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Executive Summary


In 2010 and 2011, the sex pheromone of cranberry tipworm was identified by the Gries lab
at Simon Fraser University as one optical isomer of a straight chain hydrocarbon that has a
double bond and two chiral centres. The sex pheromone was very attractive to cranberry
tipworm, but very difficult to synthesize. Racemic pheromone, which contains all four
optical isomers, was less attractive but less expensive to synthesize.



Here we determine whether racemic pheromone is attractive enough to have value as a
product for monitoring cranberry tipworm adults.



Results of field tests on two farms confirmed that the single optical isomer sex pheromone
is attractive and would be an excellent monitoring tool if it was easier to synthesize.
Racemic pheromone attracted many fewer males, but might be a suitable monitoring tool.



The attractiveness of racemic pheromone might be improved if the amount of the single
isomer sex pheromone could be selectively increased. Discussions are underway to
determine the feasibility and commercial potential of this approach.



Female cranberry tipworms were caught in traps regardless of the bait (racemic
pheromone, single optical isomer pheromone, or hexane blank) in the lures. If racemic
pheromone is not produced commercially, then the use of blank traps to catch females
might indicate the onset and duration of tipworm egg-laying activity in cranberry fields.
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Introduction
Cranberry tipworm, Dasineura oxycoccana (Johnson) (Diptera: Cecidomyiidae), is a
significant pest of cranberry (Vaccinium macrocarpon Aiton) in British Columbia and in other
cranberry-growing regions of North America. Monitoring for cranberry tipworm is done by
examining shoot tips under a microscope to detect eggs and larvae. The cupped leaves
indicating tipworm presence only become apparent when the tiny larva within has almost
finished its development, by which time the tip has been damaged or killed. Monitoring by
microscope is an excellent, accurate way of detecting eggs and larvae, but it is time-consuming.
If adult tipworms could be detected, foreshadowing the appearance of eggs and larvae in the
shoots, management of this pest could improve.
The most specific way to monitor adult insects is to attract the males to a trap baited
with a synthetic version of the female’s sex pheromone. In 2010, the sex pheromone of
cranberry tipworm was tentatively identified for the first time by Regine Gries, Grigori Khaskin
and Gerhard Gries at Simon Fraser University. A field test on a cranberry farm in Pitt Meadows
BC showed that lures loaded with racemic pheromone (which is a mixture of optical isomers
including the isomer that is the sex pheromone of cranberry tipworm) were 6 times more
attractive to cranberry tipworm males than were blank lures (Fitzpatrick, 2010).
In 2011, components of the candidate pheromone were field-tested individually and in
combination (Fitzpatrick, 2011). Field tests confirmed the attractiveness of racemic pheromone
(“ABCD” in Fitzpatrick 2011) and the identity of the single optical isomer (“D” in Fitzpatrick
2011) that is the sex pheromone.
Synthesis of the single optical isomer sex pheromone of cranberry tipworm is more
expensive than synthesis of racemic pheromone. In 2012, we tested the hypothesis that
racemic pheromone can be used to monitor flight activity of cranberry tipworm adults. In a 13week field test on two cranberry farms, the attractiveness of racemic pheromone was
compared with the attractiveness of the single optical isomer that is cranberry tipworm
pheromone. We also evaluated the relationship between numbers of males trapped and
numbers of immature tipworms in cranberry shoots.
Objectives
1. Determine if racemic pheromone can be used as a monitoring lure for cranberry tipworm
adults.
2. If the outcome of Objective 1 is positive, begin the process of developing a commercial
pheromone lure with the local company Contech Enterprises, Inc. (formerly Phero Tech,
Inc.).
3. Write a scientific manuscript reporting the identity of cranberry tipworm pheromone (per
Fitzpatrick’s 2011 report).
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Methods
Field tests were set up on two farms with a history of tipworm infestation in Pitt
Meadows, BC. In one field on each farm, an array of white cardboard delta traps (24 cm long x
10 cm high x 10 cm wide) attached to wooden stakes was laid out in a randomized complete
block design (10 blocks) (Figure 1). Trap bottoms were approximately 30 cm above the
cranberry shoot tips. There were 10 ‒ 15 m between the three traps in each block, and
between blocks. Each trap within each block contained one grey rubber lure that had absorbed
one of three treatments: 400 μg of racemic pheromone dissolved in 300 μl hexane; or 100 μg
single isomer pheromone dissolved in 300 μl hexane; or 300 μl hexane alone (Figure 1). Lures
were prepared by R. Gries.
Traps were replaced with fresh ones every week. These traps were coated on all three
interior surfaces with sticky adhesive, so the lure was carefully transferred to a new trap each
week. To prevent contamination between the three treatments, all hexane-loaded lures were
transferred first, then all single isomer pheromone lures, and finally all racemic pheromone
lures. Care was taken not to touch the outside surfaces of the trap after touching any lure.
(We note that it would be more convenient to use delta traps with a sticky floor insert that
could be removed each week.) After six weeks, each lure was replaced with a new one.
Traps were taken to the lab in Agassiz where they were viewed through a binocular
microscope (16 X magnification). Numbers of trapped male and female cranberry tipworms
were recorded. Counts were log-transformed to normalize their distribution, then analyzed by
repeated measures analysis of variance to assess differences between treatments.
Every week, 10 cranberry shoots in each block were removed by cutting the stem with
clippers. The tallest, most advanced shoots were chosen. When “cupping” (tipworm damage)
became apparent in the field, we collected 5 cupped and 5 uncupped shoots from each block.
Later in the season most collected shoots were cupped, because most shoots in the field were
cupped. Shoots were put into labelled plastic containers which were placed in a cooler with
icepacks for transport to the lab in Agassiz. Within 30 h, the shoots were viewed through a
binocular microscope (20 X magnification) and the numbers of immature tipworms were
recorded. Average numbers of each stage per week were graphed for comparison with
numbers of male cranberry tipworms trapped each week. The growth stage of the cranberry
plants was recorded photographically each week.
To verify the identity of trapped insects, a subsample of male tipworms was collected
for DNA analysis from traps on Farm 1 baited with single isomer pheromone (on July 25) and
with racemic pheromone (on August 1). On those dates, four new delta traps were baited with
the appropriate lure, and two open petri dishes filled with 0.01% Triton solution were stuck to
the bottom of each trap. After one hour, tipworms in the solution were transferred into vials of
90% ethanol and transported in a cooler to the lab in Agassiz. Mitochondrial DNA of the 20 of
the tipworms captured with each bait was compared wth DNA of previously identified
cranberry tipworms, according to established procedures (Mathur et al., 2012).
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Figure 1. (Top) Array of delta traps attached to wooden stakes.
(Bottom) Interior of trap showing the suspended grey rubber lure.
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Results
Objective 1. Determine if racemic pheromone can be used as a monitoring lure for cranberry
tipworm adults.
On Farm 1 (Figure 2 Top), traps baited with single isomer or racemic pheromone
occasionally caught one or two tipworm males during the first six weeks of the field test. The
insecticide Delegate (spinetoram) was applied on May 24 and June 15. On July 4, an average of
2.5 males per trap were recovered from single isomer traps and an average of 0.1 males were
recovered from racemic traps. On July 11, catches in single isomer traps increased dramatically
(average 70.2 males per trap), whereas an average of 4.6 males were recovered from racemic
traps, and an average of 0.8 males were recovered from hexane (blank) traps. Catches in single
isomer traps increased further (average 90.6) on July 18, then decreased (average 30.5) on July
25, following a Delegate application on July 24. Catches in racemic traps averaged 4.9 and 2.3
on July 18 and 25, while hexane (blank) traps averaged 0.7 and 1.3. Catches in single isomer
traps decreased to an average of 4.7 on August 1, then increased (average 31.1 and 16.5) on
August 7 and August 15. Catches in racemic and hexane traps averaged 3.2 or less for the final
three weeks of the field test. Repeated measures analysis of variance on data from June 5
through August 15 confirmed conclusions drawn from graphical analysis: from July 4 through
August 15, single isomer traps caught significantly more males than did racemic or hexane
(blank) traps (P < 0.05). Mitochondrial DNA (COI region) of a subsample of 20 males from single
isomer traps and 20 males from racemic traps was consistent with cranberry tipworm DNA.
On Farm 1, small numbers of females were caught in traps independently of lure
treatment (repeated measures analysis of variance; P > 0.05). On July 11, an average of 6.8
females were caught per trap. During the subsequent five weeks, the average numbers of
females trapped were 5.7, 6.4, 8.4, 10.1 and 5.2.
On Farm 1, infested shoots (Figure 2 Bottom) were first detected on May 29. The
average percentage of shoots that were infested increased from 6% on June 12 to 20% on July
4, before single isomer traps were catching many males. On July 11, 18 and 25, the average
percentage of infested shoots ranged from 71 -78%. On August 1, after the Delegate
application, the percentage of infested shoots decreased to 50, then increased to 72% during
the final two weeks of the field test. The increase in % infestation in July occurred during
bloom and fruit set when pollinators were active. Honeybee hives were removed from the field
before Delegate was applied on July 24.
On Farm 1, the average number of immature tipworms per 10 cranberry shoots (Figure
3 Top and Bottom) was less than five until the eighth week (July 11) when 18.5 immatures,
most of them first instars, were detected. The number of immatures decreased from an
average of 21.7 in the ninth week (July 18) to approximately 15 in weeks 10, 11, and 12 (July 25,
August 1, and August 8) after the Delegate application. In week 13 (August 15), there was an
average of 23.6 immatures per 10 shoots, and most of them were third instars. Parasitoids
might have been developing inside these third instars (see Peach et al., 2012), causing them to
remain in the shoots longer than usual.
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Figure 2. Farm 1 (Top) Average number of tipworm males caught in delta traps baited with
single isomer pheromone (red), racemic pheromone (blue) or hexane only (black). (Bottom)
Average percentage of cranberry shoots infested with tipworm immatures. Photos show
phenological stage of crop. Vertical dotted lines and low arrows show Delegate applications.
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Figure 3. Farm 1 Average number of immature tipworms per 10 cranberry shoots, shown
separately for each stage (Top) or cumulatively (Bottom). Week 1 = May 22; Week 7 = July 3;
Week 13 = August 14 (per Figure 2). Low arrows show Delegate applications.
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On Farm 2 (Figure 4 top), traps baited with single isomer or racemic pheromone
occasionally caught one or two males during the first five weeks of the field test. The
insecticide Diazinon (diazinon) was applied on May 18 and Sevin (carbaryl) was applied on June
9. On June 27 (in the sixth week), single isomer traps caught an average of 1.9 males per trap,
racemic traps caught an average of 0.8 males per trap, and hexane (blank) traps caught an
average of 0.3 males per trap. On July 18 (in the ninth week), the average number of males in
single isomer traps increased to 9.8, while racemic traps caught an average of 1.5 males per
trap. Sevin was applied on July 24, so traps were not checked on that date. On August 1, in the
eleventh week, catches in single isomer traps averaged 19.8 males per trap. Most of these
males were probably caught before Sevin was applied. On August 8, single isomer traps caught
an average of 6 males and, on August 15, single isomer traps caught an average of 16.5 males.
On August 1, 8, and 15, the average number of males caught in racemic traps was less than 3,
whereas the average number in hexane (blank traps) was less than 1. Repeated measures
analysis of variance on data from June 5 through August 15 confirmed conclusions drawn from
graphical analysis: from July 4 through August 15, single isomer traps caught significantly more
males than did racemic or hexane (blank) traps (P < 0.05).
On Farm 2, small numbers of females were caught in traps independently of lure
treatment (repeated measures analysis of variance; P > 0.05). On July 11, an average of 0.2
females were caught per trap. During the subsequent five weeks, the average numbers of
females trapped were 1.2, (no data on July 24 due to Sevin application), 6.6, 2.7 and 0.8.
On Farm 2, infested shoots (Figure 4 Bottom) were first detected on May 29. The
average percentage of shoots that were infested remained below 10% until 4 July, when it
increased to 24%. Average percentage infestation increased to 51% on July 11 and 70% on July
25, then decreased, after the Sevin application, to 46% on August 1, then 41% on August 8, and
27% on August 15. The increase in % infestation in July occurred during bloom and fruit set
when pollinators were active. Honeybee hives were removed from the field before Sevin was
applied on July 24.
On Farm 2, the average number of immature tipworms per 10 cranberry shoots (Figure
5 Top and Bottom) was 1.3 or less until the sixth week (June 27), when 2.1 immatures, most of
them first instars, were detected. The average number of immatures per 10 shoots increased
to a maximum of 19.9 (mostly first instars) in week 9 (July 18). After the Sevin application in
week 10 (July 24), the average number of immatures per 10 shoots decreased to 12.7, 11.5, and
6.6 during the last 3 weeks of the field test. During weeks 11 and 12, after the Sevin
application, most of the immatures were eggs or first instars. It is probable that the insecticide
killed second, third and many first instars, in addition to killing many males and egg-laying
females.
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Figure 4. Farm 2 (Top) Average number of tipworm males caught in delta traps baited with
single isomer pheromone (red), racemic pheromone (blue) or hexane only (black). (Bottom)
Average percentage of cranberry shoots infested with tipworm immatures. Photos show
phenological stage of crop. Vertical dotted lines and low arrows show Sevin applications.
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Figure 5. Farm 2 Average number of immature tipworms per 10 cranberry shoots, shown
separately for each stage (Top) or cumulatively (Bottom). Week 1 = May 22; Week 7 = July 3;
Week 13 = August 14 (per Figure 2). Low arrows show Sevin applications.
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The following paragraphs summarize the results of field tests on the two farms. The
single isomer pheromone effectively attracted tipworm males to sticky traps. The temporal
pattern of catch in traps baited with the single isomer was similar to the pattern of shoot
infestation. Traps baited with racemic pheromone did not show the pattern of increase, peak
and decline that was so evident with the single isomer pheromone.
The number of males caught in traps baited with the single isomer pheromone was not
directly related to the percentage or the number of tipworm-infested shoots in the region of
the traps. For example, on Farm 1 on July 11, single isomer pheromone traps caught about 70
males per trap, and about 70% of cranberry shoots near the traps were infested with immature
tipworms (about 18 per 10 shoots). But on Farm 2 on July 17, single isomer pheromone traps
caught about 10 males per trap even though about 70% of shoots near the traps were infested
with immature tipworms (about 19 per 10 shoots). Further investigation is needed to better
understand these relationships.
The number of females caught in traps increased during the final six weeks of the field
test, during the period when single isomer pheromone traps caught the most males. Females
were not attracted by the single isomer or racemic pheromone lure. They may have been
attracted to the white colour of the trap, or to the shelter the trap provided. If pheromone
cannot be produced commercially, then the use of blank traps to catch females might reliably
indicate the onset and duration of tipworm egg-laying activity in cranberry fields.

Objective 2. If the outcome of Objective 1 is positive, begin the process of developing a
commercial pheromone lure with the local company Contech Enterprises, Inc.
(formerly Phero Tech, Inc.)
The outcome of Objective 1 was somewhat positive, in that racemic pheromone caught
more males than did the hexane (blank) lure on Farm 1. On October 25, 2013, Fitzpatrick met
with the chief scientific officer, the senior chemist and the junior chemist at Contech
Entreprises to discuss the feasibility of producing a commercial single isomer or racemic
pheromone lure.
Contech personnel noted that synthesis of the single isomer pheromone involves 15
steps, and product yield is very low. Commercially viable synthesis of pheromones is typically
limited to six steps. Therefore, it is very unlikely that the single isomer pheromone can be
produced commercially.
The racemic pheromone would be easier to synthesize. Its attractiveness in the field
might be improved if the amount of single isomer pheromone within the racemic pheromone
could be increased. Careful further examination is required to determine the feasibility of this
approach.
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Objective 3. Write a scientific manuscript reporting the identity of cranberry tipworm
pheromone.
The manuscript “Populations of the Gall Midge Dasineura oxycoccana on Cranberry and
Blueberry Produce and Respond to Different Sex Pheromones”, by Sheila M. Fitzpatrick, Regine
Gries, Grigori Khaskin, Daniel A. H. Peach, Jessika Iwanski and Gerhard Gries, has been written
and submitted to the Journal of Chemical Ecology. It has received favorable reviews and, after
modest revision, will be in press.

Discussion, Deliverables, and Future Work
This is the first time that pheromone lures have been used to monitor cranberry
tipworm adults. The pattern of increases, peaks and decreases in the number of cranberry
tipworm males caught in traps baited with the single isomer pheromone was synchronous with
the pattern of increases, peaks and decreases in percent infestation in shoots, although there
was not a tight correlation between the number of males in pheromone traps and the
percentage of infested shoots or the number of larvae per shoot.
Unfortunately, synthesis of the single isomer pheromone is presently too expensive to
warrant commercial production of it. Further investigation of the racemic pheromone lure as a
monitoring tool is still warranted.
With or without a pheromone lure for monitoring cranberry tipworm adults, the
monitoring of immature cranberry tipworms on commercial farms deserves further study,
particularly to evaluate the effectiveness of established and newly registered insecticides, and
the role of parasitoids in tipworm management.
The deliverables produced in 2012 include one scientific manuscript under revision, one
poster presentation, and three published scientific manuscripts that report data from earlier
work on cranberry tipworm. All are available upon request.
 Manuscript under revision in 2012. “Populations of the Gall Midge Dasineura oxycoccana on
Cranberry and Blueberry Produce and Respond to Different Sex Pheromones”, by Sheila M.
Fitzpatrick, Regine Gries, Grigori Khaskin, Daniel A. H. Peach, Jessika Iwanski and Gerhard
Gries. Journal of Chemical Ecology.
 Poster presentation. “Evidence suggests cryptic speciation in Dasineura oxycoccana on
cranberry and blueberry” by Sheila M. Fitzpatrick, Melissa A. Cook, Snehlata Mathur,
Bradley J. Sinclair, Bernard D. Roitberg and Gerhard Gries. Presented at the Pacific Branch
of the Entomological Society of America conference in Portland, OR, and at the
Entomological Society of Canada conference in Edmonton, AB.
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 Manuscript published in 2012. “Hymenopterous parasitoids of cranberry tipworm (Diptera:
Cecidomyiidae) in British Columbia, Canada” by Daniel A. H. Peach, John T. Huber and
Sheila M. Fitzpatrick. The Canadian Entomologist 144: 487-490.
 Manuscript published in 2012. “DNA barcodes suggest cryptic speciation in Dasineura
oxycoccana (Diptera: Cecidomyiidae) on cranberry and blueberry in British Columbia” by
Snelata Mathur, Melissa A. Cook, Bradley J. Sinclair and Sheila M. Fitzpatrick. Florida
Entomologist 95: 387-394.
 Manuscript published in 2012. “Phenology of Dasineura oxycoccana (Diptera:
Cecidomyiidae) on cranberry and blueberry indicates potential for gene flow” by Melissa A.
Cook, Sheila M. Fitzpatrick and Bernard D. Roitberg. Journal of Economic Entomology 105:
1205-1213.
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