
strategy to improve this is to place traps in commercial
orchards and delay initiating controls until flies are
caught on them. Preliminary evidence suggested that this
method could prevent two needless sprays, because it takes
flies 3-6 weeks to disperse out of the abandoned trees and
into the commercial orchard. Parameters important in trap-
ping in this manner need to be studied further and under-
stood thoroughly before this management strategy can be
confidently recommended.

This dissertation investigates two distinct aspects of
the apple maggot fly. The first part quantifies parameters
associated with emergence of the apple maggot fly in high
population situations, and incorporates them into a predic-
tive model. The second part investigates parameters impor-
tant to monitoring and managing the apple maggot in commer-
cial orchards. These results are summarized and suggestions
are made for grower or consultant use when managing the

apple maggot fly.
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LIFE CYCLE OF THE APPLE MAGGOT FLY

A knowledge of the biology is an essential prerequisite
to understanding the problems associated with predicting
emergence and timing controls for the apple maggot fly.
Figure 1 is a generalized model of the apple maggot fly life
cycle which gives a conceptual framework from which specific
features can be more fully described. The insect overwin-
ters as a pupae in the soil underneath infested trees. When
environmental factors are correct, emergence or aduit flies
occurs, normally during the last week of June in southwest
Michigan, the first week of July in west central liichigan,
and middle July in northwest Michigan (Brunner and Johnson,
1976) . Emergence then continues for about three months.
After emergence, the adult fly goes through a 7-10 day
preoviposition period. This is the period after emergence
and before egg laying can occur because the female reproduc-
tive system is not fully developed. During this period
adults disperse inside and outside the orchard feeding on
foliar exudates and insect honeydew. These substances
supply the nutrients required for the physical maturation.
Multiple mating can occur during this period. After maturing,
the fertilized females search for susceptible fruits to lay
their eggs. Eggs are deposited just under the surface of
apples. The adults are exposed to a diversity of biological
and environmental induced mortalities throughout the remain-

der of their lives. The eggs hatch in 3-7 days. For the
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next three to four weeks the larvae tunnel and feed in-
ternally on the fruit. They pass through three instars
during this time. Their feeding weakens the apple and it
falls prematurely allowing the third instar larva to leave
the apple and burrow into the soil. A short duration fourth
instar occurs, and then the pupa is formed. The insect

diapauses and stays in this stage over winter.
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PART 1 - PARAMETERKS
AFFECTING EMERGENCE

EMERGENCE PATTERNS INM MICHIGAN

Prior to identifying and quantifying variables associ-
ated with emergence, emergence patterns have to be estab-
lished and data gathered. This should be completed at
several locations over several years so that differences
that might exist can be shown to be real and consistent.
Causes of the variances associated with real differences can

then be studied.

Literature and Materials and Methods

Monitoring Techniques - Throughout this study, four

techniques of measuring emergence or flight activity were
utilized. The first involved placing an emergence cage over
ground that was naturally infested by apple maggot pupae the
proceeding fall. One meter square pyramids shaped cages
that had a collection devise on the top filled with ethylene
glycol were utilized in these studies . This preserved the
flies so they could be counted and sexed at each visit. As
reported in the 1literature (Caesar and Ross, 1919;
Mundinger, 1930), this method provides a very accurate
indication of emergence. However, it does not determine the
length of the flight activity period during which female
flies can infest the fruit. This may continue forty to

sixty days after emergence.
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In another set of experiments, these same emergence
cages were utilized, but they were placed over seeded
ground (Herrick, 1912; Allen and Fluke, 1933; Dean, 1942;
Lathrop and Dirks, 1945; Glass, 1960; Dean and Chapman,
1973). The previous fall, apples infested with apple maggot
larvae were collected, and placed on soil where no pupae
were previously present. The location was accurately
marked, and the cages were placed over this spot the fol-
1owipg summer. As before, soil was mounded up on the
outside of the base of the cage so no flies could escape.
This type of emergence provides somewhat unrealistic data
because of a high population of pupae consolidated into a
small space, but is useful for answering certain types of
questions.

Within the past twenty years, visual sticky traps that
mimic the foliage have been developed to monitor f£fly
activity in the tree (Still, 1960; Oatman, 1964a; Maxwell,
1968b; Prokopy, 1968a; Moore, 1969; Kring, 1970; Prokopy,
1972a; Buriff, 1973; Trottier, Rivard and Neilsen, 1975;
Reissig, 1975; Reissig, 1977). The behavior of the fly that
allows this technique to work is fhat during the
pre-oviposition period the flies are searching for potential
food sources. Leaves exude substances that the fly feeds
on, and supports populations of leafhoppers and aphids that
excrete honeydew, another fly food source. Therefore, a
surface that resembles a leaf becomes attractive to the fly
during this pre-oviposition period when feeding has top

priority. Several researchers have tested colors, sizes,
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shapes, and volatile substances to be added to the trap to
determine which combination provides the greatest trap catch
(Prokopy, 1968a; Reissig, 1975). Prokopy (1968a) showed the
best color was Saturn yellow which reflects a supernormal
amount of energy in the 580 mm range. This is the wave
length range reflected by green leaves, and is detected by
flies as a leaf. A trap size and shape experiment lead to
the discovery that the best trap has a rectangle of
8 x 12 cm (Prokopy, 1972za). Odoriferous substances added
into the stickum enhance catch, and protein hydrolysate plus
ammonium sterrate (Howitt and Ccnnor, 1965) apparently give
the best result. These features have been combined into a
standard yellow trap that is commercially available as
the Yellow Zoecon AM trap (Zoecon, 1980). There are two
advantages to using this type of trap. First, many hours of
labor involved in seeding cages in the fall, building and
repairing cages, setting cages in place in summer, and
taking them down in the tfall are saved. More importantly,
the activity period of the fly in the tree can be more
accurately estimated.

A fourth monitoring technique utilized was a fruit
mimic (Prokopy, 1967b; Prokopy, 1968b; Moore, 1969; Kring,
1970; Prokopy, 1973; Prokopy, 1977). Prokopy (1977) re-
ported that an 8 cm red sphere provided a much more accurate
indication of fly activity in the tree. His criteria
included sooner first catch, more flies, and better predic-
tion of the amount of fruit damage. An assumed advantage of

these traps is that they trap female flies when they are



gravid and ready to oviposite. A catch would indicate that
controls should be applied immediately.

Research Sites - In 1977, two research orchards were

identified for studying the apple maggot. The K.S.H.
(K.S.H.) orchard located on the western edge of Kalamazoo,
Michigan, was under the supervision of Dr. A. J. Howitt of
the Department of Entomclogy at Michigan State University,
and could be used for the duration of this study. The
orchard is about 40 years old, and has a mixed planting of
approximately 40 acres that includes 15 varieties
(Figure 2). It has a minimum level of pesticide applica-
tions each year, with usually only a single massive dose of
Difolitan(Single Application Technique) applied to control
primary apple scab. This maintains foliage for tree growth,
but has minimal effect on apple maggot populations. There
is a high natural level of apple maggot flies in the
orchard, with nearly 100% fruit infestation every year.

Thé second research orchard is located on the Upjohn
Chemical Company farm located northeast of Kalamazoo,
Michigan. This orchard was used for the duration of the
study under a cooperative agreement between Dr. Howitt and
the Upjohn Company. The orchard is about 40 years old, has
twelve acres, and is mainly composed of McIntosh, Jonathan,
and Northern Spy varieties, but also has a row of Snow
apples, and two rows of sweet cherries (Figure 3). This
sifé is used periodically for chemical evaluation of single
tree replicated designs. Therefore, the resident population

of apple maggot flies is under some chemical pressure and is
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not nearly as high as the K.S.H. orchard. However, flies
are present and active in the orchard every year, and are
present at much higher 1levels than that experienced by
commercial growers. This medium density population might
provide data that serves as an important link between high
and extremely low population levels of apple maggot.

In 1979 and 1980 commercial orchards were alsc moni-
tored. Appendix 2 gives information pertinent about each
block studied. 1Included is the owner's name and location,
the varieties and number of traps in the block. Also
included is a rating of potential pést pressure to the
orchard. After selecting the block to be monitored, a
thorough investigation of the surroundings of each orchard
was made. Looked for was both the number and distance of
abandoned apple trees or other host plants for apple maggot.
A rating of pressure to the commercial orchard was made that
is found in Table 1. These values for each orchard were
determined and are found in the last column of Appendix 2.
Flies caught in the commercial orchards were not used in
emergence studies, but were used to study factors important
to timing for controls.

Table 1. Rating System of Potential Apple Maggot Fly
Pressure to Commercial Orchards.

Rating Criteria
0 No abandoned trees or hawthorns evident
1 One tree in excess of 100 meters
2 One tree adjacent to the orchard
3 Two or more trees in excess of 100 meters
4 Two to ten trees adjacent to the orchard
5 Many host trees adjacent to the orchard
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Around each orchard abandoned apple trees were located
that were assumed to have high populations of apple maggot
flies that could disperse into the commercial orchards.
Traps were hung in these trees, and flight activity moni-
tored. Several factors related to timing for controls were
studied, one of which was the normal activity in abandoned
tree sites. These trees were monitored at each visit to the
orchard in 1979 and 1980.

Two additional sites were monitored in 1980 to serve as

a valiéation of predictions based on results obtained from
the X.S.H. and Upjohn studies. Site one had early red
variety apples located in the Hofacker yard near the Fruit
Ridge Avenue and Four Mile Road intersection northwest of
Grand Rapids, Michigan. Site two was a transparent variety
tree 1in the Yabs backyard in DeWitt, Michigan. Site one was
an extremely early site due to the sandy soil and mowed
vard which allowed for rapid development of the pupae. High
populations of flies were present and trapped, so data
gathered there should be sound and prove adequate for vali-
dation purposes. At site two very few flies were caught, so
that data gathered there will not be used for validation
purposes.

Emergence and Flight Studies - In 1977, 50 yellow

Zoecon AM traps were placed in the K.S.H. orchard. Twen-
ty-five of these were in early variety trees on the south
side of the orchard, and twenty-five were clustered in later
maturing varieties on the north side of the orchard. Traps

were hung one per tree, and positioned one-third the dis-
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tance into the tree canopy on the south side of the tree at
eye level according to Prokopy (1972a), Reissig (1975) and
Neilson et. al. (1976). Apple maggot flies were counted
weekly and the traps cleaned off. At two week intervals the
old traps were replaced with new ones as per manufacturers
recommendations. Monitoring was initiated on June 17 and
terminated September 28.

Also that year, 15 traps were placed in the Upjohn
orchard. Five trees each of McIntosh, Jonathon, and North-
ern Spy were monitored. Traps were positioned, checked and
replaced as in the K.S.H. orchard. Monitoring was initiated
on June 17 and terminated September 28.

Emergence cagés were placed in the K.S.H. orchard in
1977. Ten cages were placed over natural populations in the
early variety section and ten in the late variety section.
Five trees were selected in each section that had comparable
canopies. Under each tree, one cage was positioned on the
south side and one on the north side of the tree. This was
done to provide a mean emergence value per tree, per
variety, per orchard, and to determine if differences
existed in emergence times between the south and north sides
of the trees. Cages were monitored weekly, and the flies
counted and removed.

In 1978, trapping and cage studies were repeated in the
K.S.H. orchard. The number and placement of traps and cages
was identical to that of the previous year. The only dif-
ference in 1978 was that monitoring was initiated on

June 23, performed daily for three weeks, twice a week for
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the next four weeks, and once a week for the last six weeks.
Sampling was terminated on September 22.

In 1979 the number of sampling locations were greatly
expanded. In the K.S.H. orchard, the total number of traps
trees was reduced to 15, seven in the early variety section
and eight in the late variety section. Each tree was used
in a paired tesg. On one side of the tree was hung the
standard yellow Zoecon AM trap. On the opposite side was
hung a red sticky sphere. At weekly intervals their po-
sitions were reversed. The yellow traps were replaced ét
two week intervals. Sixteen cages were placed over natural
pocpulations of apple maggot flies, eight in the early
section and eight in the late section. A cage was placed
under the south and north side of each of four trees in each
section. Sampling was initiated on June 20 and performed
three times a week for four weeks, twice a week for nine
weeks, and once a week for five more weeks. It terminated
on October 13. '

At the Upjohn orchard in 1979, paired tests were also
conducted. Three trees of each of three varieties utilized
in 1977 were monitored with the yellow trap and red sphere.
Traps were checked, reversed, replaced, and taken down the
same as in the K.S.H. orchard in 1979. Trees selected were
check tre:s so the effects of experimental insecticides
would be reduced on trap catch.

Twenty commercial orchards were also monitored in 1979
(Appendix 2). Each orchard had a trap density of 1, 2, 4,

or 10 traps per 10 acres. In each trap tree paired compari-
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sons were made as in the K.S.H. orchard with trap placement,
reversal, replacement and removal identical. These orchards
were set up on June 19, and monitored three times each week
for three weeks, twice a week for the next four weeks, and
once a week for the next five weeks.

Around each of these orchards were located abandoned
trees. Thirteen trees in total were monitored on the same
schedule as the adjacent commercial orchard. Each trap tree
provided data for paired comparisons, with the methodology
identical to previously described.

In 1980, monitoring schemes were very similar to 1979.
In the K.S.H. orchard, the same trees and methods were used
as in 1979 for the trap comparison studies. Cage studies
were conducted in 1980, but these were seeded with infested
apples in the late summer of 1979 rather than being placed
over naturally infested soil. Seven cages in total were
seeded on 3-4 day intervals, with the first seeding made on
July 16 and the last August 6. They were monitored three
times a week for six weeks beginning June 23 and then weekly
for eight weeks.

In the Upjohn orchard in 1980, the same trapping scheme
was utilized as in 1979. Nine trees, three of the main
varieties, had a yellow trap and red sphere on them for
corparison purposes. Trees selected were check trees in the
chemical tests so as to reduce insecticide influences on
flight activity and trap catch. Monitoring intervals were

the same as those in the K.S.H. orchard in 1980.
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Different commercial orchards were monitored in 1980
than 1979. Those selected (Appendix 2) were closer to
Lansing to reduce travel expenses. Five orchards were
monitored three times a week beginning June 23 for nine
weeks, then once a week for three weeks. Pest Management
Field Assistants in other parts of the state monitored
another six commercial orchards on the same schedule. Each
orchard had a different density of traps, but each trap tree
had a comparative test between the yellow and red sphere
traps. In the area around each orchard abandoned trees were
located, trapped and monitored identically as the commercial
trees.

Two new sites were established as validation points in
1980. As previously mentioned, the Yabs site was eliminated
because of the limited number of flies caught. At the
Hofacker site, one tree of four in the yard was monitored.
A yellow trap and red sphere trap were hung on opposite
sides of the tree. Positions were reversed weekly, and the
yellow trap replaced every two weeks. Flies were counted
and removed starting on June 23 three times each week for

six weeks, and then weekly for eight weeks.

Results and Discussions

Season long emergence and flight patterns of apple
maggot fly have been determined for different locations and
years in Michigan. fable 2 was prepared to show when on a
calendar basis, different proportions of emergence or trap

catch occurred. This compares different years, different



18

locations, and different methods of monitoring. The de-
tailed discussion of the average and range associated with
each cell in this Table will be delayed until later in this
dissertation when parameters associated with these variances
are studied. The general purpose here is to show the large
variability associated with each event. This is indicated
in the last row.

The one method of monitoring fly activity that remained
the same through all locations and years was trap catch on
the yellow Zoecon AM trap. Because of this consistency,
season long emergence graphs were prepared (Figures 4-13).
These graphs show weekly average trap catch and the
accumulative percent emergence. Large differences in timing
of events become clearly evident between years at the same
location, and between locations when these graphs are

compared.
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FIRST EMERGENCE BY CALENDAR DATE

First emergence or catch of adults is a very important
event in the 1life cycle of apple maggot under current
management practices. When emergence occurs or flies are
caught on traps, growers are advised to start pesticide
applications in 7-10 days, and continue them at two week
intervals until harvest. Because of its importance, studies
were conducted in high and medium density situations to
better understand the dynamics associated with first emer-
gence. Other studies in low density levels as is exper-
ienced in most commercial orchard situations were carried
out to determine if those same dynamics are applicable with
pesticide pressured populations.

A portion of this study contrasts methods of measuring
or estimating emergence. Several methodologies have evolved
in the past to measure this event. The first method was to
place emergence cages over naturally infested ground and
monitor emergence. Another was to seed cages in the fall,
and emergence monitored the following summer. Later traps
were designed to measure populations that are actually
present and active in trees. Yellow traps were designed
that mimicked foliage and red spheres were used that

mimicked fruit. A study of these methods will measure the
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variability associated with each method, and the result
should be to determine which method is best. Best can be
defined as that method which catches flies consistently
earlier and has the smallest coefficient of variation (C.V.)
of first catch, is the most practial to use, and is a better
indicator of fly activity in the tree<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>