ABSTRACT
RUBINSTEIN, JOSHUA MICHAEL. Pollen traps as a beekeeping integrated pest
management tool: Their use in IPM for varroa mite control and for reducing the impact of
microencapsulated pesticides on honey bee colonies. (Under the direction of John T.
Ambrose.)

Honey bee (4pis mellifera) colonies were equipped with pollen traps obtained
from the CC pollen company. One set of studies compared bee deaths and pesticide
residues in pollen trap-treated colonies with untreated control colonies placed near
agricultural fields that were sprayed with microencapsulated methyl parathion (Penncap-
M®). A second set of studies examined the effect of the pollen traps on varroa mite
(Varroa destructor) populations compared with mite populations in control colonies that
were treated with the labeled chemical treatment for varroa mites.

Pesticide Studies: The pesticide studies were in response to the problem of bee
deaths due to poisoning by microencapsulated methyl parathion. The microcapsules are
in the size range of pollen grains and poisoning became a problem in fruit orchards where
the pesticide drifted onto blooming ground cover where it was accidentally collected
along with pollen by foraging honey bees. The studies showed that the
microencapsulated pesticide persisted on orchard ground cover (clover) for several days
after the pesticide was sprayed. The pesticide was also in the pollen loads that were
removed from foragers by the pollen traps, and in the bees that were dying as a result of
the pesticide spray. The presence of the pollen traps did not significantly reduce bee
deaths or pesticide residues in the treated colonies.

The pesticide studies also showed that under drought conditions, blooming

orchard ground cover plants such as clover may be sufficiently unattractive to foraging



honey bees to prevent the expected pesticide poisoning that would normally occur after a
Penncap- M® spray. In such cases drought may be an IPM tool for managing bee
colonies in some potentially dangerous agricultural settings.

Varroa mite studies: The varroa mite studies were in response to the enormous
problem of the varroa mite parasite which, over the past twelve years, has killed virtually
all feral honey bee colonies and reduced the number of managed colonies by a third.
Although there are chemical treatments available for varroa mite control, there are
problems with their use such as the development of resistant mites and the contamination
of honey and bees wax.

Pollen traps removed large numbers of varroa mites from the bee population, but
the removal was slower than chemical treatment so that the mites in pollen trap-treated
colonies continued to reproduce. In many instances, mite levels remained below the
established economic treatment threshold when the pollen traps were used in July and
August. However, when pollen traps were used in December and January, mite levels
were in all cases above the treatment threshold. These results show that pollen traps do
have a value in varroa mite IPM. Future studies should examine the effect of pollen traps
on varroa mite populations when the traps are used earlier in the year to prevent or reduce

the chance that mite levels will reach economic threshold levels.
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INTRODUCTION

The western honey bee, Apis mellifera, is economically important for the products
it produces, and to a much greater extent, for its work as a pollinator. Robinson et al.
(1989) estimated that a $9.3 billion annual increase in U.S. agricultural production is
attributable to honey bee pollination, while 11 years later Morse and Calderone (2000)
estimated a $14.6 billion increase. The increase occurs because many crops are
dependent on honey bees for pollination. In addition, many crops that are not dependent
on honey bees do benefit from increased production if honey bees pollinate them.
Despite the recent attention that has been given to alternate pollinators, honey bees are
still by far the most important agricultural crop pollinators.

Honey bees face a number of important challenges to their survival. These
challenges include the long-standing problem of incidental contact with pesticides in the
environment and, in recent years, introduced pest species.

Starting in the late 1800’s with the introduction of modern commercial pesticides,
U.S. beekeepers have experienced losses due to pesticide poisoning. In a typical
incident, insecticides are sprayed on crops and bees are unintentionally killed by coming
into contact with the poison in any of several ways. Some insecticide formulations tend
to be picked up more easily by foraging bees. A major contributor to the ease with
which bees can pick up insecticides may be the branched body hairs that are adapted for
picking up tiny grains of pollen.

The problem of the pollen-adapted hairs is at its worst when foraging bees
encounter microencapsulated methyl parathion, which has been widely used to control

orchard pests. The polymer-coated microcapsules are about the same size (30-50p) as



pollen grains. Microencapsulated methyl parathion has been implicated in many severe
bee poisoning problems involving the kill of newly emerged adult bees and honey bee
brood.

U.S. honey bees have experienced a series of pest problems. The first of these
problems started in 1984 with the introduction of the tracheal mite (Acarapis woodi);,
followed by the introduction of the varroa mite (Varroa destructor) in 1987; the
Africanized honey bee (4pis mellifera x scutellata) in 1990; and most recently the
introduction of the small hive beetle (4ethina tumida) in 1998. The consequences of
these introduced pests have included a drastic reduction in the population of honey bees,
including almost all feral and approximately one third of all managed honey bee colonies
(Ambrose 2000).

The varroa mite is the worst of these pests. The use of a limited number of
chemical insecticides has been the primary means to control the varroa mite. Apistan ™
is the safest and most common chemical control. It comes in the form of plastic strips
impregnated with the pyrethroid fluvalinate, and kills the mites when they come in
contact with the strips. Due to the heavy dependence on a single pesticide, varroa mites
are showing resistance to fluvalinate (Milani 1999). In these cases, the next step is to
treat with Checkmite® which contains the active ingredient coumaphos. Coumaphos is an
organophosphate and is more dangerous to both the bees and the beekeepers who handle
the pesticide than is fluvalinate. Also, there is a greater risk of honey and bees wax
contamination from coumaphos than from fluvalinate. There are reports from New

Jersey that varroa mites are showing resistance to coumaphos as well (Nasr 2002).



The current research places an emphasis on pollen traps as an integrated pest
management tool to help control varroa mites, and to help prevent microencapsulated
pesticides from entering honey bee colonies. Use of pollen traps is a practice already
utilized by beekeepers for the purpose of pollen collection. Pollen traps were invented so
that beekeepers could collect pollen for sale in the marketplace. All pollen traps operate
on the premise that pollen loads can be dislodged from the corbiculae (pollen baskets) of
incoming foragers and collected, or trapped, so that the bee-collected pollen can be easily
obtained by the beekeeper.

The premise of the varroa studies is that pollen traps can remove mites from the
bodies of adult bees much as they can remove pollen loads. In addition, pollen traps can
act as a trap for mites that fall to the hive floor.

The premise of the pesticide studies is that pollen traps may prevent some
contaminated pollen loads from entering the hive. If bee colonies are poisoned by
incoming contaminated pollen loads, it stands to reason that a pollen trap may help to
protect against such contaminated pollen.

These studies indicate that pollen traps do have a practical value in an [PM
approach to varroa mite control. However, the pesticide under investigation,
microencapsulated methyl parathion, is no longer being used for the purposes that were
problematic for honey bees. The evaluation for reducing the impact of
microencapsulated pesticides on honey bee colonies is still relevant because
microencapsulation remains an attractive formulation for growers, and microencapsulated

pesticides may be problematic in the future.



LITERATURE REVIEW
The Importance of Honey Bees

The western honey bee, Apis mellifera, is economically important for the products
it produces, and to a much greater extent for its work as a pollinator. Products taken from
honey bee colonies and sold in the marketplace include honey and beeswax, and to a
lesser extent, pollen, royal jelly, propolis and venom. Though honey bees have been
valued for their honey and beeswax since they were brought to the New World from
Europe in the 1600's (Hoff and Willet 1994), their value as pollinators has been studied
carefully only in recent times.

In careful evaluations, Robinson et al. (1989) estimated that a $9.3 billion annual
increase in U.S. agricultural production is attributable to honey bee pollination, while
Morse and Calderone (2000) estimated a $14.6 billion increase. The increase occurs
because many crops are dependent on honey bees for pollination. In addition, many
crops that are not dependent on honey bees do benefit from increased production if honey
bees pollinate them. Examples of crops that depend on or benefit from honey bee
pollination include almonds, apples, pears, alfalfa seed, blueberries, cherries, melons and
citrus fruits.

In North Carolina, the annual value of honey bee pollination is estimated to be
$97 million (Ambrose 1997). This figure considers only commercial crops. Some
important crops in NC that depend on honey bees for proper pollination include apples,

cucumbers, watermelons and other vine crops. In addition to such agricultural crops,



honey bees also pollinate plants in home gardens and plants that provide food for
wildlife. The importance of the beekeeping industry in North Carolina is emphasized by
the fact that the fruits and vegetables grown in home gardens and the seeds and berries
that provide food for wildlife all depend at least partly on the services of honey bees.

Approximately 2.5 million honey bee colonies were rented for crop pollination in
the U.S. in 1999 (Morse and Calderone 2000). Included in this figure are the colonies
moved around the country in migratory beekeeping operations. Each year, approximately
one million colonies are moved from Texas and the Great Plains to California and back,
mostly for almond pollination. Migratory beekeepers also operate up and down the East
Coast from Florida to New England and back each year. The introduction of new honey
bee pests over the past 18 years has hindered the migratory pollination practices. As
states endeavored to keep pests out, they placed tougher restrictions on the movement of
bees across their borders.

As pollinators, honey bees have many advantages over other bees. Honey bees
live in populous colonies, which can be contained in portable hives. Honey bee colonies
live throughout the year as opposed to other bees, which are available only during a short
season, and the hives can be placed in agricultural fields at any desired orientation or
density. The honey bee’s ability to quickly recruit large numbers of foragers to food
sources, its ability to exploit a large variety of flowering plants for pollen and nectar, and
its habit of visiting one plant species at a time all contribute to the superiority of the
honey bee as a pollinator (Hoff and Willet 1994). Other pollinators are often ground-

nesting bees. Such bees tend to be less compatible with agricultural crops compared to



honey bees because farming practices disturb the ground that the other pollinators use as

nesting sites and because the nesting sites are more vulnerable to pesticide runoff.

Introduced Pests of Honey Bees and Recent Problems

In addition to diseases that have existed from the start, and pesticide-related bee
kills that have been a problem since the 1930's, the number of problems facing the U.S.
beekeeping industry has escalated in the last 18 years. The introduction of a series of
pests and parasites has reduced the availability of honey bee colonies for the pollination
of commercial crops, home gardens and plants producing food for wildlife.

The arrival of the tracheal mite, Acarapis woodi, and the varroa mite, Varroa
destructor, occurred in the mid 1980's. The damage inflicted on honey bees by these
parasites has resulted in a drastic reduction in the number of honey bee colonies (Morse
and Calderone 2000). North Carolina has experienced a 30% reduction in the number of
managed colonies and an almost complete loss of feral colonies (Ambrose 1997).

The problems with tracheal mites have largely subsided. The tracheal mite gets
its common name from the fact that it spends the majority of its life in the tracheal system
of the adult honey bee where it feeds on the bee’s hemolymph. The mite was a native
pest of the western honey bee dating back before the bees were brought to the New
World. Tracheal mites were first discovered in the United States in Weslaco, Texas in
July 1984 (Delfinado-Baker 1984). Initially, substantial bee kills were seen, but over the
years, the bee’s vestigial resistance has strengthened. Resistant honey bee stocks, in

addition to effective control of the mites using menthol treatments in beehives, have



largely eliminated the tracheal mite problem. The varroa mite is the more serious of the
mites and is discussed at greater length in later sections of this literature review.

The small hive beetle, Aethina tumida, was confirmed to be present in the U.S. in
June of 1998 (Smith 1998). Approximately 20,000 honey bee colonies were lost to the
beetles in Florida alone during that first year (Sanford 1998). Although its true potential
as a pest of honey bees remains unknown, small hive beetles (SHB’s) continue to spread
and to be an economic and psychological drain on U.S. beekeepers. As of June 2002,
SHB’s have spread to over the half the states in the U.S., including the entire East Coast
(Keller and Ambrose 2002a). The small hive beetle was confirmed to be present in North
Carolina in November of 1998 (Hopkins et al. 1999). As of June 2002, SHB’s have been
found in about half of the 100 counties in the NC. The spread is facilitated by the
movement of bees, particularly along interstate highway corridors (Keller and Ambrose
2002b).

The spread of SHB’s may also be partly explained by the fact that they are not
obligate honey bee pests. Keller (2002) has shown that the beetles can survive and
reproduce on a number of fruits. Therefore, they may be able to spread to new locations
without the aid of honey bees.

Africanized honey bees (AHB's) have been in the U.S. since October of 1990 and
are now established in several states (TX, NM, NV, CA and AZ). AHB colonies are
more difficult to manage, present a greater health hazard than purely western honey bees
and place additional pressure on the beekeeping industry (Guzman-Novoa and Page
1994). The presence of AHB's discourages individuals from beekeeping, causes negative

perceptions of honey bees among the public and limits the movement and shipment of



honey bees within the country. The spread of AHB's eastward from Texas has been
slowed considerably and they will probably not become established in North Carolina
any time in the near future.

Several factors contribute to the slowed movement of AHB’s. Restrictions on the
movement of bees from areas where AHB’s are found prevent both the sale of bees and
the rental of colonies for pollination from those areas. Also, there has been a lot of effort
along the migration front to destroy honey bee swarms and to ensure European queens
are in place in managed colonies. Additionally, AHB’s seem to be more susceptible to
varroa mite damage outside of tropical conditions. As AHB’s move into areas with cooler
temperatures, they require more development time as larvae. This longer development
time allows the varroa mites more time to reproduce, resulting in increased colony death

for the migrating AHB’s.

Varroa Mites
Biology of varroa mites

The varroa mite, Varroa destructor (Oudemans) is an external parasite of honey
bees. Adult female varroa mites measure 1.1 mm long x 1.6 mm wide and are reddish-
brown in color. The less conspicuous males are smaller, measure about 500 um wide,
and are very light yellow in color.

Varroa mites require bee brood to reproduce, so that mite populations are highest
after periods of increased brood-raising by the host honey bee colony. Varroa prefer
drone brood, which has a longer development time, to worker brood. Worker brood does,

however, get attacked by varroa, especially in heavily infested colonies.



A gravid female mite enters an open brood cell and hides upside-down beneath
the bee larva, submerged in the liquid brood-food. Once the cell is sealed and the bee
larva begins to pupate, the mite pierces the pupa using its specialized mouthparts and
feeds on the bee hemolymph. The mite begins to oviposit 60 hours after capping, laying
single additional eggs at 27-30 hour intervals. The first egg becomes a male, while each
of the subsequent 2-6 eggs become female. If the brood cell contains a worker larva, an
average of 1.3 female offspring are produced; if the cell contains a drone larva, the
average is 2.6 female offspring (De Jong 1987). The male mite matures in 5 to 6 days
and mates with each maturing sister mite. After mating, the male mite’s life cycle is
complete. Female mites mature in 6 to 7 days (De Jong 1987) and emerge from the cell
attached to the adult bee as the bee emerges. On average, the number of reproductive
cycles for a female mite is between 1.5 and 2.

Adult female mites live on adult bees. They attach themselves to various parts of
a bee’s thorax or abdomen and suck hemolymph for food. The mites can, however, move
rapidly over the bee’s body, (De Jong et al.1982) as well as move from one bee to
another.

After traveling and feeding an average of 7 days on the original adult bee or on
another bee, the mites transfer to a suitable brood cell in order to lay eggs and produce
the next generation of varroa mites. Mites that fall off bees can live on their own for only
about 20 hours (De Guzman et al.1993).

For additional detailed information about varroa mite biology, see De Jong et al.

(1982) and De Jong (1987).



The origin of the varroa mite and its introduction to Apis mellifera

Varroa destructor was until recently thought to be a closely related mite species
called Varroa jacobsoni (Anderson and Trueman 2000). Both species parasitize the
Asian honey bee, Apis cerana. Anderson and Trueman (2000) determined that the mite
species originally described as V. jacobsoni by Oudemans in 1904 (Oudemans 1904) is
part of the same species complex, but not the same species that made the jump to Apis
mellifera.

That jump probably first took place in the Philippines in the early 1960’s (De
Jong et al.1982). Only after A. mellifera were imported to the Philippines, thereby
coming into close contact with Apis cerana and their accompanying parasites, was
varroa known to be a parasite of A. mellifera.

There are several reasons that 4. cerana colonies are able to withstand varroa
infestations with relatively little damage compared to A. mellifera. A. cerana practice
more active grooming (Peng et al.1987) and hygienic (Spivak 1996) behaviors than do 4.
mellifera. Grooming behavior refers to the removal of mites from the bodies of adult
bees and hygienic behavior refers to the removal of unhealthy brood from the hive.

The tropical climates in which A. cerana are found afford shorter development
time for bee brood compared to longer development time for A. mellifera in temperate
climates. This short development time limits the number of mites that can mature during
the capped brood stage. In addition, varroa mites usually reproduce only in drone cells

when parasitizing 4. cerana, but reproduce in both worker and drone cells in 4. mellifera.
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The spread of varroa mites

The original species jump to 4. mellifera and the subsequent spread of varroa
mites to most regions of the world can both be attributed to movement of bees by
humans. Once varroa are in an area, however, they may spread in other ways. Varroa
mites were first reported in the U.S. in 1986. Their spread within the country was and
continues to be due to several factors including robbing and drifting by honey bees.
Robbing and drifting behaviors allow bees from one colony to enter other colonies. A
drifting bee (usually a forager carrying food) is accepted into a colony other than its
parent colony and may bring mites with it. A robbing bee enters a weak colony to obtain
food. During the robbing event, mites may be transferred from or to the robber bee,
effectively spreading mites from one colony to another. Another contributor to the
spread of varroa mites is the introduction of infested swarms into apiaries. Such swarms
are often incorporated into an apiary without the bees being treated or examined for mites

(Rademacher 1991).

Damage caused by varroa mites
Untreated varroa mite parasitism of honey bee larvae and adults will usually result
in the death of the bee colony. Colony death usually occurs within two years. Brood that
have been parasitized by several mites often develop into abnormal adults. Such adults
exhibit wing deformities, leg deformities, shortened abdomens, reduced longevity and
lower weight (De Jong et al.1982). Also, mites piercing bee larvae seems to cause
detrimental secondary effects. Colonies infested with varroa mites have shown increased

and damaging levels of acute paralysis virus (Ball 1985) and parasitic mite syndrome
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(Shimanuki et al.1994). Bees weakened by varroa infection may also be more
susceptible to invasion by other pathogens.

On a national level, nearly all feral honey bee colonies in the U.S. have died since
the introduction of varroa mites (Krause and Page 1995) with the varroa mites being the
primary cause of this loss. In addition, it is estimated that varroa mites are responsible

for the deaths of at least 30% of the bee colonies managed by people (Ambrose 2000).

Consequences of varroa mite infection

In addition to the substantial number of colonies that are killed by varroa mites,
many colonies are weakened by varroa infection. This weakened condition has economic
consequences including reduced pollination efficiency by bee colonies and reduced
honey production. Beekeepers experience further economic loss because of the financial
and labor costs associated with combating the mites. For example, the recommended two
treatments of Apistan each year currently costs from $6.36 to $8.80 (Dadant and Sons
2000; Mann Lake Ltd. 2000). The net result is fewer honey bees and increased

management demands and expense for the remaining bee colonies.

Control of varroa mites
Chemical
Chemical control of varroa mites is difficult for several reasons. The mites
complete their entire life cycle in close association with their honey bee hosts, so the
chemical treatments must not be harmful to bees. Further, a substantial portion of the

mite population is typically located in sealed bee brood cells that are difficult to safely
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penetrate with most chemicals. The timing of pesticide applications also presents a
problem if the chemical is to be prevented from contaminating honey destined for human
consumption.

Other considerations that create difficulty in the chemical control of varroa mites
include the need to prevent pesticide residues in commercial hive products and pesticide
resistance in mites. The pesticides currently approved by the Environmental Protection
Agency for varroa control cannot be used during honey flows. Pesticide resistant varroa
mites are a problem that has existed for some time, which highlights the need for more
and different approaches to varroa control. Premature removal of chemical mite
treatments imposed by honey flows may also contribute to pesticide resistance in mites.

Currently, there are three products (acaricides) approved in the U.S. for varroa
mite control. They are tau-fluvalinate impregnated plastic strips (Apistan®); coumaphos
impregnated plastic strips (Checkmite®) and a gel formulation of formic acid (Apicure®).
In general, these products have the advantages of offering good mite control with
minimal damage to the bees, and presenting a low risk of hive-product contamination

when used according to their labels.

Fluvalinate
First used in Austria in 1988, Apistan® has generally had widespread success in
controlling varroa mites. Apistan® is a formulation of tau-fluvalinate that incorporates
the chemical into a plastic strip for use as a contact poison. This type of formulation is
also found in familiar household dog and cat flea collars. During a treatment, each

colony’s brood nest receives two strips for approximately 56 days. This treatment is
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usually done twice a year: Once in early spring before the main honey flow, and once in
late summer after the honey harvest. Apistan® treatment is 98-100% effective when used
properly against normal (nonresistant) mite populations (Hillesheim et al.1996).

Apistan® treatment has been shown to have some negative side effects on treated
colonies. These effects include queen supercedure and lowered levels of drone survival
(Currie 1999). Rinderer et al. (1999) also found reduced numbers of healthy drones in
Apistan® treated colonies.

Use of Apistan® as the exclusive chemical to combat varroa mites in the U.S. for
a period of years, and frequent misuse during that time, have accelerated the inevitability
of fluvalinate-resistant mites. Fluvalinate resistance has been found in Europe (Lodesani
1995; Milani 1999) and in the U.S. (Elzen et al.1998; Elzen et al.1999). Such reports are
becoming commonplace. Apistan® is valuable because of its unique combination of high

efficacy and safety but resistance is a serious problem for the beekeeping industry.

Coumaphos

The organophosphate coumaphos is formulated as impregnated plastic strips sold
as Checkmite®. This use of coumaphos was approved in the U.S. in 1999 in response to
the presence of Apistan®-resistant mites. Also contributing to the approval was the need
to control the small hive beetle, Aethina tumida, a newly introduced pest of U.S. honey
bees. Many states, including North Carolina, obtained EPA section 18 emergency
exemptions for the use of coumaphos as an alternative to Apistan® for varroa treatment.

Concerns about the use of the organophosphate coumaphos by the beekeeping

industry include greater risk of harm to the applicators and greater risk of contaminated
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hive products causing a public health risk compared with the pyrethroid fluvalinate. As
with any pest subjected to the repeated use of a given pesticide, varroa mites can become
resistant to coumaphos. Some evidence of coumaphos-resistant mites has been shown in
Europe (Milani 1999), and recently, Nasr (2002) reported mites showing resistance to

coumaphos in New Jersey.

Formic acid

Formic acid liquid and vapor treatments have been used as effective treatments
for varroa mite control in Europe and in Russia since the introduction of varroa mites to
those countries. Calderone and Nasr (1991) showed 56% mite mortality using formic
acid in an autumn treatment. The formic acid vapors have the valued ability to penetrate
sealed brood cells. Fries (1991) showed a 90% survival rate of brood while still
effectively killing mites inside sealed cells.

In February of 2000, a gel formulation of formic acid was approved and labeled
for use in U.S. beehives. The new product has been shown to be about 70% effective
against varroa mites, and is effective against tracheal mites (USDA Beltsville 1999). As
of this writing, however, this formic acid product is unavailable due to problems with the
formulation and packaging discovered after its public release.

Although not as effective as other chemicals, formic acid is an appealing product
as part of an integrated pest management (IPM) approach to effective mite control.
Another appeal of formic acid is that its residues in hive products do not present a public

health concern since formic acid is a naturally occurring product found in honey.
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It may appear that the control of varroa mites has made much progress now that
there are three chemicals approved for U.S. beekeepers to use against the mites. In
reality however, there are several problems associated with acquiring and effectively
using the chemicals. Since formic acid is currently unavailable to beekeepers, there are
in practice only two approved chemicals (fluvalinate and coumaphos) for varroa mite
control. Of those two, coumaphos is limited since it is made available only by EPA
section 18 emergency exemption. In addition, varroa mites have shown resistance to
both fluvalinate and coumaphos. In light of these problems, the need for other methods

of control is urgent.

Genetic resistance

As discussed in the previous section, (The origin of the varroa mite and its
introduction to Apis mellifera), A. cerana bees have important characteristics that make
them genetically resistant to varroa mite infection. Peng et al. (1987) described
physiological and behavioral characteristics that contribute to this resistance.
Physiological characteristics include the ability of worker bees to detect and respond to
the presence of varroa mites on brood, on nest mates and on themselves. Behavioral
characteristics include rapid removal of mites from brood and from adult bees. This
removal is called grooming behavior. In addition, A. cerana have a shorter capped brood
stage compared to A. mellifera. This shorter development time limits the number of mites
that develop to maturity since the mites grow on the developing (immature stages) of the

bees. In addition, since the mites are necessarily in contact with the immature bee for a
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shorter time, the amount of damage that the mites can cause to an individual bee is
reduced.

Breeding for resistance to varroa mites in A. mellifera is a topic of ongoing study.
The goal of breeding for genetic resistance is to produce honey bee strains that can
tolerate mite infestations or reduce mite populations to very low levels. Harbo and Harris
(1999b) name several characteristics that contribute to varroa resistance. These include
duration of the capped brood period, hygienic behavior, grooming behavior, proportion of
the mite population occurring in the brood and suppression of mite reproduction.

Buchler and Drescher (1990) found that about 25% of the variation in mite
populations in 4. mellifera colonies could be explained by differences in duration of the
capped brood period. Attempts to breed A. mellifera for a shorter duration of the capped
brood stage are described and were made by Kralj and Otis (1999).

Szabo (1999) describes the history of hygienic behavior research. Hygienic
behavior involves workers removing unhealthy brood from the nest. Hygienic behavior
has been shown to aid in the control of varroa mites (Spivak 1996). Attempts have been
made to breed for hygienic bees as a control measure for varroa mites (Harbo and Harris
1999a; Harbo and Harris 1999b; Szabo 1999). At present, such breeding efforts do not
seem promising.

Several researchers describe grooming behavior that results in mutilated mites
(Morse et al.1991; Szabo et al.1996). However Harbo and Harris (1999b) found that the
characteristic of physically damaging mites is difficult to select for, and they note that

damaged mites have never been found to be related to reduced mite populations in A.
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mellifera. In addition, Peng et al. (1987) found that 4. mellifera generally fail to remove
mites from adult bees or from brood.

Mites are found in one of two situations in the bee colony. They are found in a
brood cell where reproduction takes place or on an adult bee in a phoretic stage. The
proportion of mites in brood was found to be a heritable characteristic so that bees bred to
yield a lower proportion of mites in brood should be more resistant to varroa. The reason
for differences in this proportion is probably due to attractiveness of the brood to the
mites (Harbo and Harris 1999b).

Many researchers suggest that resistance may be partly due to failure of female
mites to reproduce after they enter a brood cell; see Harbo and Harris (1999b) for an
extensive list of references on this subject. This non-reproduction characteristic probably
plays a substantial role in the varroa-resistance shown by bees in the area of far-eastern
Russia. It is likely that in that region, A. mellifera has been in association with V.
destructor for a longer period of time than any other region in the range 4. mellifera. The
association probably goes back to before the mite was described in 1904, and seems to
have resulted in honey bee stocks that demonstrate some genetic resistance to varroa
(Danka et al.1995). The phenomenon of resistant stocks of A. mellifera in that region led
to the introduction of Yugoslavian bees to the U.S. (Rinderer et al.1993) and later,
Russian bees (Rinderer et al.2000). So far, the success of these bees in adapting to U.S.

conditions has been limited.
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Essential oils

There have been many studies of the use of essential oils as control agents for
varroa mites. Essential oils and their components offer advantages over synthetic
acaricides such as low expense and few health risks. Of over 150 essential oils and
components of essential oils tested, very few have proven successful in real hive
situations. Thymol and thymol blended with essential oils offer the most promise.
Thymol tends to be well tolerated by honey bees. Calderone and Spivak (1995) found
that a blend of thymol, eucalyptus oil, menthol and camphor caused average mite
mortality of 96.7%. Calderone et al. (1997) calculated a mite mortality of 56.4% and
49.1% in colonies treated with different applications of thymol and cineol. Imdorf et al.
(1995) tested a product called Apilife VAR®, which is another blend of thymol with
eucalyptol, menthol and camphor. Apilife® was found 95% effective against varroa
under optimal conditions. Ellis et al. (2001) found Apilife VAR" to have an efficacy
ranging from 65.2 — 97.1%.

Problems associated with these kinds of treatments include development of
practical and effective delivery systems and the accumulation of residues in honey and in
wax (Imdorf et al.1999). In addition, essential oil products such as Apilife® may
decrease brood production in treated colonies (Ellis et al.2001). This decreased brood
production highlights a general problem: the common, false, assumption that essential

oils are bad for pests, but perfectly safe for bees and humans.
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Environmental Control

According to Le Conte et al. (1990), varroa mites develop optimally at
temperatures between 32.5°C and 33.4°C, a range that corresponds to the typical brood
nest temperature of 4. mellifera colonies. Mites exhibit slower reproduction at
temperatures below 28°C and above 36.5°C, and mites begin to die without reproducing
at temperatures above 38°C.

Adult female varroa mites are more susceptible to higher temperatures than are
honey bees (Rosenkranz 1987). Honey bees can withstand higher temperatures, at least
for limited periods, for several reasons including a lower surface area to volume ratio
than the smaller mites (Kommisar 1985).

Heat treatment studies to control varroa mites have been done on capped bee
brood (Marien 1995; Appel and Buchler 1991; Rosenkranz 1987) and on the whole
colony or adult bees only (Harbo 2000; McArthur 1990; Hoppe and Ritter 1986;
Kommisar 1985; Tabor and Ambrose 2000). Heat treatments usually involve short
temperature spikes applied to the adult bees. Kommisar (1985) found a heat treatment of
47°C for 2-15 minutes to be 97-98% effective in killing mites on adult bees. Hoppe and
Ritter (1986) tested temperatures ranging from 42°C — 51°C, with treatments lasting up to
30 minutes and found that up to 86% of the mites were killed. McArthur (1990) showed
100% mite mortality with treatment of adult bees at 46°C —48C for 12-15 minutes and
Harbo (2000) found that 100% of the mites dropped from adult bees at 40°C. Tabor and
Ambrose (2000) found that up to 96% of mites dropped off of adult bees after 5 days of

treatment at 40°C, with minimal bee death.
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Practical heat treatments by beekeepers are often prohibitively labor-intensive. In
addition, most successful heat treatment tests have been done on adult bees and not on
whole colonies with capped brood. Another disadvantage of this kind of varroa control is

the lack of availability and expense associated with heating equipment.

Bottom boards and pollen traps

Varroa mite control using mesh bottom boards or using pollen traps both employ
the same principle: Mites that fall to the hive floor are permanently separated from the
bees while in an unmodified hive such mites have the opportunity to recombine with the
bee population by climbing up from the hive floor back to the bees.

Pettis and Shimanuki (1999) describe a hive modification in which the majority of
the bottom board is replaced with wire mesh hardware cloth. Compared to colonies with
normal bottom boards, the colonies with mesh bottom boards had approximately 14%
lower mite levels in June and 28% lower levels in July. These results were not
statistically significant however, and both treated and control colonies reached damaging
mite levels by September. Pettis and Shimanuki (1999) also describe a variant of the
mesh bottom board called a mesh insert. The mesh insert is installed above a normal
bottom board and below the brood nest, allowing space for fallen mites to be trapped
away from the bees. Ambrose et al. (2000) demonstrated reduced mite levels using mesh
inserts, but these levels also rose to damaging levels by the end of the study.

In addition to trapping varroa mites, pollen traps have the advantage of collecting
pollen, which can provide additional income for beekeepers. Hart and Nabors (2000)

found that pollen traps installed under the brood nest could reduce mite numbers by 43%,
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a result that corroborated a similar study (Hart and Nabors 1999) a year earlier. Ambrose
et al. (2000b) demonstrated that pollen traps can remove mites from bee colonies in
numbers comparable to results using Apistan strips. Over the standard 56 days
recommended for an Apistan treatment, an average of 32.5 mites per day were removed
by pollen traps compared to an average of 38.5 mites per day in Apistan treated colonies.
However, at the end of the study, mite levels in the pollen trap treated colonies remained
at damaging levels. This lack of adequate mite control was attributed to the fact that
Apistan does 90% of its work in the first twenty days of treatment while during that same
period pollen traps removed only 50% of all the mites that would be removed over the 56
days.

Ambrose et al. (2000b) suggest that pollen traps function to remove mites from a
bee colony in a way that mesh bottom boards or mesh inserts cannot: Mites are removed
when bees entering the hive pass through the screens in the pollen trap that were designed
to remove pollen loads from foragers. The mesh bottom boards rely on normal mite fall
(mites periodically dropping off adult bees) while the pollen traps add adult bee
movement through the pollen traps. This idea is supported by the fact that the traps

appeared to remove more mites when weather conditions favored bee flight activity.

Trap comb and bee pupae destruction
Calis et al. (1998) showed that use of trap-combs (frames of worker brood at the
point just before capping) and formic acid treatment reduced varroa populations between
87-89%. The brood could be safely returned to the hive after the treatment. Fries and

Hansen (1993) confined queens to specific combs for part of the season and then
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removed the sealed brood combs to substantially reduce the number of mites in the test
hives, but this practice may also reduce total bee populations.

Shimanuki (2001) recommended cutting off the two bottom corners of brood
frames so that the workers can replace those corners with drone comb. The resulting
drone brood can then be selectively removed along with any mites that may be in those
brood cells. This is a sound beekeeping practice not only because drone brood is more
expendable than worker brood, but also because varroa mites prefer to reproduce on
drone brood to worker brood. Hart and Nabors (2000) placed drone comb in the middle
of brood chambers, which were removed for destruction when fully capped. This drone
pupae destruction helped to reduce overall mite numbers in the test colonies. Note,

however, that the practice is labor-intensive.

Integrated pest management for varroa control

It makes sense to adopt an [IPM approach to varroa control. Individual measures
such as mesh bottom board inserts, drone pupae destruction or Apilife” treatment are
insufficient to control varroa populations. Combinations of such measures in an overall
management scheme will be helpful in a move away from dependency on regular
applications of synthetic acaricides.

Ellis et al. (2001) combined Apilife® treatment with mesh bottom board inserts,
and Hart and Nabors (2000) combined pollen traps with drone pupae destruction. Other
elements of an IPM program might include installation of packages on foundation rather
than on drawn comb (Ambrose 2000b) and use of natural products such as citrus leaves

as smoker fuel (Eischen and Wilson 1997).
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The consensus is that genetic resistance to mites should be a top priority in mite
control research. In addition to resistance, any method that can delay chemical treatment
or reduce the frequency of such treatments should be considered, and varroa populations
must be monitored so that synthetic acaricides can be applied if mite levels get too high.
Delaplane and Hood (1999) established an economic threshold for varroa mites in the
southeastern United States. They found that bee colonies of average size (about 30,000
bees) can optimally benefit from a chemical acaricide treatment if an overnight bottom
board insert yields mite levels of 59-187, or if an ether roll of 300 adult bee yields mite
levels of 15-38.

The goal of IPM is not to eliminate chemical treatments, but to minimize and
optimize pesticide use. Non-pesticide approaches to varroa mite control should be
employed in combination with monitoring mite levels. With an economic threshold in
mind, an IPM plan for varroa mite control can incorporate pesticide and non-pesticide
measures.

In addition, any IPM plan must be acceptable to beekeepers. In North Carolina,
most beekeepers are hobbyists who will require a simple IPM plan. A complicated IPM
plan with too many options will likely never be employed. However, the consequences
of non-employment of an IPM plan are severe and may include the predominance of
acaricide-resistant varroa mite populations. Such populations would have the potential to
destroy any honey bee colonies that rely solely on regular acaricide treatments for mite

control.
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Pesticide Poisoning of Honey Bees

Starting in the late 1800’s with the introduction of modern commercial pesticides,
U.S. beekeepers have experienced losses due to pesticide poisoning. Typically,
insecticides are sprayed on crops and bees are unintentionally killed by coming into
contact with the poison in any of several ways. In the early days before growers accepted
the need for insect pollination, losses were quite severe. The first pesticides were
arsenical compounds such as calcium arsenate which were highly toxic to bees.
Chlorinated hydrocarbons such as DDT were introduced and used extensively starting in
the 1940’s. Since DDT was relatively safe for bees, the problem of bee poisoning was
less severe until DDT was banned in 1973 (Atkins 1992; McGregor 1976). The
development and popularity of chemicals, which happened to be more toxic to bees such
as organophosphates and carbamates again, lead to extensive bee losses. Levin (1970)
estimated that over 500,000 honey bee colonies were destroyed by pesticides in the US in
1967 alone.

Growers now utilize a variety of pesticides with varying potential to harm honey
bees. Consequently, beekeepers need to be aware of the pesticides being used by their
neighbors. Bees can encounter pesticide-contaminated plants or water up to three miles
from the hive. While some pesticides kill bees in the field, other pesticides are carried
back to the colony where there is potential for even more damage. While some colonies

die soon after a pesticide application, other colonies become severely weakened due to
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bee losses. Such weakened colonies may fail to store up enough food to survive the
winter, or they may endure enough stress to clear the way for pathogens to flourish.
Different formulations of pesticides present different levels of danger to honey
bees. Some formulations tend to drift more readily from their intended targets so that the
pesticide can accidentally contact foragers or hives. More importantly, some
formulations tend to be picked up more easily by foraging bees. The danger to honey
bees is normally described in the following order (least hazardous first): granular
formulation; soluble powder or liquid solution; emulsifiable concentrate; flowable;
wettable powder; dust; microencapsulation (Johansen and Mayer 1990). A major
contributor to the ease with which bees can pick up insecticides may be the branched

body hairs that are adapted for picking up tiny grains of pollen.

Microencapsulated methyl parathion

The problem of the pollen-adapted hairs is at its worst when foraging bees
encounter microencapsulated methyl parathion, which has been widely used to control
orchard pests. The plastic-coated microcapsules are about the same size (30-50p) as
pollen grains. Microencapsulated methyl parathion has been implicated in many severe
bee poisoning problems involving the kill of newly emerged adult bees and honey bee
brood. In fact, along with carbaryl, microencapsulated methyl parathion is one of the two
most common causes of pesticide-related honey bee poisoning (Mason 1986).

In 1999, the Environmental Protection Agency accepted the voluntary
cancellation of many significant food crop uses for methyl parathion. All fruits,

including apples, were included on the list of cancelled uses. Starting in January of 2000,
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use of methyl parathion in fruit orchards was officially banned. The rationale for the
cancellation was that methyl parathion has been found to pose unacceptable dietary risks
to children (Environmental Protection Agency 1999).

The mode of action for bee kills appears to be that honey bees in the treated
orchards do not distinguish between the microencapsulated pesticide particles and pollen
grains on blooming ground plants, such as clover. Foraging honey bees therefore carry
contaminated pollen back to the hives where the pesticide kills young adult bees that
process the contaminated pollen for feeding to larval stages of the bees (Burgett and
Fisher 1977; Johansen and Kious 1978; Stoner et al. 1978; Rhodes et al. 1979). Both
adult hive bees and larval honey bees are killed, and in some cases there is a break in the
brood cycle, the queen may be superceded, or the entire colony may be killed (Johansen
1978).

For the grower, there are two main advantages of microencapsulating a toxic
pesticide. One is a reduced hazard for pesticide applicators that may contact the material
they are spraying (Ivy 1972). The second advantage is an increased residual time during
which the chemical is still active after it is applied (Ivy 1972). The pesticide is released
slowly as the microcapsules dry out (Graham 1980).

However, these same qualities contribute to the increased hazard to honey bees.
The plastic shell makes the pesticide safer for applicators, but also allows the material to
be picked up by honey bee foragers. While other pesticides kill foragers in the field,
microencapsulated methyl parathion does not generally kill the foragers that collect it.
Mason (1986) found that less than 50% of bees sprayed directly with microencapsulated

methyl parathion were knocked down within an hour of spray, while more than 50% of
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bees were knocked down within an hour of being sprayed with several other common
insecticides.

Due to their long residual effects, the microcapsules remain hazardous even after
they are stored in pollen cells inside the hive. In fact, microencapsulated methyl
parathion is the only material used in commercial agriculture which has been proven to
remain toxic to bees, in pollen stored in combs within the hive, from one season to the
next (Johansen 1979). Rhodes et al. (1979) found that pollen contaminated with
microencapsulated methyl parathion was still very deadly to honey bee colonies even
after the pollen had been stored for over a year in the cells of wax combs. The mortality
in the test colonies was 29 to 72 times higher than normal during the first 48 hours, and it
took about a month for the mortality to return to normal.

Foragers may continue to collect contaminated pollen for several days after the
microencapsulated pesticide is sprayed. Burgett and Fisher (1980) found foragers
carrying contaminated pollen loads up to nine days after a pesticide spray.

In one study, almost 10% of all pollen storage cells in the affected colonies were
found to contain microcapsules (Burgett and Fisher 1980), and the pesticide was found in
trapped pollen, dead bees and sections of comb containing stored pollen or brood (Hanny
et al. 1983). However, Hanny et al. (1983) found that no methyl parathion was found in
sections of comb containing unripened nectar or capped honey from the affected hives.
The presence of the pesticide is limited to pollen storage cells, so that the honey is

unlikely to be contaminated.
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Microencapsulated Pesticides in North Carolina

The primary problem with microencapsulated pesticides in North Carolina has
been the use of Penncap-M in apple orchards. Starting in 1993, there were a number of
serious honey bee kills in apple orchards due to Penncap sprays, despite the fact that the
label for Penncap had been modified in order to allow for better protection of bees.
Several of these bee kills were documented by the Pesticide Division of the North
Carolina Department of Agriculture and Consumer Services. Chemical analysis proved
the presence of methyl parathion both in the dead bees and in nearby apple orchards.
Penncap was being used to control apple pests such as the tufted apple budmoth,
Platynota idaeusalis (Walker), and the coddling moth Cydia pomonella.

The label prohibited Penncap application while the apple trees were in bloom, so
that bee kills were not a problem for colonies that were moved into orchards for
pollination. In addition, apple growers agreed that they needed to take steps to help
protect honey bee colonies that were established in the area. It was recognized that prior
to sprays, apple growers needed to remove blooming ground cover from orchard floors
and inform beekeepers maintaining hives within one mile of the orchard that the spray
was to occur (Ambrose 2002).

Despite the discussion and implementation of these steps, bee kills continued to
occur near apple orchards in North Carolina. Starting in 1997, there was serious concern
that the bee losses would result in the cancellation of the Penncap-M registration in N.C.
A meeting between the Pesticide Division of the North Carolina Department of

Agriculture and Consumer Services, a group of apple growers, beekeepers and N.C. State

29



University extension personnel was held. A new plan was developed to reduce honey
bee kills by Penncap-M (Owings 2002).

The apple growers agreed to discontinue use of Penncap in May and June.
Previously, the May and June application was used against the first generation of tufted
apple bud moth. However, it was decided that Penncap use would resume in August
against the second generation of tufted apple bud moth. In addition, it was stressed that
orchard floors must be free of flowering vegetation so bees would not be attracted to the
treated orchards.

The process of eliminating blooms from orchard floors turned out to be difficult
because there were problems with both mowing and herbicide spray. Clover that has
been mowed tends to bloom lower to the ground and out of the way of mower blades
(Owings 2002). The only effective mowing regime would have been to allow the orchard
floor to grow freely until just prior to the pesticide spray. Such a regime would be
difficult at best for growers to follow. The herbicide clopyralid, under the trade name
Stinger®, was found to control white clover on orchard floors. However, that product
was not labeled for that specific use. A Specific Exemption under Section 18 of FIFRA
was requested for the use of Stinger® on apple orchard floors for the protection of honey
bees, but the exemption was not granted.

Other suggestions such as moving beehives away from the area of spray, or
covering the hives also presented problems. Covering or closing beehives for a Penncap
application is not practical. The long residual period for the microencapsulated pesticide
means that the hives would have to be covered for multiple days and honey bees require

ventilation and must forage for water. Moving beehives is a difficult process under any
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conditions but would be especially difficult at the time of the fall Penncap application.
At that time of year in western N.C., hives tend to be heavy because they contain a
surplus of honey. Importantly, that surplus is often composed of the premium sourwood
honey (made from the nectar of sourwood trees, Oxydendrum arboreum) that is an
important income source for many beekeepers. Another problem is the question of the
destination of moved hives. Besides the difficulty in finding a practical apiary site, the
value of sourwood honey results in intense competition for apiary locations in sourwood

honey producing areas, which include much of the mountain region in western N.C.

Pollen Traps

Pollen traps were invented so that beekeepers could collect pollen for sale in the
marketplace. All pollen traps operate on the premise that pollen loads can be dislodged
from the corbiculae (pollen baskets) of incoming foragers and collected, or trapped, so
that the bee-collected pollen can be easily obtained by the beekeeper. The pollen trap
developed by the Ontario Agricultural College in 1962, known as the OAC trap, (Smith
and Adie 1963) is the recognized standard for pollen traps.

The OAC trap employs two 5-mesh wire screens through which incoming bees
must pass in order to enter the hive. The screens extend horizontally over most of the
area under the hive body and are placed 0.635 cm to 0.794 cm apart. This arrangement
serves to dislodge 1/3 to 'z of incoming pollen loads. A pollen-collecting drawer is
situated beneath the screens and small exit holes allow drones and many workers to leave
the hive without going through the pollen barrier. Few bees find their way into the hive

through the small holes.

31



A simple pollen trap designed only to sample for plant origin of the collected
pollen loads is described by Stewart and Shimanuki (1970). Horr (1999) described a
pollen trap that is very similar in design to the OAC trap, and showed various styles of
screens. Wiser (1992) discussed advantages and disadvantages of different pollen trap
designs and concluded that the model sold by the CC Pollen company was ideal. The CC
Pollen trap is very similar to the OAC design, with the noticeable difference of the
presence of small plastic tubes in the exit holes.

Various studies have shown different effects of pollen traps on bee colonies.
McLellan (1974) and Webster et al. (1985) review several of these studies from around
the world. The effects of pollen traps are different depending on the style of the traps.
Some pollen traps do more physical harm to the bees (Wiser 1992) and different traps
collect varying amounts of pollen. Typical pollen traps currently in use in the US employ
¥4 mesh wire screens and collect about 50% of incoming pollen loads (Horr 1999).

McLellan (1974) found that pollen traps which collect 10% of incoming pollen
had no significant effect on the amount of brood reared or on the amount of honey stored
at the end of the season, but that fewer colonies treated with the traps survived the winter.

Use of pollen traps may be useful for increased pollination efficiency by bee
colonies for a desired crop. Bees specifically collecting pollen may be more effective in
moving pollen from flower to flower (Webster et al. 1985). In a study in almond and
prune orchards, colonies equipped with pollen traps were shown to have greater numbers
of pollen foragers than did untreated colonies (Webster et al. 1985). Thorp and Loper

(1984) found that pollen traps that remove about 16 percent of incoming pollen can
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increase pollen collection by a factor of 1.8 in almond orchards, but caution that brood
rearing is reduced when pollen traps that collect 60 percent of incoming pollen are used.

Pollen traps have been used for purposes other than pollen collection. Pollen
traps have been used for varroa mite control (see previous sections of this literature
review: Bottom boards and pollen traps and Integrated Pest Management for varroa
control). In addition, Matthenius (1973) used very simple screen pollen barriers to block
entrance of pollen contaminated with Sevin-4-oil pesticide and found a substantial
reduction in bee losses. Such blockage of contaminated pollen points to the potential use
of pollen traps for the blockage of pollen contaminated with microencapsulated

pesticides.

Manuscript 1: Pollen Traps for the Reduction of Honey Bee Deaths Due to the Use

of Microencapsulated Pesticides

Introduction
Note: The studies reported here were conducted in response to honey bee deaths
that were caused by microencapsulated methyl parathion. Although microencapsulated
methyl parathion is no longer in use, this research may be applicable to other
microencapsulated materials that are currently on the market or that may become
available in the future.
Microencapsulated methyl parathion has been implicated in many severe bee

poisoning problems involving the kill of newly emerged adult bees and honey bee brood.
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In fact, along with carbaryl, microencapsulated methyl parathion has been one of the two
most common causes of pesticide-related honey bee poisoning (Mason 1986).

In 1999, the Environmental Protection Agency accepted the voluntary
cancellation of many significant food crop uses for methyl parathion. All fruits,
including apples, were included on the list of cancelled uses. Starting in January of 2000,
use of methyl parathion in fruit orchards was officially banned. The rationale for the
cancellation was that methyl parathion has been found to pose unacceptable dietary risks
to children (Environmental Protection Agency 1999).

The mode of action for bee kills appears to be that honey bees in the pesticide
treated orchards do not distinguish between the microencapsulated pesticide particles and
pollen grains on blooming ground plants, such as clover. Foraging honey bees therefore
carry contaminated pollen back to the hives where the pesticide kills young adult bees
that process the contaminated pollen for feeding to larval stages of the bees (Burgett and
Fisher 1977; Johansen and Kious 1978; Stoner et al. 1978; Rhodes et al. 1979). Both
adult hive bees and larval honey bees are killed, and in some cases there is a break in the
brood cycle, the queen may be superceded, or the entire colony may be killed (Johansen
1978).

For the grower, there are two main advantages of microencapsulating a toxic
pesticide. One is a reduced hazard for pesticide applicators that may contact the material
they are spraying (Ivy 1972). The second advantage is an increased residual time during
which the chemical is still active after it is applied (Ivy 1972). The pesticide is released

slowly as the microcapsules dry out (Graham 1980).
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However, these same qualities contribute to the increased hazard to honey bees.
The plastic shell makes the pesticide safer for applicators, but also allows the material to
be picked up by honey bee foragers. While other pesticides kill foragers in the field,
microencapsulated methyl parathion does not generally kill the foragers that collect it
because the microcapsules are collected in pollen loads and not ingested by the foragers.

Matthenius (1973) used simple screen pollen barriers to block entrance of pollen
contaminated with Sevin-4-oil pesticide and found a substantial reduction in bee losses.
Such blockage of contaminated pollen points to the potential use of pollen traps to
minimize or eliminate the introduction of pollen contaminated with microencapsulated

pesticides.

Materials and Methods

The honey bees used in this study were all of Italian-hybrid stock. The hives
consisted of one brood chamber and one honey super and were populated with about
30,000 bees. The studies were carried out in four locations: A cooperator’s apple orchard
in Henderson County, North Carolina., the Simpson Research Farm in Clemson, South
Carolina, the North Carolina State University Research Farm in Clayton, N.C. and
another cooperator’s apple orchard in Edneyville, N.C.

The pollen traps used in these studies were model 525U purchased from CC
Pollen company' and measure 50.8 cm x 41.275 cm x 13.494 cm (LxWxH). The traps
were made of wood and house two 5-mesh wire screens through which incoming bees
must pass in order to enter the hive. The screens extend horizontally over most of the

area under the hive body and are 2.223 cm apart. This arrangement serves to dislodge
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Figure 1. Pollen trap with open collecting drawer and arrows pointing to
modified bee exits

60-70% of incoming pollen loads. A pollen-collecting drawer is situated beneath the

screens and four small exit holes fitted with short (7 — 10 cm) plastic tubes allow drones
and workers to leave the hive without going through the pollen barrier. Except in Study
1, the exits were enlarged from 1.27 cm diameter holes (with 0.953 cm inner diameter
tubes) to 1.588 cm holes (with 1.27 cm inner diameter tubes) (Figure 1). The tubes were
modified by smearing a small quantity of petroleum jelly on the surface to discourage
incoming foragers from landing and entering through the exit tubes.

The dead bee traps used in all of these studies except for Study 1, were made
according to the specifications described by Gary and Lorenzen (1984), but were
modified to increase the overall height of the traps to 23.495 cm. This height adds 5

inches to the original plans in order to account for the presence of the pollen traps. Latex

' CC Pollen Co. 3627 E. Indian School Rd. Suite 209 Phoenix, AZ 85018
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gloves were worn while taking samples that were potentially contaminated with pesticide.
The gloves were removed and replaced by fresh gloves for each sample that was taken to

reduce contamination of the residue analysis.

The following five studies took place between August, 1997 and August, 1999.

1. Henderson County, North Carolina, 1997

On 18 August 1997, 20 hives of honey bees were moved into a Henderson
County, N.C. apple orchard. Ten of the hives were equipped with pollen traps, and ten
were used as control hives. The test orchard had a substantial amount of clover
(Trifolium repens) growing in the ground cover under and around the trees.

Preliminary samples of clover growing near the hives and pollen from the pollen
traps were collected and analyzed for the presence of methyl parathion. On the morning
of August 19, the orchard was sprayed with Penncap-M per label directions. On the
afternoons of August 20 and 21, samples of dead bees in and at the entrance of each of
the hives, live bees from each hive, and pollen samples from the ten pollen traps were
collected. These samples were tested by the North Carolina State University Pesticide
Residue Laboratory (NCSU PRL) for the presence and amount of methyl parathion. The
beekeeper that owned the hives was asked to monitor and report any changes in the bee

colonies after the test.
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2. Clemson, South Carolina, June 1998

On June 12, 1998 10 hives of honey bees were moved into a peach orchard on the
Simpson Research Farm in Clemson, South Carolina. Preliminary samples of clover
growing near the hives and pollen from the pollen traps were collected for methyl
parathion residue analysis. One half (five) of the hives were equipped with pollen traps,
and the other five hives were used as controls. In addition, dead bee traps were attached
to all of the hives to collect any dead bees that died in the hives or at the hive entrances.
There was some clover in bloom on the floor of the peach orchard, but conditions had
been hot and dry with limited clover bloom.

On June 16, 1998, the peach orchard was treated with Penncap-M per label
directions. On June 17,18, 19, 20 and 24, 1998 the number of dead bees from each hive
was counted. On each of those days, the dead bees, pollen from the pollen traps and
clover samples were collected for pesticide analysis purposes. The hives were moved out
of the orchard on June 24 and returned to the Clemson University apiary for ongoing

study by the apiculturist at that institution.

3. Clemson, S.C. June 1999

On June 1, 1999, 10 hives of honey bees were moved into the same peach orchard
used in the previous (1998) Clemson study. As with previous studies, one half of the
hives were equipped with pollen traps and the other half of the hives were control hives.
All of the hives were equipped with dead bee traps. There had not been any rainfall in

the previous 2 2 weeks, but the orchard floor was overgrown with weeds such as clover
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and vetch. Preliminary samples of clover and vetch (Vicia spp.) growing in the orchards
and pollen from the pollen traps were collected for methyl parathion residue analysis.

On the morning of June 2, 1999, all of the hive entrances were covered with
plastic bags prior to the pesticide spray in the orchard. Penncap-M was applied to the
peach orchard according to the label directions. On June 2, 3, 4 and 7 the number of dead
bees from each dead bee trap was counted. On each of those days, the dead bees, pollen

from the pollen traps and clover and vetch samples were collected for pesticide analysis.

4. Clemson, S.C. July 1999

The same hives were used at the same location as in the previous study, using
similar procedures. In addition to the samples taken in the previous study, live bees from
inside the hives were sampled. On 7 July , 1999, clover from area surrounding the hives
and pollen from the pollen traps were sampled. Dead bees, pollen from the pollen traps
and clover from the orchard were all collected on July 8, 10 and 13 for analysis. Dead
bees were also counted on July 20 and 23. On July 23, the traps were removed and the

hives were left for ongoing study by the apiculturist at Clemson University.

5. Edneyville, N.C. 1999

On 11 August 1999 6 hives of honey bees were moved into a Henderson County,
N.C. apple orchard, while 6 additional hives had already been in place at the orchard. Six
of the hives were equipped with pollen traps, and six were used as control hives. The test
orchard had a substantial amount of clover growing in ground cover under and around the

trees.
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Preliminary samples of clover growing near the hives and pollen from the pollen
traps were collected and analyzed for the presence of methyl parathion. On the morning
of August 12, the orchard was sprayed with Penncap-M per label directions. On the
afternoons of August 12, 13, 14, 17, 20 and 27 the number of dead bees from each dead
bee trap was counted. On each of those days, the dead bees, pollen from the pollen traps,
and clover samples were collected for pesticide analysis. These samples were tested by
the NCSU PRL for the presence and amount of methyl parathion. The beekeeper that
owned the hives was asked to monitor and report any changes in the bee colonies after
the test.

Total dead bee values and pesticide residue values were analyzed by analysis of
variance, with the presence or absence of pollen traps as a factor, using SAS proc GLM.
Residue values were log10 transformed to reduce variance heterogeneity (SAS Institute

Inc. 1991).

Analysis of Samples for Study 4 — Ross Leidy
Samples of bees, clover and pollen were brought to the Laboratory, logged in and frozen
at —20°C until analyzed. The following procedures were used to prepare samples for

chromatography.

Bees and Pollen: Whole bees (2.5 g) or 1.0 g of pollen were tared into a 250-mL Virtis

blending jar (The Virtis Co., Gardiner, NY), ca. 5-g of Celite were added and the sample
was blended with 100 mL of acetone for 7 min (5 min, pollen) using a Virtis Tempest

homogenizer at low speed. Following settling, samples were filtered under vacuum
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through a Whatman GF/B filter topped with ca. 10 g of anhyd. sodium sulfate into a 500-
mL boiling flask. One hundred milliliters of acetone was added to the jar and the
samples re-blended for 8 min (5 min, pollen) and filtered as described. The combined
extract was evaporated to 23 to 5 mL under reduced pressure at 40°C and transferred
quantitatively with acetone to a 12-mL graduated tube. The sample was reduced to 0.2
mL under a stream of dry nitrogen and brought to 1.0 mL with hexane. The sample was
transferred to a Florisil Sep-Pak (Waters Corp., Milford, MA), pre-rinsed with 10 mL of
hexane. Parathion and paraoxon were eluted with 10 mL of petroleum ether followed
with 20 mL of 50% ethyl ether in petroleum ether. Samples were reduced to <0.5 mL
under a stream of dry nitrogen, diluted to 1.0 mL with ethyl acetate and transferred to a

2.0-mL GC vial.

Clover: One gram of clover was tared into a 250-mL Virtis blending jar, ca. 5 g of Celite
and 100 mL of acetone were added, blended twice and filtered as described above.
Following concentration under reduced pressure at 40°C, samples were brought to 1.0 mL
with hexane and placed on a silica Sep Pak pre-rinsed with 10 mL of hexane. Samples
were eluted with 8 mL of petroleum ether followed with 20 mL of 50% ethyl ether in
petroleum ether. Samples were reduced to <0.5 mL, brought to 1.0 mL with ethyl acetate

and transferred to a 2.0-mL GC vial.

Chromatography: Samples were chromatographed on a Varian Model 3400CX gas
chromatograph equipped with a Thermionic Specific Detector (TSD), Model 8200CX

autosampler and Varian Star data system. The column was a 30 m by 0.53 mm fused-
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silica capillary, DB-5 (1.0 um) (J&W Scientific, Folsom, CA). Temperatures were as
follows: inlet, 220°C; Detector, 300°C. A temperature program was run as follows: initial
temperature, 180°C, hold 1.0 min; to 220°C at 8°/min, hold 3 min. Helium was the
carrier and makeup gas at flow rates of 3.3 and 22.4 mL/min, respectively. Gases to the
detector were hydrogen and air at flow rates of 4.0 and 169.1 mL/min, respectively.
Injections were made in the splitless mode. Analytical standards were injected after

every six samples. Data were quantitated against a 5-point standard curve.

Fortified Control Samples: Two fortified recoveries were analyzed with each sample set

by adding known amounts of methyl parathion and paraoxon to untreated controls and

allowing solvent to evaporate for 2 h under a hood prior to extraction.

RESULTS

Study 1: Henderson County, N.C. — August, 1997

Table 1 shows the results of the pesticide residue analysis carried out by the
NCSU PRL. Table 1 also shows weather data for the location and time of study 1.
Columns B and C of Table 1 list the average pesticide concentration in micrograms per
gram of sample material for the two days following the pesticide spray from treated

colonies, control colonies and nearby clover. Figure 2 shows these data graphically. The
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Table 1. Penncap-M (methyl parathion) pesticide analysis of bees
in Henderson County, N.C. — August, 1997

A B C
Type of sample collected Average Pesticide

concentration (ug/g)
8/20/1997  8/21/1997

Live bees - pollen trap 0.19 0.031
Live bees - control 0.39 0.06
Dead bees - pollen trap 1.32 0.869
Dead bees - control 2.204 1.438
Pollen trap pollen 0.816 0.7450
Clover 0.056 0.171

Residue differences are not significantly different (P < 0.05)

Henderson County Weather 1 August - 21 August 1997

Av. Precipitation (inches) 0.01
Av. Min temp (deg. F) 61.24
Av. Max temp (deg. F) 83.86

Figure 2. Pesticide analysis of bees from Henderson County, N.C. -

August, 1997
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The samples of clover blooms collected on day one and day two after the
pesticide application were analyzed for methyl parathion residues. Clover from day one
yielded 0.056 ug/g and clover from day two yielded 0.171 ug/g. Pollen from the pollen
traps used on the test hives yielded 0.816 ug/g for day one and 0.745 ug/g for the second
day.

All of the 20 bee colonies in the study did survive the following winter.
However, 4 out of the 10 control colonies did lose their queens which could have resulted
in colony death if the queens were not replaced.

The weather data included at the bottom of Table 1 was obtained from the State
Climate Office of North Carolina and is included for comparison with the weather
relevant to studies 2 - 5 listed below. Weather data is included for a period prior to the
study in addition to the period that the study was conducted. Weather prior to the study
period influenced the health of the clover that the bees were foraging.

Complete pesticide analysis results are included in Appendix A of Master’s
Thesis: Pollen traps as a beekeeping integrated pest management tool: Their use in [IPM
for varroa mite control and for reducing the impact of microencapsulated pesticides on
honey bee colonies. Complete SAS analysis results are included in Appendix B of the

same thesis.

Study 2: Clemson, S.C. — June, 1998
Table 2 lists the total number of dead bees that were collected from the dead bee
traps in the June 1998 Clemson study, which were installed on all 10 hives throughout the
course of the study. Table 2 also lists the average dead bees per day over the eight day

duration of the study as well as weather data for the location and time of study 2.
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Table 2. Dead bee and weather data for Penncap-M study
Clemson, S.C. 16 June, 1998 - 24 June, 1998

A B C D
Pollen Trap Colony Dead bees per day Total Dead Bees
NO 1 24.63 197
NO 3 49.13 393
NO 6 38.63 309
NO 8 29.5 236
NO 10 30.63 245
YES 2 53.5 428
YES 4 65.25 522
YES 5 27.88 223
YES 7 73.38 587
YES 9 26.63 213
Av. Dead bees - pollen trap 395
Av. Dead bees - control 276
Av. Dead bees per day - pollen trap 49.328
Av. Dead bees per day - control 34.504
Differences in dead bee values are not significantly different (P < 0.05)
Clemson Weather 12 May - 24 June 1998

Av. Precipitation (inches) 0.088

Av. Min temp (deg. F) 65.45

Av. Max temp (deg. F) 87.27

Av. Mean temp (deg. F) 76.36

The low number of bee deaths and the limited amount of clover that was in bloom
resulted in the decision not to spend the money needed for a pesticide residue analysis in
this study. The weather was hot and dry and very few bees were observed foraging on

the clover.

Study 3: Clemson, S.C. — June, 1999
Table 3 lists the total number of dead bees that were collected from the dead bee
traps in the June 1999 Clemson study, which were installed on all 10 hives throughout the

course of the study. Table 3 also lists the average dead bees per day over the six day
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duration of the study as well as weather data for the location and time of study 3.

Table 3. Dead bee and weather data for Penncap-M study
Clemson, S.C. 2 June, 1999 - 7 June, 1999

A B C D
Pollen Trap Colony Dead bees per day Total Dead Bees
NO 4 31.33 188
NO 5 112.00 672
NO 6 29.00 174
NO 9 82.00 492
NO 10 13.33 80
YES 1 31.33 188
YES 2 80.67 484
YES 3 13.67 82
YES 7 91.50 549
YES 8 64.67 388
Av. Dead bees - pollen trap 338
Av. Dead bees - control 321
Av. Dead bees per day - pollen trap 56.37
Av. Dead bees per day - control 53.53
Differences in dead bee values are not significantly different (P < 0.05)
Clemson Weather May 15 - June 7 1999

Av. Precipitation (inches) 0.012

Av. Min temp (deg. F) 57.54

Av. Max temp (deg. F) 82.38

Av. Mean temp (deg. F) 70

The low number of bee deaths and the limited amount of clover that was in bloom
resulted in the decision not to spend the money needed for a pesticide residue analysis in
this study. The weather was hot and dry and very few bees were observed foraging on

the clover.

46



Study 4: Clemson, S.C. — July, 1999

Table 4 lists the total number of dead bees that were collected from the dead bee
traps in the July 1999 Clemson study, which were installed on all 10 hives throughout the
course of the study. Table 4 also lists the average dead bees per day over the sixteen day

duration of the study as well as weather data for the location and time of study 4.

Table 4. Dead bee and weather data for Penncap-M study
Clemson, S.C. 8 July, 1999 - 23 July, 1999

A B C D
Pollen Trap Colony Dead bees per day Total Dead Bees
NO 4 415.84 6653.46
NO 5 800.33 12805.25
NO 6 1055.33 16885.25
NO 9 927.44 14838.96
NO 10 871.25 13940
YES 1 669.05 10704.73
YES 2 689.44 11030.96
YES 3 99.34 1589.5
YES 7 744.75 11915.98
YES 8 773.11 12369.71
Av. Dead bees - pollen trap 9522
Av. Dead bees - control 13025
Av. Dead bees per day - pollen trap 595.14
Av. Dead bees per day - control 814.04
Differences in dead bee values are not significantly different (P < 0.05)
Clemson Weather 15 June - 23 July 1999

Av. Precipitation (inches) 0.123

Av. Min temp (deg. F) 67.85

Av. Max temp (deg. F) 85.33

Av. Mean temp (deg. F) 76.59

The pollen trap-treated colonies yielded an average of 9,522 total dead bees and
the control colonies yielded an average of 13,025 total dead bees. There was more

rainfall in Clemson for this study (0.123 in. per day) than for the previous two studies
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(0.088 and 0.012 in. per day). The clover attracted more foragers than in the previous
two studies.

In this study, the dead bee numbers were high enough to justify pesticide residue
analysis. Table 5 presents the residues measured in moles as well as the log10
transformed values for those measurements. Columns D, E and F of Table 2 show moles
of pesticide. These mole values are the combined moles of methyl parathion and methyl
paraoxon for each of the sample types listed. Columns G, H and I present the log10
transformed values for each of the residue values found in the previous three columns.
The log transformed values are included because the statistical analysis to determine

significance utilized log10 transformation to reduce variance heterogeneity.
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Table 5. Pesticide residue analvsis for pollen-trap pollen. dead bees and clover
with loa10 transformed values: Clemson, S.C. study - July, 1998

A B Cc D E F G H |
Colony Pollen Date Pesticide in Pesticide in Pesicide in Log(pest. Log(pest. Log(pest in
Trap pollen (mol) dead bees (mol) clover (mol) in dead) in clover) pollen)

4 NO 7/7/98 . . 8.72E-09 . -8.05942 .

5 NO 7/7/98 . . 8.72E-09 . -8.05942 .

6 NO 7/7/98 . . 8.72E-09 . -8.05942 .

9 NO 7/7/98 . . 8.72E-09 . -8.05942 .
10 NO 7/7/98 . . 8.72E-09 . -8.05942 .

1 YES 7/7/98 0. 8.72E-09 . -8.05942 .

2 YES 7/7/98 0. 8.72E-09 . -8.05942 .

3 YES 7/7/98 0. 8.72E-09 . -8.05942 .

7 YES 7/7/98 0.000000047 . 8.72E-09 . -8.05942 -7.32569
8 YES 7/7/98 0. 8.72E-09 . -8.05942 .

4 NO 7/8/98 . 0.000000138 2.07E-08 -6.86099 -7.68452 .

5 NO 7/8/98 . 0.000000632 2.07E-08 -6.1994 -7.68452 .

6 NO 7/8/98 . 0.000000226 2.07E-08 -6.64619 -7.68452 .

9 NO 7/8/98 . 0.00000017 2.07E-08 -6.77009 -7.68452 .
10 NO 7/8/98 . 0.000000196 2.07E-08 -6.70784 -7.68452 .

1 YES 7/8/98 0.000000497 0.000000229 2.07E-08 -6.64029 -7.68452 -6.30402
2 YES 7/8/98 0.00000019 0.000000178 2.07E-08 -6.74922 -7.68452 -6.72072
3 YES 7/8/98 0.000000062 0.000000269 2.07E-08 -6.57026 -7.68452 -7.20982
7 YES 7/8/98 0.000000063 0.000001007 2.07E-08 -5.99688 -7.68452 -7.20347
8 YES 7/8/98 0.000000042 0.000001291 2.07E-08 -5.88916 -7.68452 -7.37238
4 NO 7/9/98 . . 2.92E-08 . -7.53492 .

5 NO 7/9/98 . . 2.92E-08 . -7.53492 .

6 NO 7/9/98 . . 2.92E-08 . -7.53492 .

9 NO 7/9/98 . . 2.92E-08 . -7.53492 .

10 NO 7/9/98 . . 2.92E-08 . -7.53492 .

1 YES 7/9/98 . . 2.92E-08 . -7.53492 .

2 YES 7/9/98 . . 2.92E-08 . -7.53492 .

3 YES 7/9/98 . . 2.92E-08 . -7.53492 .

7 YES 7/9/98 . . 2.92E-08 . -7.53492 .

8 YES 7/9/98 . . 2.92E-08 . -7.53492 .

4 NO 7/10/98 . 0.000000101 2.75E-08 -6.99403 -7.56111 .

5 NO 7/10/98 . 0.000000167 2.75E-08 -6.77759 -7.56111 .

6 NO 7/10/98 . 0.000000133 2.75E-08 -6.87497 -7.56111 .

9 NO 7/10/98 . 0.000000037 2.75E-08 -7.43103 -7.56111 .

10 NO 7/10/98 . 0.000000174 2.75E-08 -6.75998 -7.56111 .

1 YES 7/10/98 0.000000107 0.00000013 2.75E-08 -6.88545 -7.56111 -6.97062
2 YES 7/10/98 0.000000214 0.000000099 2.75E-08 -7.00347 -7.56111 -6.66878
3 YES 7/10/98 0.000000192 0.000000141 2.75E-08 -6.84996 -7.56111 -6.71659
7 YES 7/10/98 0.000000329 0.000000146 2.75E-08 -6.83433 -7.56111 -6.48286
8 YES 7/10/98 0.00000007 0.000000085 2.75E-08 -7.07135 -7.56111 -7.15747
4 NO 7/13/98 . 0.000000096 2.36E-08 -7.0168 -7.62672 .

5 NO 7/13/98 . 0.000000109 2.36E-08 -6.96251 -7.62672 .

6 NO 7/13/98 . 0.000000132 2.36E-08 -6.88033 -7.62672 .

9 NO 7/13/98 . 0.000000126 2.36E-08 -6.89993 -7.62672 .

10 NO 7/13/98 . 0.000000121 2.36E-08 -6.91686 -7.62672 .

2 YES 7/13/98 3.60E-08 0.000000101 2.36E-08 -6.99481 -7.62672 -7.444
3 YES 7/13/98 4.99E-08 0.000000125 2.36E-08 -6.90371 -7.62672 -7.30212
7 YES 7/13/98 2.91E-08 0.000000068 2.36E-08 -7.16605 -7.62672 -7.53654
8 YES 7/13/98 7.08E-08 0.00000011 2.36E-08 -6.95712 -7.62672 -7.15016
1 YES 7/13/98 0.000000024 0.000000103 2.36E-08 -6.98862 -7.62672 -7.62839
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The statistical analysis shows that there is no significant difference between the
residue values for the clover samples and the residue values for the pollen samples.
There is also no significant difference between the residues found in the dead bees and

the residues found in the pollen obtained from the pollen traps.

Figure 3. Pesticide residue on clover sampled near hives in
Clemson,S.C. - July, 1998
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Figure 3 is a graph of the pesticide residue found on the clover samples. The graph
shows residue on the clover the day before the pesticide spray, as well as the day of the
spray, and one, two and five days after the spray. The residue values did not diminish

substantially even five days after the spray.
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Figure 4. Average pesticide residue in pollen from pollen traps in
Clemson, S.C. - July, 1998
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Figure 4 is a graph of the average pesticide residue in the pollen that was collected from
the pollen traps that were installed on 5 of the 10 hives used in the study. Pollen
collected the day before the spray yielded a very small amount of pesticide residue
(0.0000000094 mol). The residue values were a great deal higher on the day of the spray
(0.0000001708 mol) and two days after the spray (0.0000001824 mol), but were much

lower five days after the spray (0.000000041938 mol).
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Figure 5. Average pesticide residue on dead bees from pollen trap-
treated and control colonies in Clemson, S.C. - July, 1998
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Figure 5 is a graph of the average pesticide residue in or on the dead bees that were
collected from the dead bee traps in this study. On the day of the spray, the residue
values for treated colonies (0.0000005948 mol) were significantly higher (P < 0.05) than
the residue values for control colonies (0.0000002724 mol). The residue values for
treated and control colonies were very similar two (0.0000001202 mol treated;
0.0000001224 mol control) and five days (0.0000001014 mol treated; 0.0000001168 mol

control) after the pesticide spray.
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Figure 6. Average dead bee counts for pollen trap treated versus
control colonies in Clemson, SC — July, 1999
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Figure 6 is a graph of the dead bee counts listed in Table 5, but in Figure 6, the total
counts are averaged for treated and control colonies for each of the five days that dead
bee counts were taken. Heavy bee losses occurred in both treated and control colonies on
the day of the pesticide spray, and two days after the spray. On the fifth day after the
spray, control colonies experienced a loss similar to the first two measurements (4206
dead bees), while pollen trap-treated colonies experienced an average of only 1637 dead
bees. By twelve days after the spray, dead bee numbers for all colonies were low, with
an average of fewer than 400 dead bees both for treated and for control colonies.
Although the dead bee counts appear dissimilar, the difference between treated and

control colonies was not significant.
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Study 5: Edneyville, N.C. — August, 1999
Table 6 lists the total number of dead bees that were collected from the dead bee
traps in the August 1999 Edneyville study, which were installed on all 10 hives
throughout the course of the study. Table 6 also lists the average dead bees per day over
the sixteen day duration of the study as well as weather data for the location and time of

study 5.

Table 6. Dead bee and weather data for Penncap-M study
Edneyville, N.C. 12 August, 1999 - 27 August, 1999

A B C D
Pollen Trap Colony Dead bees per day Total Dead Bees
NO 1 839.00 13424
NO 3 918.38 14694
NO 5 623.38 9974
NO 8 543.44 8695
NO 9 761.06 12177
NO 11 799.13 12786
YES 2 640.88 10254
YES 4 909.00 14544
YES 6 113.75 1820
YES 7 583.75 9340
YES 10 636.88 10190
YES 12 802.13 12834
Av. Dead bees - pollen trap 9830
Av. Dead bees - control 11958
Av. Dead bees per day - pollen trap 614.40
Av. Dead bees per day - control 747.40
Differences in dead bee values are not significantly different (P < 0.05)
Hendersonville Weather 15 July - 27 August 1999

Av. Precipitation (inches) 0.067

Av. Min temp (deg. F) 69.14

Av. Max temp (deg. F) 93.84

The pollen trap-treated colonies yielded an average of 9,830 total dead bees and

the control colonies yielded an average of 11,958 total dead bees, but the differences
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were not significant. There was 0.067 inches of rain per day and bees were seen foraging
clover in impressive numbers.
Pesticide residue analysis was initiated but due to internal problems, the residue

data is not available.

DISCUSSION

The result of the apple orchard test in Study 1 clearly demonstrated that foraging
honey bees were collecting microencapsulated pesticide (Penncap-M) with pollen grains
from the blooming clover after the pesticide application and bringing the pesticide back
to their colonies. Substantial amounts of pesticide were found in all of the pollen traps
used in that study. The methyl parathion LDs, for honey bees is 0.111 ug. This amount
equals 0.0000004217 moles. Figure 4 shows that the amount of residue in the collected
pollen is greater than the LDs, value for at least two days after the pesticide spray. The
residue values in the figure reflect both methyl parathion and its more toxic breakdown
product so that the residue values represent an even greater potential threat to foraging
bees than the difference between the LDso and the amounts of methyl parathion in the
pollen suggest. Pesticide residues on the orchard ground cover (clover) were present at
least two days after the pesticide application. The presence of residues on the clover and
in the incoming pollen loads supports the idea of a pathway from the pesticide spray to
the clover to the pollen loads to the nurse bees that consume the contaminated pollen and
are killed by poisoning.

The clover residue data from study 4 make it clear that the pesticide was

persisting in the field virtually undiminished for at least five days. This persistence
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would be unexpected with most pesticide formulations, but is consistent with the
intended performance of a microencapsulated pesticide.

The differences between the pesticide residues found in the live bee samples in
Study 1 compared with those found in the dead bee samples were substantial. These
differences suggest that bee death can be attributed to pesticides entering the hives.

The residue analysis of the pollen in Study 4 shows a diminished level after five
days. The inconsistency between the presence of high levels of pesticide on the clover
but lowered levels in the pollen on day 5 after the application can be explained by the bee
deaths. If bees foraging on the contaminated clover succumb to the poison, then it makes
sense that the incoming pollen loads contain a reduced amount of pesticide because at
least some of the foragers may be visiting unsprayed pollen sources and this fraction may
increase over the course of the study. The high number of bee deaths shown in Figure 6
supports this idea of diminishing foragers in the first few days after the spray.

The presence of some pesticide residue both on the clover and in the pollen on the
day before the spray can be explained by the fact that the experiment took place on an
agricultural research farm. It is unsurprising that there was some pesticide residue in the
area.

There was no significant difference between numbers of dead bees coming from
treated hives compared with controls. In three of the five studies, the numbers of bee
deaths were very low. Assuming a typical colony in these studies had a population of
25,000 bees and that the typical bee has a 42 day life-span, then it could be expected that
about 595 bees would die every day due to attrition. Although not all of these would die

in the hive, this calculation still highlights the fact that with the low dead bees per day
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values seen in these studies, it is unsurprising that there was no significant difference
between treated and control colonies. Even in the Study 6, which had the highest dead
bee per day values, the values were only 614 per day (treated colonies) and 747 per day
(controls).

Pollen traps failed to significantly reduce the number of dead bees in colonies
equipped with pollen traps. Pollen traps also failed to reduce the amount of pesticide in
dead bees. It may be that pollen traps are not as useful for these bee-aiding purposes as
was hoped. The pollen traps are not a foolproof barrier against pesticide-contaminated
pollen. In fact, they were designed to allow about half of the incoming pollen loads
through to the interior of the hive. Further, the bees are surprisingly resourceful in
finding ways to circumvent the intended path through the pollen traps into the hive. The
exit tubes are necessary so that drones don't clog up the hive entrance, and for the most
part work quite well as incoming foragers do not normally use the tubes as an entrance.
However, under the conditions of these studies, with large numbers of bees were dying
inside the hive, the already cramped entrance environment of the pollen trap probably
became too cramped. Many bees were trying to get out of their hives while carrying their
deceased nest mates. This clogging was foreseen and was the reason for expanding the
diameter of the exit tubes. Incoming bees circumvented the entrance by forming bunches
hanging from the exit tubes, despite the presence of the petroleum jelly put there to
discourage bee contact with the outside of the tubes. The bunches of workers served as
landing platforms for incoming foragers. Once she landed on a hanging bunch of
workers, a forager could easily walk in through the exit tubes and circumvent the pollen

traps.
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These studies were intended to create conditions that would result in the pesticide
poisoning of honey bees. The intent was to show that pollen traps could prevent the
poisoning. Hot and dry conditions in studies 2 and 3 created a situation in which the bee
colonies, despite being purposely placed in harms way, did not experience pesticide
poisoning.

Pollen traps didn't live up to the expectation of removing ample contaminated
pollen, but the hot and dry weather found in Studies 2 and 3 did create conditions to sever
the link between the pesticide and the bees. The lack of rain evidently kept the quantity of
clover down and decreased the attractiveness of the available clover. Clover is known for
its inability to survive periods of dry weather (Henning and Wheaton 1993). As a result,
bee activity was either reduced or was concentrated on plants other than the clover.
Drought, therefore, may actually be an IPM tool in some situations since it is barrier
between microencapsulated pesticides and honey bees.

A drought would not, however, prevent pest insects from visiting the orchard.
Trees are better at weathering brief droughts than ground cover plants, and the trees
continue to bear the fruit that attract the pests that require chemical control. Pesticides
that drift to blooming ground cover microencapsulated or otherwise, are a potential threat
to bees. These studies suggest that drought conditions may be another consideration
(along with formulation, time of day, distance from hives, etc.) for making pesticide
applications as safe as possible for honey bees.

Two other approaches to decreasing bee death related to Penncap poisoning were
use of clopyralid herbicide and mowing of the orchard floor. Although clopyralid was a

promising solution to the problem of blooming weeds in orchards, the material was not
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approved for orchard use by the EPA. Mowing the orchard floor isn't feasible for clover
control because the clover will grow back closer to the ground soon after mowing and
orchard floors tend to be composed of uneven terrain that is difficult to landscape
perfectly (Owings 2002).

Future studies could try to take overall weather patterns spanning a month before
pesticide sprays into account. Another useful measurement for future studies may be bee

activity as an indicator of blooming ground cover visits.
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Manuscript 2: Pollen Traps as a Tool for Varroa Mite Control
Introduction

Since the introduction of Varroa mites (Varroa destructor) to the U.S. in 1986,
Varroa mite infestation has been the most serious problem facing the U.S. beekeeping
industry. Nearly all feral honey bee colonies have been lost due to varroa mites (Krause
and Page 1995), and in addition, it is estimated that varroa mites are responsible for the
deaths of at least 30% of the honey bee colonies managed by people (Ambrose 2000).
Although effective pesticides to control the mites do exist, there are problems with each
of them.

Fluvalinate is the most commonly used acaricide, and is sold in a plastic strip
formulation called Apistan®. Apistan® was the exclusive chemical means to combat
varroa mites in the U.S. for a period of years, and frequent misuse during that time has
accelerated the inevitability of fluvalinate-resistant mites. Fluvalinate resistance has been
found in Europe (Lodesani et al.1995; Milani 1999) and in the U.S. (Elzen et al.1998;
Elzen et al.1999). Such reports are becoming commonplace which is unfortunate since
the product is highly effective and safe from a human standpoint.

A plastic strip formulation of the organophosphate coumaphos (Checkmite®) is
also effective for varroa control. However, concerns about the use of an
organophosphate by the beekeeping industry include greater risk of contaminated hive
products. Such contamination could cause a public health risk. As with any pest
subjected to the repeated use of a given pesticide, varroa mites can become resistant to
coumaphos. Some evidence of coumaphos-resistant mites has been shown in Europe

(Milani 1999), and recently, Nasr (2002) reported mites showing resistance to coumaphos
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in New Jersey. Another limitation of coumaphos is that it is made available only by EPA
section 18 Emergency Exemption, and it is not labeled as a general use pesticide.

A third chemical option for varroa control is formic acid. In February of 2000, a
gel formulation of formic acid was approved and labeled for use in U.S. beehives. The
new product has been shown to be about 70% effective against varroa mites, and is
effective against tracheal mites (USDA Beltsville 1999). As of this writing, however,
this formic acid product is unavailable due to problems with the formulation and
packaging discovered after its public release.

Due to the limitations of acaricides (resistant mites, honey and wax
contamination), non-chemical options for varroa mite control are desirable. Non-
chemical treatments such as screen bottom boards (Pettis and Shimanuki 1999) and
pollen traps (Hart and Nabors 2000) may be most effective as part of an integrated pest
management program. The goal of IPM is not to eliminate chemical treatments, but to
minimize and optimize pesticide use. With an economic threshold for mite populations
in mind (Delaplane and Hood 1999), an IPM plan for varroa mite control can incorporate
pesticide and non-pesticide measures.

Pollen traps were invented so that beekeepers could collect pollen for sale in the
marketplace. All pollen traps operate on the premise that pollen loads can be dislodged
from the corbiculae (pollen baskets) of incoming foragers and collected, or trapped, so
that the bee-collected pollen can be easily obtained by the beekeeper.

NCSU personnel and other researchers have observed that varroa mites are
occasionally found in pollen trap collecting drawers along with the pollen loads. The

expectation is that the screens in the pollen traps can fortuitously serve to remove varroa
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mites from incoming foragers (older workers). The removal of mites from incoming
foragers is a benefit that should be contrasted with the mode of action of chemical
acaricides, which remove mites from the entire population of adult bees. In addition,
pollen traps may remove varroa mites in a manner similar that accomplished by screen
mesh bottom boards (Pettis and Shimanuki 1999) since pollen traps do provide a screen
that covers most of the area under the hive body. The quantity of mites which happen to
be removed from honey bee colonies by pollen traps, and the effect this removal may
have on overall mite populations have not been studied in detail. The studies reported
here were designed to evaluate the impact of pollen traps on varroa mite population

reduction, and to compare these results with the standard Apistan® treatment.

Materials and Methods

Study I
On 15 November 1999, 16 honeybee colonies were sampled for mite levels. The
colonies were of Italian-hybrid stock, and located in the NCSU apiary in Raleigh, NC.
Eight of the colonies were assigned to a “high mite infestation” category (0.2 or more
mites per bee). The other eight colonies were assigned to a “low mite infestation”
category (.18 or fewer mites per bee). For each mite infestation category, 4 of the 8
colonies were installed over commercial pollen traps, while the other 4 colonies were
treated with Apistan. The treatments were assigned randomly within each infestation
category.

Over the course of 56 days, the numbers of mites in the pollen trap collecting

drawers were counted on November 16, 17, 18, 22, 23, 26, December 3 and January 10.
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The 56-day treatment period was chosen because it is the label-recommended duration of
a full Apistan treatment. Mite kill was quantified at these same intervals. The number of
mites knocked down was determined by using sticky boards made from smooth-finished

cardboard coated with Pam cooking spray. The sticky boards were installed under 1/8”

Figure 1. Pollen trap with open collecting drawer and arrows pointing to
modified bee exits

hardware cloth bottom boards. The spray was reapplied after each mite count was
completed.

The pollen traps used in this study were purchased from CC Pollen company' and
measure 207x16.25”x5 5/16” (LxWxH). The traps are made of wood and house two 5-
mesh wire screens through which incoming bees must pass in order to enter the hive (see

Figure 1). The screens extend horizontally over most of the area under the hive body and

' CC Pollen Co. 3627 E. Indian School Rd. Suite 209 Phoenix, AZ 85018
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are 7/8” apart. This arrangement serves to dislodge 60-70% of incoming pollen loads. A
pollen-collecting drawer is situated beneath the screens and four small exit holes fitted
with short (3-4”) plastic tubes allow drones and workers to leave the hive without going
through the pollen barrier.

The exits were enlarged in this study from ’%2”diameter holes (with 3/8” inner
diameter tubes) to 5/8” holes (with %2 inner diameter tubes). Very few bees found their
way into the hive through the tubes, which were modified by smearing a small quantity of
petroleum jelly on the surface to further discourage incoming foragers from landing and
entering through the exit tubes.

Mites per bee values and total mites collected values were analyzed by analysis of
variance using SAS proc GLM (SAS Institute Inc. 1991).

Study II

Most aspects of this study were identical to the first study. The main differences were that
Study II was larger (more colonies), and included untreated control colonies. For this
study, about

half of the colonies were of Italian-hybrid stock, while the other half of the colonies were
of Russian stock. 35 colonies were sampled for mite populations on 12 July 2002, and
placed in one of three infestation categories. “Low infestation” colonies had between 0.8
and 1.9 mites per bee, “Medium infestation” colonies had between 2.0 and 5.0 mites per
bee and “high infestation” colonies had between 5.1 and 19.1 mites per bee. Within each
infestation category, colonies were evenly subdivided into three groups: (1) no treatment,
(2) Apistan treatment and (3) pollen trap treatment. The treatments were assigned

randomly within each infestation category and put in place on 24 July 2002. Mite
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samples were taken on July 25, 31, August 5, 9, 16, 30, and September 6 and 17. In
addition, all colonies, including the control (no treatment) colonies, were sampled for
mite levels on July 31, August 9, 30, and September 17. The mite-level assessment was
done by scooping about 100 bees directly from honey-storage combs into a jar of 90%
ethanol in order to determine the number of mites per bee.

Mites per bee values and total mites collected values were analyzed by analysis of

variance using SAS proc GLM (SAS Institute Inc. 1991).

RESULTS

Study 1: Effectiveness of pollen traps compared with Apistan for Varroa mite
control on honey bees — 1999 study

Table 1 contains the data for the colonies, treatments, quantity of mites collected
and initial and final mite per bee levels. Column D shows the starting mite per bee level,
column E shows the final mite per bee level and column F shows the change in the mite
per bee level for each colony. In almost all cases, the mite per bee levels decreased over
the course of the study. The two colonies that did experience a slight increase in mite per
bee level were both pollen trap-treated colonies. The change in the mite per bee level
was in most cases greater for Apistan treated colonies, with the average change in mites
per bee being about five times higher for Apistan treated colonies (-0.202) than for pollen

trap-treated colonies (-0.041). None of the colonies involved died during this study.
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Table 1. Effectiveness of pollen traps compared with Apistan
for Varroa mite control on honey bees - 1999 study

A B C D E F G
Colony Treatment Infestation Initial mites Final mites Change in Total mites
per bee per bee mites per bee collected

E11 Pollentrap High 0.26 0.268 0.008 4200
E10 Pollentrap High 0.26 0.102 -0.158 895
DC5 Pollentrap High 0.2 0.162 -0.038 4044
R9 Pollentrap High 0.2 0.141 -0.059 2545
E13 Pollentrap Low 0.18 0.162 -0.018 1602
DCR3 Pollentrap Low 0.14 0.096 -0.044 143
DCS5 Pollentrap Low 0.12 0.080 -0.040 49
DCS2 Pollentrap Low 0.08 0.098 0.018 1213
N3 Apistan High 0.32 0.033 -0.287 4001

R7 Apistan High 0.24 0.000 -0.240 4766
E2 Apistan High 0.22 0.000 -0.220 1653
DC2 Apistan High 0.2 0.000 -0.200 853

F5 Apistan Low 0.18 0.000 -0.180 991
DCR1 Apistan Low 0.18 0.013 -0.167 2273

F1 Apistan Low 0.18 0.000 -0.180 2241
DCR4 Apistan Low 0.14 0.000 -0.140 1213
Average collected mites per colony treated with Apistan 2248.9 !
Average collected mites per colony treated with pollen traps 1836.4 [
Average Final Mites per Bee - Apistan 0.006 (1]
Average final mites per bee -pollen traps 0.139

Results with the same superscript are not significantly different (P < 0.05)

Average final mites per bee values significant at (P < 0.01 ) level

Average change in mites per bee - Apistan -0.202
Average change in mites per bee - pollen traps -0.041

The values in column E can be used to determine whether mite levels in each
colony are above the economic treatment threshold. Delaplane and Hood (1999)
established this threshold for the southeastern U.S. and report that a mite per bee level of
0.05 or above indicates that the bee colony can optimally benefit from a chemical

acaricide treatment. Pollen trap-treated colonies were in all cases above the threshold,
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while Apistan treated colonies were in all cases below the threshold. The average value
for final mites per bee was significantly higher (P < 0.01) for pollen trap-treated colonies
(0.139) than for Apistan treated colonies (0.006).

Column G shows the total number of mites that were collected for each colony,
either in the pollen traps or on the sticky boards that were installed under the Apistan-
treated colonies throughout the course of the study. The values in column G include
mites that were dead and mites that were still alive but had been permanently removed
from the colony environment. The average number of mites collected for Apistan
(2248.9) and pollen trap-treated colonies (1836.4) was not significantly different (P <
0.05). However, the statistical analysis did show that the infestation category (column
C) did have a significant effect on the number of mites collected. Colonies in the high
infestation category, regardless of treatment, yielded significantly higher collected mite

numbers (P < 0.05) than colonies in the low infestation category.
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Figure 2. Cumulative Averaged Mites Collected 11/16/99
through 1/10/00
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The average number of mites collected for Apistan (2248.9) and pollen trap-treated colonies (1836.4)

was not significantly different (P < 0.05)

Figure 2 shows the manner in which the values in column G were accumulated
over time. The values for the Apistan treated colonies were consistently higher
throughout the study. For the Apistan treated colonies, 50% of the mites were collected
within six days (indicated by an asterisk) after the treatments were implemented. For

pollen trap-treated colonies, 50% of the mites were not collected until 17 days after the

treatments were implemented.

Study 2: Effectiveness of pollen traps compared with Apistan for Varroa mite
control on honey bees — 2002 study

Four out of the original 35 colonies died during the study. Data from the four
colonies that died during the course of the study were not analyzed. Two of these four
were control colonies, one was a pollen trap-treated colony and the fourth was an Apistan
treated colony. The last mite per bee level that was taken for the control colonies were

0.11 for one and 0.09 for the other. The last mite per bee level taken for the pollen trap-
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treated colony was 0.14 and the value for the Apistan treated colony was 0.06. It is of
interest to note that all of these infestation levels were above the recommended economic
threshold levels (Delaplane and Hood 1999).

In Table 2, column D shows the starting mite per bee level, column E shows the
final mite per bee level and column F shows the change in the mite per bee level for each
colony. The values in column F show that two out of the eleven of the pollen trap-treated
colonies showed an increase in the mite per bee level. Also, one out of the eight Apistan
treated colonies, and 11 out of the 12 control colonies showed a mite per bee increase

from the start to the finish of the study.
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Table 2. Effectiveness of pollen traps compared with Apistan
for Varroa mite control on honey bees - 2002 study

A B C D E F G
Colony Treatment Infestation Initial mites  Final mites Change in Total mites
per bee per bee mites per bee collected

2 Pollentrap High 0.1 0.1 -0.01 847
3 Pollentrap  Medium 0.02 0.19 0.17 1662
6 Pollentrap Low 0.01 0.04 0.03 140
11 Pollentrap High 0.19 0.01 -0.18 137
20 Pollentrap Low 0.01 0.01 0.00 48
21 Pollentrap  Medium 0.02 0.03 0.01 201
14 Pollentrap Low 0.01 0 -0.01 24
35 Pollentrap High 0.08 0.07 -0.01 69
26 Pollentrap High 0.06 0.05 -0.01 151
23 Pollentrap  Medium 0.02 0.01 -0.01 24
29 Pollentrap  Medium 0.03 0.02 -0.01 14
33 Apistan Low 0.02 0 -0.02 2030
38 Apistan Medium 0.13 0.16 0.03 1859
41 Apistan Medium 0.04 0.04 0.00 2454
31 Apistan High 0.07 0 -0.07 1821
7 Apistan Medium 0.03 0 -0.03 919
8 Apistan High 0.07 0.01 -0.06 1002
10 Apistan Low 0.02 0 -0.02 4
22 Apistan Medium 0.04 0 -0.04 52
32 Control High 0.13 0.14 0.01 0
28 Control Medium 0.03 0.1 0.08 0
25 Control High 0.07 0.08 0.01 0
13 Control Low 0.01 0.05 0.04 0
5 Control Low 0.01 0.18 0.17 0
42 Control Low 0.04 0.08 0.04 0
44 Control Medium 0.03 0.05 0.02 0
39 Control Low 0.05 0.02 -0.03 0
40 Control Medium 0.02 0.07 0.05 0
16 Control Medium 0.03 0.04 0.01 0
18 Control Low 0.01 0.03 0.02 0
34 Control Medium 0.04 0.09 0.05 0
Average collected mites per colony treated with Apistan 1267.625 !

Average collected mites per colony treated with pollen traps 301.5

Average Final Mites per Bee - Apistan 0.026 1!

Average final mites per bee -pollen traps 0.048 12

Average final mites per bee - control 0.078

Results with the same superscript are not significantly different (P < 0.05)

Average change in mites per bee - Apistan -0.025
Average change in mites per bee - pollen traps -0.003
Avererage change in mites per bee - control 0.041
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Although the final mite per bee levels differed significantly only when Apistan
treatment is compared to the controls (P < 0.05), it is notable that both the Apistan and
the pollen trap-treated colonies show average final mite per bee values that are below the
economic treatment threshold while the average value for the control colonies is above
the threshold. In fact, while only 3 out of the 12 control colonies ended up below the
threshold, 7 out of the 11 pollen trap-treated colonies and 7 out of the 8 Apistan treated
colonies had a final mite per bee level below the economic threshold.

The infestation level shown in column D of Table 2 was statistically determined
to have such a negligible effect that it could be ignored.

Figure 3 shows the manner in which the values in column G were
accumulated over time. The values for the Apistan treated colonies were consistently
higher throughout the study. For the Apistan treated colonies, 50% of the mites were
collected within six days (indicated by an asterisk) after the treatments were
implemented. For pollen trap-treated colonies, 50% of the mites were not collected until

approximately 18 days after the treatments were implemented.
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Figure 3.Cumulative Averaged Mites collected 7/25/02

through 9/17/02

1400

1200
///

—— Apistan
— — Pollen Trap

3
£ 1000
= s
0 800 j"/
%’ 600 /
E 400
&) L
200 —
0 ’f‘ T T T T T
1 7 12 16 23 37 44
Day
DISCUSSION

* = 50% of collected

mites

An important element in understanding the results of these experiments is the way

in which the population of Varroa destructor normally fluctuates in a bee colony over the

course of a normal year. De Jong (1987) explains that mite infestation levels increase

dramatically as the year comes to a close. This population explosion is a well-known

aspect of the varroa problem and it explains the main differences between Study I and

Study II. Study I took place in December and January with starting mite per bee levels

averaging over 0.19 while Study II took place in July and August with starting mite per

bee levels averaging 0.05. This almost fourfold difference in starting levels is

unsurprising due to the different times of year that the studies were conducted. As the

year comes to a close, bee populations decline and mite populations increase, so that the

74



mite per bee level increases rapidly. The resulting heavy infestation is often the cause of
colony death around the fall season.

In Study II, the control colonies exhibit this natural increase in mite population.
While the control colonies started the study with an average of 0.04 mites per bee, they
finished the study with an average of more than 0.078 mites per bee. Eleven out of the 12
control colonies were at or above the 0.05 mites per bee treatment threshold (Delaplane
and Hood 1999) at the end while only 3 out of the 12 were at or above the threshold at the
start.

The striking result of Study II is that both the Apistan and the pollen traps were
able to slow the natural population explosion of the mites to the point of bringing many
of the colonies below the treatment threshold. Seven of the 11 colonies treated with
pollen traps ended the study below the treatment threshold. Therefore, the standard
acaricide treatment could be delayed in those seven colonies. These and the other
colonies used in Study II will be monitored for mite levels to determine the time at which
acaricide treatment will be required. Compare this result with Study I in which none of
the colonies treated with pollen traps ended the study below the threshold. This seeming
inconsistency makes sense in the context of the different times of year in which the two
studies took place.

The most striking result in Study I was the similarity between the two different
treatments in the number of mites that were removed from the colonies. Colonies treated
with Apistan yielded an average of 2248.9 mites while colonies treated with pollen traps
yielded an average of 1836.4 mites. On the surface, this similarity might indicate that

pollen traps are just as good as Apistan at controlling varroa mites. However, Apistan
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had a more immediate effect. The timing of mite removal seems to be even more
important than the overall numbers of mites removed. The slow and steady culling of
mites accomplished by the pollen traps leaves a relatively strong population of mites
inside the bee colony to continue reproducing. By quickly removing a large quantity of
mites, Apistan treatment results in an overall smaller mite population than the more
sluggish pollen trap treatment.

These observations point to future studies in which pollen traps are placed on
colonies even earlier in the season. It would certainly be of interest to repeat this type of
study a third time, but timed so that the treatments are implemented in a period such as
September and October which is between the periods used in these studies.

Earlier placement may retard mite populations sufficiently to make an even more
pronounced delay in acaricide treatment possible. Further, slowed mite population
growth could make reduce the necessary number of acaricide treatments per year.
Delayed or reduced acaricide treatment would have important advantages to beekeepers.
Since acaricide treatment protocols require the removal of honey supers during the
treatment period, a delayed treatment would create a longer period for bees to take
advantage of honey flows. The bees would have more time to collect, process and store
honey surpluses. This extra time would be particularly valuable in areas that experience
late-season honey flows such as from goldenrod (Solidago spp.) and aster (various
species in family Asteraceae).

Reduced numbers of acaricide treatments would save time, labor and money for
beekeepers. A fluvalinate application to a single colony costs from $6.36 to $8.80

(Dadant and Sons 2000; Mann Lake Ltd. 2000).
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Reduced numbers of acaricide treatments would also reduce the risks of pesticide
contamination of the honey crop and the wax comb. Since it is a synthetic pyrethroid,
fluvalinate is a lipophillic material and therefore presents a greater risk of wax comb
contamination than of honey contamination.

Another advantage of using pollen traps is the possibility of added income from
sale of the collected pollen. The wholesale price that is paid to beekeepers for pollen is
generally in the range of $4 - $15 per kilogram, depending on the quality of the pollen
(Schmidt and Buchmann 1993). Consumers are often willing to pay high prices for
pollen and pollen products so that profits for both beekeepers and retailers can be quite
high. The production of a large variety of different products containing pollen for human
consumption is rising. One company reported processing 500 tons of such products to
yield gross sales of $13 million in 1987 (Schmidt and Buchmann 1993).

Use of pollen traps for varroa mite control and a means to delay or reduce
acaricide applications would be part of an integrated pest management scheme. Other
researchers, such as Hart and Nabors (2000), have investigated the use of pollen traps in
IPM. In their study, Hart and Nabors combined pollen traps with drone pupae destruction
as an IPM measure for varroa mite control. The current research focuses on the role of
pollen traps in varroa mite control.

These studies indicate that pollen traps do have a practical value in an [PM
approach to varroa mite control. This IPM approach should include monitoring honey
bee colonies for mite per bee levels to determine if chemical acaricide treatment is
warranted. In addition to monitoring mite levels, IPM could include pollen traps or other

specialized screen bottom boards (Pettis and Shimanuki 1999), use of mite-resistant bee
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stocks (Rinderer et al. 2000) or recently registered essential oil products. (Ellis et al.
2001). Pollen traps are a particularly attractive option since they offer potential for extra
income and they remove mites from the colony both by catching falling mites and by

removing mites from foragers as they return to their hives.
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Batch 1

le ID lab ID ple | m. parathion | m. p m. parathion | m. 1 | sample | conc. | date of
type p p % recovery | % recovery | wt.(g) | ug/g* | analysis
m.parathion 0.102|  std 127379
m.paraoxon 0.095|  std 80198
59011 ck 0.102 | check 182792 143.5024612 2.58
59011 ck 0.095 check 80222 100.0299259
Hive Bees 20aug97 3 59031 bees 108313 2.53 | 0.034 |12-Nov-97
Hive bees 20aug97 4T 59032 bees 121482 3.05 | 0.032
Hive bees 20aug97 5T 59033 bees 34033 2.58 | 0.011
Hive bees 20aug97 10T 59034 bees nd 261
Hive bees 20aug97 14 59035 bees 130252 2.53 | 0.041
Hive bees 20aug97 21T 59036 bees 84965 2.56 | 0.027
Hive bees 20aug97 22T 59037 bees 23381 3.65 | 0.005
Hive bees 20aug97 23T 59038 bees 70216 2.54 |0.022
Hive bees 20aug97 24T 59039 bees 45317 2.63 | 0.014
Hive bees 20aug97 25T 59040 bees 93629 2.52 | 0.030
Run with Batch 4
* Cunnown=(Runknowr/ Ratandars Catangara) Sample wi.
Batch 2
sample ID lab ID ple | m. parathion | m. paraoxon | m. parathion |m. par. sample wt. | conc. | date of
type ! p % Y | % recovery (9) ug/g* | analysis
m.parathion 0.0766 std 114671 ** 24-Oct-97
m.paraoxon 0.0714 std 42960
m.parathion 0.102 std 158586
m.p n 0.095 std 53879
m.parathion 0.511 std 820088
m.paraoxon 0.476 std 309445
m.parathion 0.511 std 578080
m.paraoxon 0.476 std 196944
59014ck 0.0766 210ct97 | check 121242 105.7303067 2.57 28-Oct-97
59014ck 0.0714 210ct97 | check 58157 135.374767
59014ck 0.102 210ct97 | check 189242 119.3308363 2.50
59014ck 0.095 210ct97 | check . 77578 143.985597
59014ck 0.511 210c197 check 833412 101.6247037 260
59014ck 0.476 210ct87 check 423142 136.742232
Hive Bees 20aug97 27 59041 bees 97963 2.57 0.0255
Hive Bees 20aug97 26 59042 bees 109537 2.57 0.0285
Hive Bees 20aug97 30 59043 bees 138579 2.60 0.0356
Hive Bees 20aug97 41 59044 bees 53506 2.55 0.0140
Hive Bees 20aug97 43 59045 bees 152746 2.55 0.0400
Hive Bees 20aug97 45T 59046 bees 60329 2.53 0.0159
Hive Bees 20aug97 46T 59047 bees 63912 2.60 0.0164
Hive Bees 20aug97 49T 59048 bees 52138 2.51 0.0139
Hive Bees 20aug97 50 59049 bees 163626 2.60 0.0420
Hive Bees 20aug97 52 59050 bees + 388223 2,52 0.1029
* Cunsown=(Runinown/Retandarg” Catangarad/ SAMPple Wt |*% oo il pafeulativs
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Batch 3

sample ID lab 1D sample | m. parathion | m. paraoxon | m. parathion | m. paraoxon | sample wt. | conc. | date of
type response response | % recovery | % recovery (a) ug/g* | analysis

|m.parathion 0.0511 |std 70863 2-Nov-97

m.paraoxon 0.0476 |std 35001

m.parathion 0.0766 |std 117849

m.paraoxon 0.0714 |std 67059

m.parathion 0.102 |std 144596

m.paraoxon 0.095 |std 75198

m.parathion 0.511 [std 741651 **

m.paraoxon 0.476 |std 427535

m.parathion 0.511 |std 712963

m.paraoxon 0.476 |std 413456

blank 290ct97 blank

59017ck 0.0511 check 73170 103.26 2.55

59017ck 0.0476 check 41316 118.04

59017ck 0.0766 check 127785 108.43 2.55

59017ck 0.0714 check 74282 110.77

59017ck 0.102 check 147010 101.67 2.59

59017ck 0.095 check 76652 101.93
Hive Bees 21aug97 3 59051 bees 310386 2.58 0.083
Hive Bees 21aug97 4T 58052 bees 47951 2.52 0.013
Hive Bees 21aug97 5T 59053 bees 93359 2.59 0.025
Hive Bees 21aug97 10T 59054 bees 23546 2.59 0.006
Hive Bees 21aug97 14 59055 bees 165752 2.51 0.045
Hive Bees 21aug97 21T 59056 bees 134145 2.54 0.036
Hive Bees 21aug97 22T 59057 bees 44431 2.54 0.012
Hive Bees 21aug97 23 59058 bees 269287 2.50 0.074
Hive Bees 21aug97 24T 59059 bees 108796 2.57 0.029
Hive Bees 21aug97 25T 53060 bees 109143 257 0.029
Hive Bees 21aug97 26 59061 bees 90940 2.59 0.024
Hive Bees 21aug97 27 59062 bees 333503 252 0.091
Hive Bees 21aug97 30 59063 bees 163835 2.50 0.045
Hive Bees 21aug97 41 59064 bees 190656 2.52 0.052
Hive Bees 21aug97 43 58065 bees 123824 252 0.034
Hive Bees 21aug97 45T 53066 bees 148400 2.58 0.040
Hive Bees 21aug97 46T 58067 bees 204289 257 0.055
Hive Bees 21aug97 49T 59068 bees 235889 2.59 0.063
Hive Bees 21aug97 50 59069 bees 472135 2.55 0.128
Hive Bees 21aug97 52 59070 bees 72877 2.56 0.020
* Cuniaown=(Runsnowr/Retandard” Catanaarg) Sample wi. LEs sord i ¢pleviahougs
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Batch 4

ple ID lab ID pl m. f hi m. p m. parathi m. p pl conc.| date of
type response P % Y | % Y [[+]] ug/g* lysi

m.p 0.0255 |std 32793 12-Nov-97

m.p 0.0238 [std 11226

m.p hion 0.0511 |std 63735

m.p 0.0476 |std 25569

m.parathion 0.102 _ |std 127379

m.p 0.095. |std 80198

m.p 10425 |std 16146614~

m.paraoxon 9.525  |std 16598854

blank 150c187 blank nd nd

blank 05nova7 blank nd nd

59017bee blank blank nd nd 2.52

59017ck 0.0255 check 48736 148.6170829 2,64

59017ck 0.0238 check 11038 98.32531623

59017ck0.0511 check 95074 149.1707853 2.57

59017ck0.0476 check 20820 81.42672768

59011 ck 0.102 check 182792 143.5024612 2.58

59011 ck 0.095 check 80222 100.0299259

59017ck 0.102 check 213646 167.7246642 2.53

59017ck 0.095 check 87520 109.1299035
Dead Bees 20aug87 5T(B) 59071 bees 64514 1.85 0.022
Dead Bees 20aug87 50(B) 59074 bees 3110905 2.51 0.784
Dead Bees 20aug87 3(B) 58075 bees 5021864 1.61 1.873
Dead Bees 20aug97 4T(B) 59076 bees 18932346 2.51 4.772
Dead Bees 20aug97 10T(B) 59077 bees 1343856 2.53 0.336
Dead Bees 20aug97 14(B) 59078 bees 12331745 2.56 3.047
Dead Bees 20aug97 21T 59079 bees 2653484 2.55 0.658
Dead Bees 20aug87 221(8B) 59080 bees 16060 164 | 0.006
Dead Bees 20aug97 23(B) 59081 bees 9864380 2.55 2.447
Dead Bees 20aug87 24T(B) 59082 bees 8015352 2.53 2.004
Dead Bees 20aug97 25T(B) 59083 bees 3475589 2.56 0.859
Dead Bees 20aug97 26(B) 59084 bees 17121439 2.53 4.281
Dead Bees 20aug97 27(B) 59085 bees 10779327 2.52 2.706
Dead Bees 20aug97 30(B) 59086 bees 5336523 2.53 1.334

cad Bees 20aug97 41(B) 59087 bees 7557155 2.52 1.897

Dead Bees 20aug97 43(B) 59088 bees 7027120 2.55 1.743
Dead Bees 20aug97 45T(B) 59089 bees 1653623 212 |0.493
Dead Bees 20aug97 46T(B) 59090 bees 11550099 253 |23888
* Curinoven=(Runknowt/Rusarars " Cotandarad SAMple W | ¥4 of | paleuilng
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ple ID lab ID p m. par m. p m. parathion | m. paraoxon | sample wt. | conc. | date of
type P P %, y | % recovery (9) uglg* lysi

m.parathion 0.102 std 209625 2-Dec-97

m.parathion 0.102 std 221048

m.paraoxon 0.095 std 145989

m.paraoxon 0.085 std 157725

m.parathion 0.511 std 974570

m.parathion 0.511 std 1013414

m.paraoxon 0.476 std 767993

m.paraoxon 0.476 std 787615

m.parathion 1.022 std 1678983+ »

m.parathion 1.022 std 2070174* |

m.paraoxon 0.953 std 1514576

m.paraoxon 0.953 std 1666377

m.parathion 1.022 std 1772485
Dead Bees 49T(B)20aug97 59091 bees 4236083 222 1.161
Dead Bees 52T(B)20aug97 59092 bees 7564280 2.52 1.827
Dead Bees 10T(B)21aug87 59111 bees 697812 1.85 0.230
Dead Bees 21T(B)21aug87 59112 bees 6120183 2.53 1.472
Dead Bees 23(B) 21aug97 59113 bees 7343918 2.54 1.760
Dead Bees 24T (B)21aug97 59114 bees 8604537 2.52 2.078
Dead Bees 26(B)21aug97 59115 bees 10183928 2.52 2.460
Dead Bees 27(B)21aug97 59116 bees 5230729 2.52 1.263
Dead Bees 49T (B)21aug97 59117 bees 4096533 3.57 0.698
Dead Bees 52(B)21aug97 59118 bees 4634036 2.50 1.128
Hive Bees 22T 18aug97 ck 0.5(59017) check 840311 257504 96.48470608 | 33.52947227 2.50

blank spike 1.0 | blank spike 875975 99888

Dead Bees 3(B)21aug97 59119 bees 7465383 2.50 1.474
Dead Bees 5T(B)21aug97 59120 bees 1850635 1.85 0.494
Dead Bees 4T(B)21aug97 59121 bees 5238722 2.54 1.018
Dead Bees 14(B)21aug87 59122 bees 7648269 2.49 1.516
Dead Bees 22T(B)21aug87 59123 bees 389096 1.49 0.129
Dead Bees 30(B)21aug97 59125 bees 5748828 2.51 1.131
Dead Bees 41(B)21aug97 59126 bees 4646281 2.53 0.907
Dead Bees 43(B)21aug97 59127 bees 6649437 2.51 1.308
Dead Bees 45T (B)21aug97 59128 bees 3721624 249 0.738
Dead Bees 46T (B)21aug97 59129 bees 4592868 232 0.977
Hive Bees 22T 18aug87 ck 1.0a check 1664688 690937 99.14859174 | 45.61916999 2.60
Hive Bees 22T 18aug97 ck 1.0b check 1763358 1076280 | 105.0253636 | 71.06147199 2.52
* Cironr=(R IR yaretorg” Cotancara)/ SAMple Wi ® A e B | 4 e g
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Batch 6

ple ID lab ID ple |m. paratt m. p m. parathion| m. p ple wt.| conc. | date of
type I p % recovery | % recovery (g) ug/g* | analysis
3-Dec-97
m.parathion 0.511 std 1008525
m.parathion 0.511 std 1056541
m.parathion 0.511 std 1066219
m.paraoxon 0.476 std 734732
m.paraoxon 0.476 std 820731
m.paraoxon 0.476 std 838795
m.parathion 1.022 std 2052454 "1
m.parathion 1.022 std 209316844
m.parathion 1.022 std 2926102
m.paraoxon 0.953 sid 1602241
m.paraoxon 0.953 std 1518651
m.paraoxon 0.953 std 2171123
m.parathion 10.215 std 20857277
m.parathion 10.215 std 20577256
m.parathion 10.215 sid 21013523
m.paraoxon 9.525 std 14701415
m.paraoxon 9.525 sid 15569438
m.paraoxon 9.525 sid 23091656
Dead Bees 50(B)21aug97 59130 bees 7582071 251 1.504
Dead Bees 4T27aug97 59151 bees 1353263 2.52 0.267
Dead Bees 23 27aug97 59152 bees 2099633 2.50 0.418
Dead Bees 41 27aug97 59153 bees 3131576 2.49 0.626
Dead Bees 43 27aug37 59154 bees 2291738 251 0.455
Dead Bees 49T27aug97 59155 bees 1658783 253 0326
Dead Bees 50 27aug97 59156 bees 4105769 2.46 0.831
Dead Bees 10T27aug97 59157 bees 2290700 6.68 017
Hive Bees 25T 18aug97 59020ck 1.022 std 1426327 | 92.32041254 2.58
59020ck 0.953 std 1894834 89.02075281
Hive Bees 25T18aug97 59020ck 10.215 std 19740059 | 15300173 | 94.64350979 2.55
59020ck 9.525 sid 104.0727916
blank spike 1.0 blank spike | 1842308 753719 | 89.76123216 | 47.04154993
Hive Bees 3 18aug97 59011 bees 31996 2.46 0.006
Hive Bees 4T 18aug97 59012 bees 247 0.000
Hive Bees 5T 18aug97 59013 bees 2.50 0.000
Hive Bees 10T 18aug97 59014 bees 241 0.000
Hive Bees 14 18aug97 59015 bees 243 0.000
Hive Bees 21T 18aug97 59016 bees 245 0.000
Batch 6
ple ID lab ID m. p p m. parathion | m. sample wt.| conc. | date of
P p % y | % Y (a) uglg* | analysis
Hive Bees 23 18aug97 59018 bees 40861 2.47 0.008 | 3-Dec-97
Hive Bees 24T 18aug87 59019 bees 4.90 0.000
Hive Bees 25T18aug97 59020 bees 36460 247 0.007
Hive Bees 26 18aug97 59021 bees 2.41 0.000
Hive Bees 27 18aug97 59022 bees 2.54 0.000
Hive Bees 30 18aug97 59023 bees 96129 2.46 0.019
Hive Bees 41 18aug97 59024 bees 144776 2.48 0.029
Hive Bees 43 18aug97 59025 bees 2.44 0.000
Hive Bees 45T 18aug97 59026 bees 252 0.000
Hive Bees 46T 18aug97 59027 bees 2.52 0.000
Hive Bees 49T 18aug97 59028 bees 2.51 0.000
Hive Bees 50 18aug97 59029 bees 2.40 0.000
Hive Bees 52 18aug97 59030 bees 2.38 0.000
* Copinown=(Runiowr!/Retandord Coancar)/SAMPlE W [* T sqi30- sdisT - s9clt- w9020
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clover batch 1

sample ID lab ID sample jm. parathion/m. | on|m. parathi paraoxon|sample wt. conc.| date of
type | response p % recovery | % recovery (g) ug/g*| analysis
m.parathion 1.022 std 1849143 10-Dec-87
m.paraoxon 0.953 std 1227105
m.parathion 10.215 std 19753570
m.paraoxon 9.525 std 13725851
Dead Bees 3 20aug97 59093 f1 clover 37309 0.43 0.048
Dead Bees 3 20aug97 58093 f2 clover 0 0.43
Dead Bees 4T20aug97 59094 f1 clover 21662 0.15 0.080
Dead Bees 4T20aug97 59094 12 clover 0 0.15
Dead Bees 10T20aug87 59095 f1 clover 83820 0.85 0.055
Dead Bees 10T20aug87 59095 f2 clover 0.85
Dead Bees 14 20aug97 59096 f1 clover 74311 1.03 0.040
Dead Bees 14 20aug97 59096 2 clover 1.03
Dead Bees 21T20aug97 59097 f1 clover 29528 0.35 0.047
Dead Bees 21T20aug97 59097 12 clover 0 0.35
Dead Bees 22T20aug97 59098 1 clover 13291 0.07 0.105
Dead Bees 22T20aug97 59098 2 clover 0 0.07
Dead Bees 23 20aug97 59099 f1 clover 183750 1.00 0.102
Dead Bees 23 20aug97 59099 f2 clover 1.00
Dead Bees 24T20aug97 59100 f1 clover 89114 0.51 0.097
Dead Bees 24T20aug97 59100 f2 clover 0 0.51
Dead Bees 25T20aug97 59101 f1 clover 86295 1.00 0.048
Dead Bees 25T20aug97 59101 f2 clover 0 1.00
Dead Bees 26 20aug97 59102 f1 clover 18666 1.62 0.006
Dead Bees 26 20aug97 59102 f2 clover 0 1.62
Dead Bees 27 20aug97 59103 f1 clover | 134818 1.01 0.074
Dead Bees 27 20aug97 59103 f2 clover 0 1.01
Dead Bees 30 20aug97 59104 f1 clover 15959 1.91 0.005
Dead Bees 30 20aug97 59104 f2 clover 0 1.91
Dead Bees 41 20aug97 59105 f1 clover 128238 1.02 0.069
Dead Bees 41 20aug97 59105 12 clover 0 1.02
Dead Bees 43 20aug97 59106 M1 clover 0 1.56 0.000
Dead Bees 43 20aug97 59106 12 clover '] 1.56
Dead Bees 45T 20aug97 59107 f1 clover 184879 1.29 0.079
Dead Bees 45T 20aug97 59107 12 clover 0 1.29
Dead Bees 46T20aug97 59108 1 clover 73154 0.65 0.062
Dead Bees 46T20aug97 59108 f2 clover 0 0.65
Dead Bees 49T20aug97 59109 f1 clover 61844 0.42 0.081
Dead Bees 49T20aug97 59109 f2 clover 0 0.42
clover batch 1
sample ID lab ID m. parathion/m. paraoxonm. parathionm. paraoxon|sample wt.| conc.| date of
response | response | % recovery | % recovery (9) ug/g* | analysis
Dead Bees 52 20aug97 59110 1 clover 8538 1.68 0.003
Dead Bees 52 20aug97 59110 f2 clover 0 1.68
Dead Bees 25T21aug97 59124 f1 clover 137276 0.42 0.181 | 10-Dec-97
Dead Bees 25T21aug97 59124 12 clover 0 0.42
Dead Bees 10T21aug97 59131 f1 clover 33530 0.31 0.060
Dead Bees 10T21aug97 | 59131 42 clover 0.31 0.000
Initial Clover 19aug97 58989clover blank f1| clover 7436 0.97 0.004
Initial Clover 19aug97 58989clover blank f2| clover 0.97
Initial Clover 19aug97 58989ck 1.0 f1 clover | 1902126 103.776398 0.99
Initial Clover 19aug97 58989ck 1.0 f2 clover 16848 1563446 127.409309 0.99
Initial Clover 19aug97 58989ck 10.0 f1 clover | 19424148 98.332342 1.04
Initial Clover 19aug97 58989ck 10.0 f2 clover 8962809 65.2987491 1.04
|
* Cynknown={Runknowr/Rstandars " Catandara) SaMple wt. T®ured A chleviedions
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clover batch 2

ple ID lab ID ple | m. parathion | m. paraoxon | m. parathi m. p sample wt.| conc. | date of
type P p % recovery | % recovery (g) ugl/g* | analysis
m.parathion 0.102 std 166036™* 13-Dec-97
m.paraoxon 0.095 std 92915
m.parathion 0.511 std 917781
m.paraoxon 0.476 std 527537
Initial Clover 19aug97 58989ck 0.1 f1 check 177539 106.9280156 1.00
Initial Clover 19aug97 58989ck 0.1 f2 check 95945 103.261045 1.00
Initial Clover 19aug97 58989ck 0.5 M1 check 1037400 113.0335015 1.16
Initial Clover 19aug97 58989ck 0.5 f2 check 622678 118.0349435 1.16
Dead Bees 21T21aug97 591321 clover 539739 1.00 0.332
Dead Bees 23 21aug97 59133 f1 clover 276116 1.04 0.163
Dead Bees 24T21aug97 59134 11 clover 752653 1.00 0.462
Dead Bees 26 21aug87 59135 f1 clover 211107 0.99 0.131
Dead Bees 27 21aug37 59136 11 clover 91279 1.02 0.055
Dead Bees 49T21aug87 591371 clover 653409 0.89 0.451
Dead Bees 52 21aug97 59138 f1 clover 36620 2.57 0.009
Dead Bees 3 21aug97 59139 f1 clover 32485 0.38 0.053
Dead Bees 4T21aug97 59140 f1 clover 312209 0.89 0.194
Dead Bees 14 21aug97 59142 1 clover 514347 1.01 0.313
Dead Bees 30 21aug97 59145 f1 clover 240283 1.00 0.148
Dead Bees 41 21aug97 59146 f1 clover 206283 1.01 0.125
Dead Bees 43 21aug97 59147 M clover 231856 1.14 0.125
Dead Bees 45 21aug97 59148 f1 clover 155423 1.01 0.095
Dead Bees 50 21aug97 59150 f1 clover 191785 0.96 0.123
|Final Clover 21aug97 58990 f1 clover | 29355085 1.25 14.427
m.parathion 0.102 std 172860 **A
m.paraoxon 0.095 std 86479
m.parathion 0.511 std 946405
m.paraoxon 0.476 std 502369
Dead Bees 21T21aug97 59132 f2 clover ['] 1.00 0.000
Dead Bees 23 21aug97 59133 f2 clover 0 1.04 0.000
Dead Bees 24T21aug97 59134 2 clover 0 1.00 0.000
Dead Bees 26 21aug97 59135 2 clover 0 0.99 0.000
Dead Bees 27 21aug97 59136 f2 clover 0 1.02 0.000
Dead Bees 49T21aug97 59137 f2 clover 0 0.89 0.000
Dead Bees 52 21aug97 59138 12 clover 0 2.57 0.000
Dead Bees 3 21aug97 59139 12 clover 0 0.38 0.000
Dead Bees 4T21aug97 59140 f2 clover 0 0.99 0.000
Dead Bees 14 21aug97 59142 12 clover 0 1.01 0.000
clover batch 2
sample ID lab ID m. parathion | m. p m. parathion | m. p ple wt.| conc. | date of
p I % recovery | % re Y (a) ug/g* | analysis
Dead Bees 30 21aug97 59145 2 clover 0
Dead Bees 41 21aug97 59146 12 clover 0 :g? ggg Dot
Dead Bees 43 21aug97 59147 12 clover 0 1.14 0.000
Dead Bees 45 21aug97 59148 12 clover 0 .01 ] 0.000
Dead Bees 50 21aug97 59150 f2 clover 0 0:96 utaoa
m.parathion 0.102 std 157577
m.paraoxon 0.095 std 79431
m.parathion 0.511 std 875782
m.paraoxon 0.476 sid 460280
* Cunknown™ (Runknown/Retandars " Catangart)/Sample wi. o
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Pollen

sample ID lab ID P m. parathi m. paraoxon | m. parathion sample | conc. |date of
type p p % Yy ry | wt.(g) |ug/g*|analysis
m.parathion 0.102 std 114117 **
m.paraoxon 0.0953 std 51975
m.parathion 1.02 sid 1535165
m.p 0.953 sid 713848
m.p ion 1.02 sid 1511828
m.paraoxon 0.953 std 687243
blank spike 0.102 f1 | blank spike 33312 101.15
blank spike 0.102 2 | blank spike 82118
Pollen 20aug97 4T 58991 f1 pollen 60725 1.00 [0.274
Pollen 20aug97 4T 58901 f2 pollen 246069 1.00
Pollen 20aug97 10T 58993 f1 pollen 100577 0.8 |0.429
Pollen 20aug97 10T 58993 12 pollen 369472 0.98
Pollen 20aug97 21T 58994 f1 pollen 174230 1.01 | 0.960
|Pollen 20aug97 21T 58994 2 pollen 910500 1.01
Pollen 20aug97 24T 58996 f1 pollen 508484 1.00 |1.842
Pollen 20aug97 24T 58996 f2 pollen 1551934 1.00
Pollen 20aug97 25T 58997 f1 pollen 105636 1.00 | 0.744
Pollen 20aug97 25T 58997 12 polien 726244 1.00
Pollen 20aug97 45T 58998 f1 pollen 1.00 |0.833
Pollen 20aug97 45T 58998 f2 pollen 932156 1.00
Pollen 20aug97 49T 59000 f1 pollen 192503 1.00 |0.631
Pollen 20aug97 49T 59000 f2 pollen 513284 1.00
Pollen 21aug97 4T 59001 f1 pollen 1453602 1.00 |2.205
Pollen 21aug97 4T 59001 f2 pollen 1013452 1.00
Pollen 21aug97 10T 59003 f1 pollen 0.32 | 0.467
Pollen 21aug97 10T 59003 12 pollen 167201 0.32
Pollen 21aug97 21T 59004 M1 pollen 62419 1.01 [0.342
Pollen 21aug97 21T 59004 f2 pollen 324480 1.01
Pollen 21aug97 24T 59006 f1 pollen 1169068 1.01 | 1.161
Pollen 21aug97 24T 59006 f2 pollen 143300 1.01
Pollen 21aug97 25T 59007 f1 pollen 1.01 |0.381
Pollen 21aug97 25T 59007 12 pollen 430154 1.01
|Pollen 21aug97 45T 59008 f1 polien 69817 1.01 [0.930
Pollen 21aug97 45T 59008 f2 polien 981524 1.01
Pollen 21aug97 46T 59009 f1 pollen 1.01 |0.309
Pallen 21aug97 46T 59009 f2 pollen 349719 1.01
Pollen 21aug97 49T 59010 f1 pollen 11360 1.00 |0.167
Pollen 21aug97 49T 58010 f1 pollen 175412 1.00
Dead Bees 21aug97 25TB 59144 bees 1107253 0.66 |1.500
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APPENDIX B SAS OUTPUT FOR: MANUSCRIPT 1 - DEAD BEE COUNTS

The GLM Procedure

Class Level Information

Class Levels Values
Site 5 Clayton Clemsonl Clemson2 Clemson3 Edneyvil
Pollentrap 2 NO YES
Colony 12 12345678910 11 12
Number of observations 50
The SAS System 10:07 Friday, October 11,
2002 23
The GLM Procedure
Dependent Variable: DeadbeespDay
Sum of
Source DF Squares Mean Square F Value Pr
F
Model 9 4941595.486 549066.165 21.74
<.0001
Error 40 1010052.556 25251.314
Corrected Total 49 5951648.042
R-Square Coeff Var Root MSE DeadbeespDay Mean
0.830290 49.00644 158.9066 324.2566
Source DF Type I SS Mean Square F Value Pr
F
Site 4 4776083.878 1194020.970 47.29
<.0001
Pollentrap 1 46521.650 46521.650 1.84
0.1823
Site*Pollentrap 4 118989.957 29747.489 1.18
0.3351
Source DF Type III SS Mean Square F Value Pr
F
Site 4 4776083.878 1194020.970 47.29
<.0001
Pollentrap 1 35243.319 35243.319 1.40
0.2444
Site*Pollentrap 4 118989.957 29747.489 1.18
0.3351
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The GLM Procedure

Dependent Variable: sqgdeadbees

Source

Model

<.0001

Error

Corrected Total

R-Square

0.857478

Source

Site
<.0001

Pollentrap
0.4176

Site*Pollentrap
0.3085

Source

Site
<.0001

Pollentrap
0.5415

Site*Pollentrap
0.3085

2002 25

Source

Site

Pollentrap
Site*Pollentrap

2002 26

Level of

Pollentrap N
Dev

NO 25
11.1383635

YES 25
9.5562155

Sum of
DF Squares Mean Square F Value Pr >
9 4443.119606 493.679956 26.74
40 738.494138 18.462353
49 5181.613743
Coeff Var Root MSE sgdeadbees Mean
28.92790 4.296784 14.85343
DF Type I SS Mean Square F Value Pr >
4 4338.974592 1084.743648 58.75
1 12.388268 12.388268 0.67
4 91.756746 22.939187 1.24
DF Type III SS Mean Square F Value Pr >
4 4338.974592 1084.743648 58.75
1 7.002106 7.002106 0.38
4 91.756746 22.939187 1.24
The SAS System 10:07 Friday, October 11,

The GLM Procedure
Type III Expected Mean Square
Var (Error)
Var (Error)

Var (Error)
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+ 4.98 Var (Site*Pollentrap)

+ 4.918 Var (Site*Pollentrap)

+ 9.96 Var (Site)

+ Q(Pollentrap)

+ 4.98 Var (Site*Pollentrap)

The SAS System 10:07 Friday, October 11,
The GLM Procedure
————— DeadbeespDay-—------- --—--------sgdeadbees-------
Mean Std Dev Mean Std
354.759600 380.611933 15.3511884
293.753600 318.090379 14.3556677



Level of Level of ———m=-==——- DeadbeespDay-------- = ———————-—-—— sgdeadbees-

Site Pollentrap N Mean Std Dev Mean
Std Dev

Clayton NO 4 28.415000 24.416380 5.0059723
2.11510165

Clayton YES 4 82.082500 112.048102 7.7682789
5.38347383

Clemsonl NO 5 34.504000 9.598014 5.8306546
0.79645027

Clemsonl YES 5 49.328000 21.357846 6.8797814
1.57979721

Clemson2 NO 5 53.532000 41.652979 6.8543806
2.86126413

Clemson2 YES 5 56.368000 32.953712 7.1767189
2.46543772

Clemson3 NO 5 766.152000 227.202821 27.3849561
4.50224666

Clemson3 YES 5 560.128000 263.790835 22.7372354
7.34388594

Edneyvil NO 6 747.398333 139.619448 27.2343106
2.61319521

Edneyvil YES 6 614.398333 273.798502 23.9749832
6.89334580

The SAS System 10:07 Friday, October 11,

2002 27

The GLM Procedure
Least Squares Means

DeadbeespDay sgdeadbees
Site Pollentrap LSMEAN LSMEAN
Clayton NO 28.415000 5.0059723
Clayton YES 82.082500 7.7682789
Clemsonl NO 34.504000 5.8306546
Clemsonl YES 49.328000 6.8797814
Clemson2 NO 53.532000 6.8543806
Clemson2 YES 56.368000 7.1767189
Clemson3 NO 766.152000 27.3849561
Clemson3 YES 560.128000 22.7372354
Edneyvil NO 747.398333 27.2343106
Edneyvil YES 614.398333 23.9749832
The SAS System 10:07 Friday, October 11,
2002 28
The GLM Procedure
Least Squares Means
Site*Pollentrap Effect Sliced by Site for DeadbeespDay
Sum of
Site DF Squares Mean Square F Value Pr > F
Clayton 1 5760.401112 5760.401112 0.23 0.6355
Clemsonl 1 549.377440 549.377440 0.02 0.8835
Clemson?2 1 20.107240 20.107240 0.00 0.9776
Clemson3 1 106115 106115 4.20 0.0470
Edneyvil 1 53067 53067 2.10 0.1549
The SAS System 10:07 Friday, October 11,
2002 29
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The GLM Procedure
Least Squares Means

Site*Pollentrap Effect Sliced by Site for sgdeadbees

Sum of
Site DF Squares Mean Square F Value Pr > F
Clayton 1 15.260675 15.260675 0.83 0.3687
Clemsonl 1 2.751668 2.751668 0.15 0.7015
Clemson2 1 0.259755 0.259755 0.01 0.9062
Clemson3 1 54.003270 54.003270 2.93 0.0950
Edneyvil 1 31.869646 31.869646 1.73 0.1964

SAS OUTPUT FOR: MANUSCRIPT 1 - PESTICIDE ANALYSIS - HENDERSON COUNTY 1997 STUDY

The GLM Procedure

Class Level Information

Class Levels Values
PollenTrap 2 NO YES
Colony 20 345 10 14 21 22 23 24 25 26 27 30 41 43 45 46 49 50 52
Date 3 18 20 21
Number of observations 60

NOTE: All dependent variables are consistent with respect to the presence or absence of
missing
values. However only 37 observations can be used in this analysis.
The SAS System 10:07 Friday, October 11,
2002 69

The GLM Procedure

Dependent Variable: pestindead

Sum of
Source DF Squares Mean Square F Value Pr >
F
Model 21 7.54949672 0.35949984 2.28
0.0532
Error 15 2.36508053 0.15767204
Corrected Total 36 9.91457724
R-Square Coeff Var Root MSE pestindead Mean
0.761454 96.02573 0.397079 0.413514
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Source DF

0.3154

0.3480

0.0002

0.4275

0.2676

0.5414

0.0002

0.4275

PollenTrap
Colony (PollenTrap)

Date

PollenTrap*Date

Source

PollenTrap
Colony (PollenTrap)
Date

PollenTrap*Date

The GLM Procedure

Dependent Variable: logdead

0.0155

0.0681

0.2924

<.0001

0.1418

Source

Model

Error

Corrected Total

R-Square

0.810255

Source

PollenTrap
Colony (PollenTrap)
Date

PollenTrap*Date

Type I SS

1 0.17011030
18 3.48228744
1 3.79223603
1 0.10486294
DF Type III SS
1 0.20901491
18 2.71435770
1 3.85353753
1 0.10486294
Sum of

DF Squares
21 18.80153586
15 4.40293846
36 23.20447432
Coeff Var Roo
-61.41015 0.5
DF Type I SS
1 1.13433781
18 7.01559983
1 9.94565398
1 0.70594424
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Mean Square F Value Pr > F
0.17011030 1.08
0.19346041 1.23
3.79223603 24.05
0.10486294 0.67

Mean Square F Value Pr
0.20901491 1.33
0.15079765 0.96
3.85353753 24.44
0.10486294 0.67

Mean Square F Value Pr
0.89531123 3.05
0.29352923

t MSE logdead Mean

41783 -0.882237

Mean Square F Value Pr
1.13433781 3.86
0.38975555 1.33
9.94565398 33.88
0.70594424 2.41



Source DF Type III SS Mean Square
F

PollenTrap 1 1.07668488 1.07668488
0.0747

Colony (PollenTrap) 18 5.27420839 0.29301158
0.5074

Date 1 10.22487599 10.22487599
<.0001

PollenTrap*Date 1 0.70594424 0.70594424
0.1418

The GLM Procedure

Source Type III Expected Mean Square
PollenTrap Var (Error) + 1.7383 Var (Colony(PollenTrap)) +
Q(PollenTrap, PollenTrap*Date)
Colony (PollenTrap) Var (Error) + 1.8333 Var (Colony(PollenTrap))
Date Var (Error) + Q(Date,PollenTrap*Date)
PollenTrap*Date Var (Error) + Q(PollenTrap*Date)

The GLM Procedure

Tests of Hypotheses for Mixed Model Analysis

Dependent Variable: pestindead

Source DF Type III SS
> F
* PollenTrap 1 0.209015
0.2534
Error 20.039 3.028936

Mean Square

0.209015

0.151154

Error: 0.9481*MS (Colony(PollenTrap)) + 0.0519*MS (Error)

* This test assumes one or more other fixed effects

Source DF Type III SS
> F
Colony (PollenTrap) 18 2.714358
0.5414
* Date 1 3.853538
0.0002
PollenTrap*Date 1 0.104863
0.4275
Error: MS(Error) 15 2.365081

* This test assumes one or more other fixed effects
The SAS System
2002 73
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are zero.

Mean Square

0.150798
3.853538

0.104863

0.157672

are zero.

F Value Pr >

of Variance

F Value Pr

F Value Pr

24.44

10:07 Friday, October 11,



The GLM Procedure

Tests of Hypotheses for Mixed Model Analysis

of Variance

Dependent Variable: logdead
Source DF Type III SS Mean Square F Value Pr
> F
* PollenTrap 1 1.076685 1.076685 3.67
0.0697
Error 19.954 5.847401 0.293038
Error: 0.9481*MS (Colony(PollenTrap)) + 0.0519*MS (Error)
* This test assumes one or more other fixed effects are zero.
Source DF Type III SS Mean Square F Value Pr
> F
Colony (PollenTrap) 18 5.274208 0.293012 1.00
0.5074
* Date 1 10.224876 10.224876 34.83
<.0001
PollenTrap*Date 1 0.705944 0.705944 2.41
0.1418
Error: MS(Error) 15 4.402938 0.293529
* This test assumes one or more other fixed effects are zero.
The SAS System 10:07 Friday, October 11,
2002 74
Level of Level of = -—-m-———-- pestindead--------- = -—-—---—-——- logdead-----
PollenTrap Date N Mean Std Dev Mean
Std Dev
NO 20 8 0.03062500 0.03095590 -1.84394393
0.69369995
NO 21 9 0.89277778 0.65119309 -0.38611689
0.79919835
YES 20 10 0.07560000 0.02177766 -1.13262761
0.12971552
YES 21 10 0.62640000 0.43154019 -0.30899058
0.34114683
The SAS System 10:07 Friday, October 11,
2002 75
———————————————————————————————————————————— Date=21 --—--—=-——--—-——————————————————————
The TTEST Procedure
Statistics
Lower CL Upper CL Lower CL Upper CL
Variable PollenTrap N Mean Mean Mean Std Dev Std Dev std Dev
Std Err
pestinhive NO 9 0.0306 0.058 0.0854 0.0241 0.0356 0.0683
0.0119
pestinhive YES 11 0.0201 0.0347 0.0494 0.0152 0.0218 0.0383
0.0066
pestinhive Diff (1-2) -0.004 0.0233 0.0505 0.0218 0.0288 0.0426
0.0129
pestindead NO 9 0.3922 0.8928 1.3933 0.4399 0.6512 1.2475
0.2171
pestindead YES 10 0.3177 0.6264 0.9351 0.2968 0.4315 0.7878
0.1365
pestindead Diff (1-2) -0.263 0.2664 0.7957 0.4097 0.546 0.8186
0.2509

106



The CORR Proc

Variable
Maximum

pestinpollen
2.20500

pestinhive
0.12800

pestindead
1.51600

T-Tests

Variable Method Variances DF
pestinhive Pooled Equal 18
pestinhive Satterthwaite Unequal 12.7
pestindead Pooled Equal 17
pestindead Satterthwaite Unequal 13.7
Equality of Variances
Variable Method Num DF Den DF
pestinhive Folded F 8 10
pestindead Folded F 8 9

edure

3 Variables:

15
38

37

pestinpollen

pestinhive

pestindead

t Value Pr >
1.80 0
1.71 0
1.06 0
1.04 0
F Value Pr > F
2.67 0.1477
2.28 0.2420

It

.0889
.1109
.3032
.3169

pestinpollen pestinhive pestindead
Simple Statistics
Mean Std Dev Sum Minimum
0.77833 0.58619 11.67500 0.16700
0.02561 0.03071 0.97300 0
0.41351 0.52479 15.30000 0
Pearson Correlation Coefficients
Prob > |r| under HO: Rho=0
Number of Observations
pestinpollen pestinhive pestindead
1.00000 -0.53185 0.04847
0.1749 0.8693
15 8 14
-0.53185 1.00000 0.26481
0.1749 0.2733
8 38 19
0.04847 0.26481 1.00000
0.8693 0.2733
14 19 37
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SAS OUTPUT FOR: MANUSCRIPT 1 - PESTICIDE ANALYSIS - CLEMSON 1999 STUDY

Colony Date

Pollen
Obs Trap
logpollen
1 YES 1
2 YES 2
3 YES 3
4 NO 4
5 NO 5
6 NO 6
7 YES 7
-7.32569
8 YES 8
9 NO 9
10 NO 10
11 YES 1
-6.30402
12 YES 2
-6.72072
13 YES 3
-7.20982
14 NO 4
15 NO 5
16 NO 6
17 YES 7
-7.20347
18 YES 8
-7.37238
19 NO 9
20 NO 10
21 YES 1
22 YES 2
23 YES 3
24 NO 4
25 NO 5
26 NO 6
217 YES 7
28 YES 8
29 NO 9
30 NO 10
31 YES 1
-6.97062
32 YES 2
-6.66878

10

10

pestinpollen

.000000047

0

.000000497

.000000190

.000000062

.000000063

.000000042

.000000107

.000000214

Pestindead pestinclover

.000000229
.000000178
.000000269
.000000138
.000000632
.000000226
.000001007
.000001291
.000000170

.000000196

.000000130

.000000099
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8

7212E-9

.7212E-9

.7212E-9

.7212E-9

.7212E-9

.7212E-9

.7212E-9

.7212E-9

.7212E-9

.7212E-9

.0677E-8

.0677E-8

.0677E-8

.0677E-8

.0677E-8

.0677E-8

.0677E-8

.0677E-8

.0677E-8

2

2.

2.

2

0677E-8

.918E-8

918E-8

.918E-8

.918E-8

.918E-8

.918E-8

.918E-8

.918E-8

918E-8

.918E-8

2.7472E-8

2.7472E-8

logdead

-6.64029

-6.74922

-6.57026

-6.86099

-6.19940

-6.64619

-5.99688

-5.88916

-6.77009

-6.70784

-6.88545

-7.00347

logclover

=7

=7.

.05942

.05942

.05942

.05942

.05942

.05942

.05942

.05942

.05942

.05942

.68452

.68452

.68452

.68452

.68452

.68452

.68452

.68452

.68452

.68452

.53492

.53492

.53492

.53492

.53492

.53492

.53492

.53492

.53492

.53492

.56111

56111



33 YES 3 10 .000000192 .000000141 2.7472E-8 -6.84996 -7.56111

-6.71659
34 NO 4 10 . .000000101 2.7472E-8 -6.99403 -7.56111
35 NO 5 10 . .000000167 2.7472E-8 -6.77759 -7.56111
36 NO 6 10 . .000000133 2.7472E-8 -6.87497 -7.56111
37 YES 7 10 .000000329 .000000146 2.7472E-8 -6.83433 -7.56111
-6.48286
38 YES 8 10 .000000070 .000000085 2.7472E-8 -7.07135 -7.56111
-7.15747
39 NO 9 10 . .000000037 2.7472E-8 -7.43103 -7.56111
40 NO 10 10 . .000000174 2.7472E-8 -6.75998 -7.56111
41 YES 1 13 .000000024 .000000103 2.362E-8 -6.98862 -7.62672
-7.62839
The SAS System 10:07 Friday, October 11,
2002 166
Pollen

Obs Trap Colony Date pestinpollen Pestindead pestinclover logdead 1logclover
logpollen

42 YES 2 13 3.5975E-8 .000000101 2.362E-8 -6.99481 -7.62672
-7.44400
43 YES 3 13 4.9875E-8 .000000125 2.362E-8 -6.90371 -7.62672
-7.30212
44 NO 4 13 . .000000096 2.362E-8 -7.01680 -7.62672
45 NO 5 13 . .000000109 2.362E-8 -6.96251 -7.62672
46 NO 6 13 . .000000132 2.362E-8 -6.88033 -7.62672
47 YES 7 13 2.9071E-8 .000000068 2.362E-8 -7.16605 -7.62672
-7.53654
48 YES 8 13 7.0769E-8 .000000110 2.362E-8 -6.95712 -7.62672
-7.15016
49 NO 9 13 . .000000126 2.362E-8 -6.89993 -7.62672
50 NO 10 13 . .000000121 2.362E-8 -6.91686 -7.62672
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The GLM Procedure

Class Level Information

Class Levels Values
PollenTrap 2 NO YES
Colony 10 1234506782910
Date 5 78 9 10 13
Number of observations 50

NOTE: All dependent variables are consistent with respect to the presence or absence of

missing
values. However only 30 observations can be used in this analysis.
The SAS System 10:07 Friday, October 11,
2002 168

The GLM Procedure

Dependent Variable: Pestindead

Sum of

Source DF Squares Mean Square F Value Pr >
F

Model 13 1.346707E-12 1.035928E-13 1.97
0.0999

Error 16 8.417581E-13 5.260988E-14

Corrected Total 29 2.188465E-12

R-Square Coeff Var Root MSE Pestindead Mean
0.615366 103.6171 2.29368E-7 2.21362E-7

Source DF Type I SS Mean Square F Value Pr >
F

PollenTrap 1 7.758871E-14 7.758871E-14 1.47
0.2422

Colony (PollenTrap) 8 4.100604E-13 5.125755E-14 0.97
0.4891

Date 2 6.759094E-13 3.379547E-13 6.42
0.0090

PollenTrap*Date 2 1.831481E-13 9.157407E-14 1.74
0.2070

Source DF Type III SS Mean Square F Value Pr >
F

PollenTrap 1 7.758871E-14 7.758871E-14 1.47
0.2422

Colony (PollenTrap) 8 4.100604E-13 5.125755E-14 0.97
0.4891

Date 2 6.759094E-13 3.379547E-13 6.42
0.0090

PollenTrap*Date 2 1.831481E-13 9.157407E-14 1.74
0.2070
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The GLM Procedure

Dependent Variable: logdead

0.0227

0.3571

0.4545

0.0004

0.2812

0.3571

0.4545

0.0004

0.2812

Source

Model

Error

Corrected Total

R-Square

0.703228

Source

PollenTrap
Colony (PollenTrap)
Date

PollenTrap*Date

Source

PollenTrap
Colony (PollenTrap)
Date

PollenTrap*Date

Sum of
DF Squares
13 2.01665639
16 0.85105661
29 2.86771300
Coeff Var
-3.388336
DF Type I SS
1 0.04783000
8 0.43780952
2 1.38476047
2 0.14625640
DF Type III SS
1 0.04783000
8 0.43780952
2 1.38476047
2 0.14625640
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Root MSE

0.230632

Mean Square F Value

0.15512741 2.92

0.05319104

logdead Mean

-6.806640

Mean Square F Value
0.04783000 0.90
0.05472619 1.03
0.69238023 13.02
0.07312820 1.37

Mean Square F Value
0.04783000 0.90
0.05472619 1.03
0.69238023 13.02
0.07312820 1.37

Pr

Pr

Pr



The GLM Procedure

Source Type III Expected Mean Square

PollenTrap Var (Error) + 3 Var (Colony(PollenTrap))

Q(PollenTrap, PollenTrap*Date)

Colony (PollenTrap) Var (Error) + 3 Var (Colony(PollenTrap))
Date Var (Error) + Q(Date,PollenTrap*Date)
PollenTrap*Date Var (Error) + Q(PollenTrap*Date)

The SAS System
2002 171

10:07 Friday,

The GLM Procedure
Tests of Hypotheses for Mixed Model Analysis of Variance

Dependent Variable: Pestindead

Source DF Type III SS
> F
* PollenTrap 1 7.758871E-14
0.2535
Error 8 4.100604E-13

Error: MS(Colony(PollenTrap))
* This test assumes one or more other fixed effects

Source DF Type III SS
> F
Colony (PollenTrap) 8 4.100604E-13
0.4891
* Date 2 6.759094E-13
0.0090
PollenTrap*Date 2 1.831481E-13
0.2070
Error: MS(Error) 16 8.417581E-13

* This test assumes one or more other fixed effects
The SAS System
2002 172

Mean

+

Square

7.758871E-14

5.125755E-14

are zero.

Mean

Square

5.125755E-14

3.379547E-13

9.157407E-14

5.260988E-14

are zero.

10:07 Friday,

The GLM Procedure
Tests of Hypotheses for Mixed Model Analysis

Dependent Variable: logdead

Source DF Type III SS
> F
* PollenTrap 1 0.047830
0.3772
Error 8 0.437810

Error: MS(Colony(PollenTrap))
* This test assumes one or more other fixed effects

Source DF Type III SS
> F
Colony (PollenTrap) 8 0.437810
0.4545
* Date 2 1.384760
0.0004
PollenTrap*Date 2 0.146256
0.2812
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Mean

are zero.

Mean

F Value

F Value

of Variance

Square

.047830

.054726

Square

.054726

.692380

.073128

F Value

F Value

October 11,

Pr

Pr

October 11,

Pr

Pr



Error:

2002 173

Level of
PollenTrap
Std Dev

NO
0.25714056
NO
0.27534642
NO
0.05476247
YES
0.39603887
YES
0.10357940
YES
0.09851501

2002 174

2002 175

2002 176

MS (Error)
* This test assumes one or more other fixed effects are zero.
The SAS System

Level of
Date N
8 5
10 5
13 5
8 5
10 5
13 5
Pollen
Trap
NO
NO
NO
YES
YES
YES

Date

10
13

Date

10
13

16

0.851057

—————————— Pestindead---------
Mean Std Dev
2.722294E-07 2.036365E-07
1.224968E-07 5.581997E-08
1.167918E-07 1.422193E-08
5.948052E-07 5.167255E-07
1.203893E-07 2.702970E-08
1.014571E-07 2.080502E-08
The SAS System

Least Squares Means

Pestindead
Date LSMEAN
8 2.722294E-7 -6.
10 1.2249684E-7 -6.
13 1.167918E-7 -6.
8 5.948052E-7 -6.
10 1.2038926E-7 -6.
13 1.0145708E-7 =7.

The SAS System

Least Squares Means

0.053191

10:07 Friday, October 11,

=7.

10:07 Fri

logdead
LSMEAN

63690244
96751903
93528585
36916142
92891145
00205981
10:07 Fri

——————— logdead---

Mean

.63690244

.96751903

.93528585

.36916142

.92891145

00205981

day, October 11,

day, October 11,

PollenTrap*Date Effect Sliced by Date for Pestindead

DF

=

Sum of
Squares

2.601379E-13
1.110473E-17
5.878841E-16

Mean Square

2.601379E-13

1.1

10473E-17

5.878841E-16
The SAS System

Least Squares Means

F Value

4.94
0.00
0.01
10:07 Fri

Pr > F

0.0409
0.9886
0.9171

day, October 11,

PollenTrap*Date Effect Sliced by Date for logdead

DF

Sum of
Squares

0.179213
0.003726
0.011147

113

Mean Square

0.179213
0.003726
0.011147

F Value

3.37
0.07
0.21

Pr > F

0.0851
0.7946
0.6533



Plot of

logclover*Date.
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Legend: A

9

1 obs, B = 2 obs,

10

Date
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Plot of logpollen*Date. Legend: A = 1 obs, B = 2 obs, etc.
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NOTE: 25 obs had missing values.
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Plot of logdead*Date.

logdead
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Symbol is value of PollenTrap.

9

NOTE: 10 obs had missing values.
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KK =22

o

10
Date

11 obs hidden.
The SAS System
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The CORR Procedure

5 Variables:

Variable
Maximum

pestinpollen
4.96565E-7
pestinclover
2.91798E-8
logpollen
6.30402
logclover
7.53492
logdead
5.88916

logdead

pestinpollen

0.00667

0.9812

15

pestinclover

0.55757

0.0014
30

logpollen
0.00034

0.9991
15

logclover
0.57392

0.0009
30
logdead

1.00000

30

pestinpollen pestinclover logpollen logclover logdead
Simple Statistics
N Mean Std Dev Sum Minimum
20 1.01097E-7 1.27247E-7 2.02195E-6 0
50 2.19339E-8 7.31466E-9 1.0967E-6 8.72123E-9
16 -7.07460 0.38990 -113.19363 -7.62839
50 -7.69334 0.19226 -384.66692 -8.05942
30 -6.80664 0.31446 -204.19920 -7.43103
Pearson Correlation Coefficients
Prob > |r| under HO: Rho=0
Number of Observations
pestinpollen pestinclover logpollen logclover
1.00000 0.42380 0.92618 0.42680
0.0626 <.0001 0.0606
20 20 16 20
0.42380 1.00000 0.26819 0.98949
0.0626 0.3152 <.0001
20 50 16 50
0.92618 0.26819 1.00000 0.23730
<.0001 0.3152 0.3762
16 16 16 16
0.42680 0.98949 0.23730 1.00000
0.0606 <.0001 0.3762
20 50 16 50
-0.00667 -0.55757 0.00034 -0.57392
0.9812 0.0014 0.9991 0.0009
15 30 15 30
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SAS OUTPUT FOR: MANUSCRIPT 2 - MITE SAMPLES, 1999 STUDY

Obs  Trt Infestation Colony totalmites Mitesper Bee

1 Pollentr High E11l 4200 0.268

2 Pollentr High E10 895 0.102

3  Pollentr High DC5 4044 0.162

4 Pollentr High R9 2545 0.141

5 Pollentr Low E13 1602 0.162

6 Pollentr Low DCR3 143 0.096

7  Pollentr Low DCS5 49 0.080

8 Pollentr Low DCS2 1213 0.098

9 Apistan High N3 4001 0.033
10 Apistan High R7 4766 0.000
11 Apistan High E2 1653 0.000
12 Apistan High DC2 853 0.000
13 Apistan Low F5 991 0.000
14 Apistan Low DCR1 2273 0.013
15 Apistan Low F1 2241 0.000
16  Apistan Low DCR4 1213 0.000

The GLM Procedure

Class Level Information

Class Levels Values
Trt 2 Apistan Pollentr
Infestation 2 High Low

Number of observations 16
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The GLM Procedure

Dependent Variable: totalmites

Sum of
Source DF Squares Mean Square FValue Pr>F
Model 3 12685419.25  4228473.08 2.45 0.1139
Error 12 20714954.50 1726246.21
Corrected Total 15 33400373.75

R-Square  Coeff Var Root MSE  totalmites Mean

0.379799 64.32247 1313.867 2042.625
Source DF TypeISS Mean Square FValue Pr>F
Trt 1 680625.00 680625.00 0.39 0.5418
Infestation 1 10942864.00 10942864.00 6.34 0.0270
Trt*Infestation 1 1061930.25 1061930.25 0.62 0.4481
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Source DF TypelllSS Mean Square FValue Pr>F

Trt 1 680625.00 680625.00 0.39 0.5418
Infestation 1 10942864.00 10942864.00 6.34 0.0270
Trt*Infestation 1 1061930.25 1061930.25 0.62 0.4481

The GLM Procedure

Dependent Variable: sqtotal

Sum of
Source DF Squares  Mean Square F Value Pr>F
Model 3 2091.960039  697.320013 2.92 0.0774
Error 12 2863.440314  238.620026
Corrected Total 15  4955.400353

R-Square  Coeff Var Root MSE  sqgtotal Mean

0.422158  37.10779 15.44733 41.62827

Source DF TypeISS Mean Square FValue Pr>F
Trt 1 231.805459  231.805459 0.97 0.3438
Infestation 1 1516.760820 1516.760820 6.36 0.0269
Trt*Infestation 1 343.393760 343.393760 1.44 0.2534
Source DF TypelllSS Mean Square FValue Pr>F
Trt 1 231.805459  231.805459 0.97 0.3438
Infestation 1 1516.760820 1516.760820 6.36 0.0269
Trt*Infestation 1 343.393760 343.393760 1.44 0.2534
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The GLM Procedure

Level of ~  -mememeee- totalmites sqtotal
Trt N Mean Std Dev Mean Std Dev

Apistan 8 2248.87500 1432.54643 45.4345551 14.5239194
Pollentr 8 1836.37500 1619.27779 37.8219757 21.5372940

Level of = e totalmites sqtotal

Infestation N Mean Std Dev Mean Std Dev

High 8 2869.62500 1584.60360 51.3646688 16.2584765
Low 8 1215.62500 835.01325 31.8918620 15.0630727
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The GLM Procedure
Least Squares Means

totalmites LSMEAN

Trt Infestation LSMEAN Number
Apistan  High 2818.25000 1
Apistan  Low 1679.50000 2
Pollentr  High 2921.00000 3
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Pollentr Low 751.75000 4

Least Squares Means for effect Trt*Infestation
Pr > |t| for HO: LSMean(i)=LSMean(j)

Dependent Variable: totalmites

i/j 1 2 3 4
1 0.2438 0.9138 0.0461
2 0.2438 0.2062 0.3377
3 0.9138 0.2062 0.0377
4 0.0461 0.3377 0.0377

sqtotal LSMEAN

Trt Infestation LSMEAN Number
Apistan  High 50.5382368 1
Apistan  Low 40.3308733 2
Pollentr  High 52.1911007 3
Pollentr Low 23.4528506 4
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The GLM Procedure
Least Squares Means

Least Squares Means for effect Trt*Infestation
Pr > |t| for HO: LSMean(i)=LSMean(j)

Dependent Variable: sqtotal

i/j 1 2 3 4
1 0.3685 0.8822 0.0290
2 0.3685 0.2989 0.1483
3 0.8822 0.2989 0.0219
4 0.0290 0.1483 0.0219

NOTE: To ensure overall protection level, only probabilities associated with pre-planned
comparisons should be used.
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The GLM Procedure
Least Squares Means

totalmites sqtotal
Trt LSMEAN LSMEAN

Apistan 2248.87500 45.4345551
Pollentr ~ 1836.37500  37.8219757
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The GLM Procedure
Least Squares Means

totalmites sqtotal
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Infestation LSMEAN LSMEAN
High 2869.62500  51.3646688
Low 1215.62500  31.8918620

The GLM Procedure

Class Level Information

Class Levels Values
Trt 2 Apistan Pollentr
Infestation 2 High Low

Number of observations 16

The SAS System
The GLM Procedure

Dependent Variable: MitesperBee
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Sum of

Source DF Squares  Mean Square F Value Pr>F
Model 3 0.07769419  0.02589806 15.54 0.0002
Error 12 0.02000425  0.00166702
Corrected Total 15 0.09769844

R-Square  Coeff Var Root MSE  MitesperBee Mean

0.795245 56.55988  0.040829 0.072188
Source DF TypeISS Mean Square F Value Pr>F
Trt 1 0.07062306  0.07062306  42.36 <.0001
Infestation 1 0.00412806  0.00412806 2.48 0.1416
Trt*Infestation 1 0.00294306  0.00294306 1.77 0.2087
Source DF TypelllSS Mean Square FValue Pr>F
Trt 1 0.07062306  0.07062306  42.36 <.0001
Infestation 1 0.00412806  0.00412806 2.48 0.1416
Trt*Infestation 1 0.00294306  0.00294306 1.77 0.2087
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The GLM Procedure

Dependent Variable: sqmpb

Sum of

Source DF Squares  Mean Square F Value Pr>F
Model 3 0.44385765 0.14795255 27.94 <.0001
Error 12 0.06353864  0.00529489
Corrected Total 15 0.50739629

R-Square  Coeff Var Root MSE  sgmpb Mean

0.874775 36.16876  0.072766  0.201185
Source DF TypeISS Mean Square FValue Pr>F
Trt 1 0.43151762  0.43151762 81.50 <.0001
Infestation 1 0.00876432  0.00876432 1.66 0.2225
Trt*Infestation 1 0.00357571 0.00357571 0.68 0.4272
Source DF TypelllSS Mean Square FValue Pr>F
Trt 1 0.43151762  0.43151762 81.50 <.0001
Infestation 1 0.00876432  0.00876432 1.66 0.2225
Trt*Infestation 1 0.00357571 0.00357571 0.68 0.4272
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Level of Level of
Infestation

Trt

Apistan
Apistan
Pollentr
Pollentr

Variable
Std Err

reldecrs8
0.0184
reldecrs8
2.5944
reldecrs8
2.9187

High
Low

The GLM Procedure

=2

High
Low

EE NN

Mean

0.00825000
0.00325000
0.16825000

0.10900000

MitesperBee

-------- sqmpb
Std Dev Mean Std Dev
0.01650000  0.04541476 0.09082951
0.00650000  0.02850439  0.05700877
0.07099472  0.40376336  0.08346773
0.03623994  0.32705578 0.05208345

SAS OUTPUT FOR: MANUSCRIPT 2 - MITE SAMPLES, 2002 STUDY

Trt

apistan
poltrap

Diff (1-2)

Variable

Lower CL

10

Method

Mean

-1.005

0.0974

-13.12

The TTEST Procedure

Statistics
Upper CL Lower CL Upper CL
Mean Mean Std Dev Std Dev Std Dev
-0.961 -0.918 0.0345 0.0522 0.1062
5.9662 11.835 5.6431 8.2041 14.978
-6.928 -0.74 4.5827 6.1532 9.3647
T-Tests
Variances DF t Value Pr > |t|
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Obs
Mperbeed

O ~Joy Uk W

O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

2002 147

The GLM Procedure

reldecrs8 Pooled
reldecrs8 Satterth
Variable Meth
reldecrs8 Fold
Trt type2
apistan russian
apistan russian
apistan italian
apistan italian
apistan russian
apistan russian
apistan russian
apistan russian
control russian
control italian
control italian
control italian
control italian
control italian
control russian
control russian
control russian
control russian
control russian
control russian
poltrap russian
poltrap russian
poltrap russian
poltrap italian
poltrap russian
poltrap italian
poltrap italian
poltrap italian
poltrap italian
poltrap italian
poltrap russian
Class
Trt
Infestation
type2

waite

Equal
Unequal

Equality of

od

ed F

Num DF

9

The SAS

totalmi

919
1002

52
1821
2030
1859
2454

847
1662
140
137
24
48
201
24
151
14
69

tes

Variances

Den DF

System

Mitesl

505
326

28
664
457

1008
450

The SAS System

7

16 -2.37 0.0305
9 -2.67 0.0256
F Value Pr > F
24717.9 <.0001
16:07 Thursday, October 17,
Mites8 reldecrs8
0 -1.0000 0.00
2 -0.9939 0.01
0 -1.0000 0.00
0 -1.0000 0.00
67 -0.8991 0.00
1 -0.9978 0.00
122 -0.8790 0.16
35 -0.9222 0.04
0.18
0.05
0.04
0.03
0.08
0.11
0.14
0.09
0.02
0.07
0.08
. . 0.05
134 -0.1299 0.10
95 -0.5411 0.19
52 9.4000 0.04
4 -0.9000 0.01
3 . 0.00
22 21.0000 0.01
61 19.3333 0.03
4 3.0000 0.01
46 6.6667 0.05
3 2.0000 0.02
10 -0.1667 0.07

16:07 Thursday,

Class Level Information

Le

Number of observations

vels
3
3

2
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Values

apistan control poltrap

high low med

italian russian

31

October 17,



NOTE: All dependent variables are consistent with respect to the presence or absence of

missing
values.
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Dependent Variable: totalmites

Sum of

Source DF Squares
F

Model 3 8979075.24
0.0003

Error 15 3844270.87

Corrected Total 18 12823346.11

R-Square Coeff Var Root MSE
0.700213 71.47175 506.2457

Source DF Type I SS
F

Trt 1 4322697.503
0.0009

type?2 1 3262209.925
0.0028

Trt*type2 1 1394167.811
0.0340

Source DF Type III SS
F

Trt 1 1096812.735
0.0563

type?2 1 4289718.542
0.0010

Trt*type2 1 1394167.811
0.0340

The SAS System

2002 149

The GLM Procedure

124

However only 19 observations can be used in this analysis.
The SAS System

16:07 Thursday,

Mean Square

2993025.08

256284.72

F Value

11.

totalmites Mean

708

Mean Square

4322697.503
3262209.925

1394167.811

Mean Square

1096812.735
4289718.542

1394167.811

.3158

68

F Value

16.

12.

87

73

F Value

16.

5.

16:07 Thursday,

.28

74

44

October 17,

Pr

Pr

October 17,



The GLM Procedure

Dependent Variable: logtotal
Sum of

Source DF Squares Mean Square F Value Pr
F

Model 3 8.92019403 2.97339801 10.56
0.0006

Error 15 4.22421782 0.28161452

Corrected Total 18 13.14441185

R-Square Coeff Var Root MSE logtotal Mean
0.678630 22.99416 0.530674 2.307862

Source DF Type I SS Mean Square F Value Pr
F

Trt 1 2.00363504 2.00363504 7.11
0.0176

type2 1 4.61799149 4.61799149 16.40
0.0010

Trt*type2 1 2.29856750 2.29856750 8.16
0.0120

Source DF Type III SS Mean Square F Value Pr
F

Trt 1 0.06067884 0.06067884 0.22
0.6492

type2 1 6.23277330 6.23277330 22.13
0.0003

Trt*type2 1 2.29856750 2.29856750 8.16
0.0120

The SAS System 16:07 Thursday, October 17,
2002 150
The GLM Procedure

Level of = —-----—-—- totalmites--------- = -—————-—-——-——- logtotal---------

Trt N Mean Std Dev Mean std
Dev

apistan 8 1267.62500 918.946437 2.68865081
1.00081626

poltrap 11 301.54545 508.862528 2.03092517
0.64259976

Level of = —--------- totalmites--------- = -—-—----—-—-—- logtotal---------

type2 N Mean Std Dev Mean std
Dev

italian 8 78.87500 73.675810 1.64306718
0.58225887

russian 11 1166.09091 855.023094 2.79134963
0.68295341
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The GLM Procedure
Least Squares Means

totalmites LSMEAN
Trt type?2 LSMEAN Number
apistan italian 28.00000 1
apistan russian 1680.83333 2
poltrap italian 95.83333 3
poltrap russian 548.40000 4

Least Squares Means for effect Trt*type2
Pr > |t| for HO: LSMean (i)=LSMean (j)

Dependent Variable: totalmites

i/3 1 2 3 4
1 0.0012 0.8718 0.2381
2 0.0012 <.0001 0.0022
3 0.8718 <.0001 0.1605
4 0.2381 0.0022 0.1605

logtotal LSMEAN
Trt type2 LSMEAN Number
apistan italian 1.15903167 1
apistan russian 3.19852386 2
poltrap italian 1.80441235 3
poltrap russian 2.30274056 4

The GLM Procedure
Least Squares Means

Least Squares Means for effect Trt*type2
Pr > |t| for HO: LSMean (i)=LSMean(j)

Dependent Variable: logtotal

i/3 1 2 3 4
1 0.0003 0.1571 0.0211
2 0.0003 0.0004 0.0138
3 0.1571 0.0004 0.1418
4 0.0211 0.0138 0.1418

NOTE: To ensure overall protection level, only probabilities associated with pre-planned
comparisons should be used.
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The GLM Procedure

Class Level Information

Class Levels Values
Trt 3 apistan control poltrap
Infestation 3 high low med
type?2 2 italian russian
Number of observations 31

Dependent Variables With
Equivalent Missing Value Patterns

Dependent

Pattern Obs Variables
1 18 reldecrs8

2 31 Mperbee4

NOTE: Variables in each group are consistent with respect to the presence or absence of
missing
values.
The SAS System 16:07 Thursday, October 17,
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The GLM Procedure

Dependent Variable: reldecrsS8

Sum of

Source DF Squares Mean Square F Value Pr >
F

Model 2 272.7448872 136.3724436 3.74
0.0480

Error 15 546.3481169 36.4232078

Corrected Total 17 819.0930041

R-Square Coeff Var Root MSE reldecrs8 Mean
0.332984 209.0284 6.035164 2.887246

Source DF Type I SS Mean Square F Value Pr >
F

Trt 1 213.3045298 213.3045298 5.86
0.0287

type?2 1 59.4403574 59.4403574 1.63
0.2209

Source DF Type III SS Mean Square F Value Pr >
F

Trt 1 120.6211571 120.6211571 3.31
0.0888

type2 1 59.4403574 59.4403574 1.63
0.2209
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The GLM Procedure

Level of = —----—--—- reldecrs8----------
Trt N Mean Std Dev
apistan 8 -0.96149546 0.05218270
poltrap 10 5.96624004 8.20412778
Level of  —--mmm———- reldecrs8--—--------
type2 N Mean Std Dev
italian 8 6.13750000 9.05286831
russian 10 0.28704367 3.21952898
The SAS System 16:07 Thursday, October 17,
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The GLM Procedure
Least Squares Means
HO:LSMeanl=
reldecrs8 LSMean2
Trt LSMEAN Pr > |t]|
apistan 0.01450138 0.0888
poltrap 5.57584130
The SAS System 16:07 Thursday, October 17,
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The GLM Procedure

Dependent Variable: Mperbee4

Sum of

Source DF Squares Mean Square F Value Pr >
F

Model 3 0.02567521 0.00855840 3.55
0.0275

Error 27 0.06507963 0.00241036

Corrected Total 30 0.09075484

R-Square Coeff Var Root MSE Mperbeed4 Mean
0.282907 90.59267 0.049095 0.054194

Source DF Type I SS Mean Square F Value Pr >
F

Trt 2 0.01363704 0.00681852 2.83
0.0767

type2 1 0.01203818 0.01203818 4.99
0.0339

Source DF Type III SS Mean Square F Value Pr >
F

Trt 2 0.01640584 0.00820292 3.40
0.0481

type2 1 0.01203818 0.01203818 4.99
0.0339
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The GLM Procedure

Level of
Trt N
apistan 8
control 12
poltrap 11
Level of
type2 N
italian 13
russian 18
2002 159
The GLM Procedure
Trt
apistan
control
poltrap

NOTE:

——————————— Mperbeed----—------—
Mean Std Dev
0.02625000 0.05578978
0.07833333 0.04687184
0.04818182 0.05582440
——————————— Mperbeed-—---—------—
Mean Std Dev
0.03384615 0.03254189
0.06888889 0.06360622

The SAS System

Least Squares Means

Mperbee4d
LSMEAN

0.01598754
0.07491251
0.05004772

16:07 Thursday, October 17,

LSMEAN
Number

N

Least Squares Means for effect Trt

Pr >

i/3

N =

To ensure overall protection level,

comparisons should be used.

It

0.
0.

for HO:

1 2
0.0147

0147
1579 0.2385
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LSMean (i)=LSMean (7)

Dependent Variable: Mperbeed

0.1579
0.2385

only probabilities associated with pre-planned



