Honey Bees and Pesticides

Part Il

Misconceptions and an Economic Analysis Viewpoint
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Part 1 of this series describes the
honey bee/pesticide treadmill on which
we find ourselves, In many areas of
the United States we are no closer
to “solutions” now than we were in
the 1940’s, Only the pesticides have
changed. Part II of this series exposes
our lack of understanding of the honey
bee, pesticide, environmental interac-
tion that has been responsible for our
inability to escape this “treadmill.” In
Part 111 we address several miscon-
ceptions regarding bees and pesticides
that must be dealt with in order for
us to develop workable solutions to
the honey bee/pesticide problem com-
plex. We continue to examine reasons
why pesticide use restrictions have
failed to protect bees, and lastly we
present the basis for the rationale be-
hind an integrated crop management
approach to reducing bee losses.

HERE are several widely held mis-

conceptions that seem to hinder
our ability to develop a solution to the
bee/pesticide problem complex. Some
of these are errors in interpretation of
the facts and cause our cfforts to be
misdirected while others simply guide
us up blind alleys. Three of these de-
serve our particular attention,

Repellents

First the terms attractant and re-
pellent are misunderstood and fre-
quently misused. “In the strictest sense
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the one thing that . . . attractants
have not been shown to do is attract
(i.e. to provide directional clues of
use to an approaching insect orienting
over some distance). The label . . .
attractant masks a whole congregation
of behaviors by the respondent such
as orientation to wind and light.”20
Preferred terms, at least where bees
and flowers are involved, would be
“landmark™ or “odor cue” and these
act in concert with other cues associ-
ated with taste, touch and vision.
Similarly, so called repellents do not
repel; rather they may deter certain
types of activity or depress motor ac-
tivity by repressing or blocking some
part of the sensory system that con-
trols nervous input to muscles. They
commonly confuse bees for a short
time by changing the odor associated
with a reward or activity. However,
bees may soon reorient to the new
odor if a reward remains. In other
cases they may not. Odor cues may
“attract” bees or other insects at one
concentration but “repel” them at an-
other. Hence, while it is convenient

to use the terms attractant and repel-
lent because we seem to lack accept-
able alternative terminology, we must
not misinterpret their real meaning as
we use them.

Honey bees will respond to any
odor “pleasant or unpleasant” as op-
posed to none at all. So, to effectively
use a material as a “bee repellent,”
we need additional information on its
mode of action. Moreover, it must be
tested in a variety of environments
(the action of some compounds that
block sensory receptors, i.c. permeth-
rin, are temperature dependent? as is
release of volatile components in in-
secticides and flower odors), Finally,
we must ascertain the relative effec-
tiveness of the chemical in situations
where there is no forage alternative,
The ultimate test is whether or not
the chemical deters the foraging ac-
tivities of sufficient numbers of bees
for a long enough span of time so as
to significantly reduce the hazard to
the colony (the life of most volatiles
is a matter of minutes or hours while
that of pesticides is often a matter of

-

Figure 1. Insecticide opplied to sweet comn.
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days). Many of us have witnessed,
situations wherein fewer bees foraged
(were “repelled™), at least initially,
but a lethal amount of pesticide was
still brought back to the colony.
Perusal of the literature on bees
and pesticides published over the last
40 years reveals that most (if not all)
insecticides have “repelled” bees at
one time or another; paris green, sul-

fur, DDT and other chlorinated in-
secticides, pyrethrin, and other botan-
ical insecticides, pyrethroids (synthetic
botanicals), Sevin®3 and other carba-
mate insecticides and several of the
organophosphate insecticides.?.14,18.26.53
That none of these has consistently
proven to be a reliable “bee repellent”
in a variety of circumstances should
be instructive. Recalling our earlier

discussion of attractant and repellent
concepts one can only conclude that
any foreign substance applied to a
plant (crop) is likely to alter the for-
aging cues of that plant resource for
a period of time. Moreover, some in-
secticides are toxic to plants and
therefore alter plant chemistry and
may thus further affect the plant

(flower) odor spectrum.12

Figure 2. Why do we use insecticides? ([A,B) European ctorn borer damage (C) Cern roolwerm beetles (D) Corn ear worm dam-

aoge. Would you buy this ear of corn?
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Since foraging honey bees rely heav-
ily on odor cues, it is not difiicult to
see how the spraying of a chemical
over a field might temporarily con-
fuse bees. This confusion, the result
of the imposition of an altered or new
odor, might be identified as “repel-
lency” especially when identical plants
are left untreated nearby and the bees
are able to forage there unimpeded.
Moreover, recalling our ecarlier discus-
sion of the effects of differing en-
vironments on all of the interactive
elements mentioned above, it is easy
to see how reliability of response to
a “repellent” might be affected.
Hence, insecticides no doubt deter bee
foraging in some areas, but probably
not consistently or sufficiently to pre-
vent substantial bee losses, particularly
in situations involving extensive acre-
age. To be of significant value, a
foraging deterrent must be totally ef-
fective (or nearly so) over a wide
range of environmental conditions and
have the same residual life in the
field as the poison.

Hence, our concern rests with the
considerable attention now being given
the synthetic pyrethroid insecticide,
permethrin, in regard to its attributes
as a “bee repellent.”! Again, given
expected biological and environmental
variability, permethrin probably does
“repel” bees in some environments or
situations, particularly where there are
forage alternatives. Yet, in other cir-
cumstances it does not. In California
bees avoid permethrin treated alfalfa
fields for up to two weeks (E. Mus-
sen, pers. comm.), but this may be
the result of undesirable chemical
changes in the plant affecting the pro-
duction of floral nectar, pollen, odor
and or seed.l2 In Wisconsin, we have
found that while no repellency and
no immediate acute bee mortality re-
sulted from the use of permethrin,
hazardous residues were carried back
to the hive and persisted there for at
least eight months: Eleven of 12
treated colonies died overwinter (B.
Erickson et al., unpub. data). In Min-
nesota, B. Furgala (pers. comm.) did
not see evidence of “repellency,” and
he observed high initial mortality from
permethrin. In another study, per-
methrin odor or contact repellency
was not evident except at the highest
concentration tested (100,000 ppm).
Yert, in related studies 70% of the bees
died at concentration of 1 ppm.28
Hence, beekeepers should not expect
permethrin to be particularly less haz-
ardous to bees than other insecticides:
Neither should they expect it to he
significantly more hazardous. In the
Midwest at least, we cannot be lulled
into complacency by believing pyre-
throids are a salvation for the bee-
keeping industry. If we are, we may
witness additional devastating winter
losses in certain areas because these
pyrethroids are highly toxic and per-
sistent. Much additional study in di-

verse environments is needed before

sweeping recommendations regarding
pyrethroids as “bee repellents” are
made.

Instant Bee Death From
Parathion Insecticides

A second misconception we have en-
countered is that parathion and per-
haps some other insecticides kill most
or all foraging bees before they are
able to return to the colony. We are
unable to determine how or where this
notion originated but, in most regions
of the United States it has no basis
in fact. As might be expected, slightly
more bees die in the field from faster
acting volatile poisons than from oth-
ers that perform less as fumigants or
kill more slowly. And, given their
greater volatility, even higher immedi-
ate bee mortality may be experienced
in some (particularly hot) climates
(this wvolatility which leads to more
rapid degradation may also be the
reason why they appear less hazard-
ous to bees in some studies). How-
ever, recent research in Texas and
Wisconsin complete with residue ana-
lyses (B. Erickson et al., unpub, data)
clearly demonstrates that, as with all
other insecticides studied, parathion is
carried back to the colony by a sub-
stantial number of bees, that it per-
sists in the hive and that large num-
bers of bees at the hive die from it
In obvious acceptance of the miscon-
ception, pesticide applicators may be
encouraged to mix parathion EC with
other insecticides in the belief that it
will kill foraging bees in the field
and thus minimize or mask bee mor-
tality, The folly of this concept has
heen shown by researchers®19.82 who
have demonstrated the hazard to bees
and to other insects of two insecticides
mixed together may be greater than
the sum of their effect if used sepa-
rately.

Bans on Pesticide Use

The third misconception concerns
the validity of banning selected in-
secticides. From 1892 to 1920, laws
prohibiting the spraying of fruit trees
in bloom were passed in seven states
and two Canadian provinces. These
proved ineffective and unenforce-
able.2s Other previous efforts to ban
insecticides, as pointed out in Part I
of this series, have done little to con-
tribute to a lasting solution — pesti-
cides have been banned in the past
and they have been replaced with new
poisons, but bees are still dying. Ex-
cessive preoccupation with bans on
pesticides is doubly harmful. It di-
rects energy away from identifying
those field situations most responsible
for bee losses and away from achiev-
ing workable and lasting solutions to
the bee/pesticide problem complex
(see also Part I). Moreover, it re-
moves from our grasp a potential in-
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termediate remedy that someone in
a particular environment/circumstance
might find useful. Ideally, a lasting
solution to the problem complex
should significantly reduce the bee
hazard from a wide range of poisons
(including those yet to be developed)
and across a variety of environments.
To meet this objective, we in apicul-
ture need to critically examine where
we should apply our limited time,
energy and resources. There is no
justification for banning the use of
any chemical unless it is shown to
be extraordinarily hazardous to bees
in nonbiased comparative regionalized
field testing. And then the ban should
be regional with additional concern
given for the relative hazard of the
material to be used in place of that
which is banned. Recent attempts
to ban microencapsulated insecticides
present a classic study in the futility
of banning insecticides.

The banning of microencapsulated
insecticides (e.g. Penncap-M®, micro-
encapsulated methyl parathion =
methyl parathion ME) has become a
popular pursuit. As in the past, there
will probably be other pesticides so
targeted in the future. Yet, sooner or
later one has to stop and ask why?
Like all other insecticides studied to
date Penncap-M® is definitely hazard-
ous to bees. And, like many other in-
secticides it is carried back to the
hive where the active ingredient
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(methyl parathion) persists, particu-
larly in the wax and pollen (see Part
IT), but not necessarily as intact pesti-
cide filled capsules. It is argued that
microcapsules, being similar in size to
pollen grains, readily adhere to for-
aging bees and are incorporated into
pollen loads. But so are pesticide par-
ticles from other formulations and
particles of dust and debris that have
been contaminated by pesticides.
Moreover, because of the lipid affin-
ities previously discussed,10.11.15,17.18,
pesticide contaminated pollen grains
are “microcapsules” with varying lev-
els of hazard to bees.

Significant bee losses have been at-
tributed to Penncap-M® as noted by
Barker et al in their review. How-
ever, two facts are rarely pointed out.
First, unless the microcapsules were
seen in the samples analyzed, there
was no reliable method to positively
identify Penncap-M® as the source of
methyl parathion residues until a
chemical method was developed in
1980.13 More often than not no cap-
sules were detected. In these instances
Penncap-M® was assumed to be re-
sponsible rather than the much more
widely used EC formulation of methyl
parathion which is also carried back
to the hive. In a few studies Penn-
cap-M® was the only insecticide ap-
plied so we must assume that it was
the source of methyl parathion. Sec-
ond, there have been few published

(128 pages);
PRODUCTION

studies comparing the relative effects
of encapsulated methyl parathion with
other insecticides/formulations includ-
ing methyl parathion EC when ap-
plied under identical conditions. Prop-
erly designed and controlled experi-
ments such as this are the only way
to develop meaningful answers,
There are now considerable con-
flicting data on Penncap-M® with re-
gard to its relative hazard to bees.
Some field studies have shown that
encapsulated methyl parathion causes
significantly higher initial bee mortal-
ity than methyl parathion EC.34 Its
persistence was presumed greater than
methyl parathion applied as an emul-
sifiable concentrate in several uncon-
trolled studies.5 However, comparative
controlled studies in Oklahoma,?! in
Texas and again in Wisconsin (B,
Erickson et al., unpub. data) have
shown that less methyl parathion from
the microencapsulated formulation
gets back to the hive than from other
more widely used pesticides/formula-
tions (e.g. methyl parathion EC, Se-
vin® plus ethyl parathion and Fura-
dan®) and that fewer hees die from
it. Other recent studies have similarly
shown the EC formulation of methyl
parathion to be equally or more haz-
ardous to than microencapsula-
tion.%24 Workers in several states point
out that while Penncap-M® is used
in significant quantities comparatively
few problems with bees result. Even

]J:’l '8
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so we must remain cognizant of the
fact that Penncap-M®, like other in-
secticides, can and does kill bees.
Some would argue that microencap-
sulated insecticides are said to be no-
tably bad because analyses have

Figure 3. Honey bees are port of our agricultural system.

shown that they may persist in col-
onies for a year or more. But then
one must ask, how many other pesti-
cides/formulations have been evalu-
ated with microencapsulated formula-
tions in comparative tests? Certainly,

r,
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as previously noted (Part II), inde-
pendent testing has shown that sev-
cral other pesticides persisted nearly
as long before the respective studies
were terminated and 2-4-5-T, pentach-
lorophenol and arsentical wood pre-

(A) Honey bees gather sweet corn pollen from leaf surface (B) Honey

| bees forage sweet corn tassels (C) Rogweed growing around swee
I Ragweed pollen on leaf surface — an abundant supply of insectic
the crop management system (E) Dead bhees
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! com fields offers increased insecticide exposure for honey bees (D)
ide laden pollen occurs when effective weed control is not part of
are commonplace if integrated crop management is not practiced by ALL.
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servatives persisted longer. The unusu-
ally high residues detected (about 53-
40 ppm) in certain reported Penn-
cap-M® analyses seem peculiar and
are unexplained (see 5 and earlier
discussion on residue levels). If one
removes from consideration those
studies wherein the use of Penn-
cap-M® was not confirmd, then most,
if not all remaining studies report
similar (0-3 ppm) residue levels in
bee hives and dead bees (comparable
to those of other insecticides). Nation-
wide, encapsulated methyl parathion
is responsible for comparatively few
of our bee losses (see, for example,
Part I, ASCS data). This may be
due to its higher cost and limited ef-
fectiveness against certain target in-
sects. Alternatively, it may be that
less is used because of its notoriety
within the beekeeping industry. Nev-
ertheless, we cannot solve our major
pesticide problems by banning chem-
icals or formulations that are only
regionally hazardous.

One additional example illustrates
the problems encountered by nation-
wide implementation of regionally de-
veloped pesticide use recommenda-
tions and restrictions. Studies in the
more arid western states have shown
methomyl  (Lannate®, Nudrin®) 1o
be safe for bees if applied in a fashion
that would allow it to dry before bees
come in contact with it. With this
finding came the perception that
methomyl is “safer for bees™ every-
where.  Hence, methomyl became
widely recommended and used in the
late 1970s. However, in 1978, in Wis-
consin  (see Part I, Table 5), its in-
creased use clearly precipitated higher
bee mortality. In a brief study to
learn more about the cffects of meth-
omyl on bees in Wisconsinl? we found
its use associated with immediate
adult bee mortality, persistence of
residues in colonies for 8 months over
winter, and winter loss of colonies;
eight of eleven observed colonies died
over winter., The winter colony losses
were  probably caused by the con-
sumption of pesticide  contaminated
pollen stores and or stress induced by
toxic residues carried over from the
previous fall.¥ We presumed that the
losses were due to the methomyl be-
cause we have seen similar colony de-
dine with Sevin® (also a carbamate
insecticide) but not with Penncap-M®
(methyl parathion) contaminated
hives. At the very least, these resulis
show the need for further swdy in
the Midwest and eclsewhere.

So it is a perverse logic that allows
us to universally and unequivocally

#The spray regime in the studies in-
volving overwintered colonies ineluded 4
applications of methomyl and one appli-
cation of Penncap-M®., Thus the late
winter colony mortality may have been
induced by methomyl or methyl para-
thion, or by some synergistic activity of
the two, Colonies contaminated by Penn-
cap-M®@ only normally survive the winter.
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Figure 4, Honey bees forage sunflower — Remember the honey bee pesticide com-
plex exists for a diversity of crops and environments.

condemn as too hazardous some pesti-
cides/formulations after environmen-
tally limited testing while similarly
accepting other formulations as uni-
versally “safe and or repellent” after
equally limited study. This short-
sighted willingness 10 adopt regional-
izod results without question and ap-
ply them nation- or worldwide with-
out further research has and will con-
tinue to slow real progress toward
solutions to the bee/pesticide complex.
The keyword here is solutions as ir
is unlikely that a single solution to
the problem complex will be found.

The Nitty-Gritty

Whether we like it or not, pesti-
cides are an important part of world
agriculture and they are here 1o stay
for the foresceable future. Our 1ask is
to learn to live with them and keep
bees in their presence. Our success
will be largely measured in economic
terms.

There are three time frames to be
considered in the economic analysis
of a simation invelving conflicting
methods of agriculture such as the
bee/pesticide complex. The first inter-
val involves the beekeeper and only
a single growing season at most or,
perhaps, just a single spray episode.
[n this interval the beekecper employs
methods that are obviously stop-gap
measures implemented as soon as pos-
sible 10 reduce the risk of or aid in
the recovery from an application of
insecticide to crops wherein bees are
known to be foraging. These tempo-
rary measures are relatively easy to
analyze in terms of dollars and cents;
i.e. labor costs, equipment costs and
replacement costs. When the different
protective methods are tested under

similar conditions, the relative benefit
of each method becomes apparent.
The final analysis will show which
method  provides the most protection
in terms of colonies or bees saved per
dollar invested. Only the beckeeper
is involved at this level.

The second interval is intermediate in
timing and involves beekeepers, grow-
ers and applicators. This situation can
be difficult to analyze economically.
First, several ‘givens’ must alrcady ex-
ist. Beekeepers must already know
the most efficient methods of protect-
ing their bees on a short term basis
(see above). Second, the grower or
applicator must be practicing the most
efficient methods of pest control feasi-
ble in a particular situation, This in-
cludes the initial choice of crops
grown, the determination of the Eco-
nomic Injury Level (EIL) of the
chosen crops, the pesticides and for-
mulations chosen and the methods,
number and timing of applications.
These practices may also involve sev-
eral years as cropping practices, such
as rotation, may increase or lessen the
chance of pesticide exposure. The cost
of protection per colony, the amount
of income derived from each colony
and the probability of losing a colony
‘the honey bee EIL) are the factors
to be considered by the beckeeper in
making an economic decision. The
dollar and cents figure is less exact
in this intermediate circumstance, It
varies on a per colony basis because
of external considerations such as in-
flation, recession, imports and exports,
and the production potential of each
colony as affected by weather or other
environmental factors.

In the long term more than a mon-
etary analysis is required since it also
involves hoth ecological economics
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and sociceconomics. The end result
of an intermediate decision will often
dictate the long term decision. The
outcomes of such a decision are com-
plex and varied: 1) the complete de-
mise of beekeeping (both hobby and
commercial) from a particular area,
2) a significant reduction in the num-
ber of beekeepers (colonies) in an
area, with emphasis on short term
economics for those remaining, 3) no
reduction of beekeepers (colonies),
with emphasis on short or intermedi-
ate term economics, 4) a change in
cropping patterns such that all or
most crops grown are not attractive
to bees or several highly attractive
crops requiring pollination are grown
in the same area, 5) a reduction in
pest susceptible crops produced, with
emphasis on intermediate economics,
and possible confrontations with bee-
keepers, and 6) continued or increased
production of crops requiring protec-
tion, with probable honey bee losses.

The ecological, social, and economic
significance of the complete removal
of any one type of agriculture from
an area has been documented through-
out history (the Irish potate failure,
the Missouri cotton failure, the dust
bowl in the western U.S.). The rami-
fications of the removal of pollinators
from an area are too lengthy to dis-
cuss here. Certainly major considera-
tions are the inevitable reduction of
plant diversity and the probability of
accelerated soil erosion. However, al-
ternatives to the removal of bees must
deal mith the economic decisions that
must be made within the confines of
conflicting methods of agriculture in
any particular area. All of these sit-
uations must deal within the real
world of dollars and cents, business
survival and compromise. As Dr. Eva
Crane, Director of the International
Bee Research Association, has pointed
out “‘the best that beekeepers can hope
for, in the light of the great need to
kill pest insects, is an ‘“acceptable
level of mortality among their bees.”?

Where Do We Go Next?

Over the years, important and ex-
tensive studies by L. Atkins and oth-
ers have been conducted to compare
the relative toxicity of various pesti-
cides to bees. However, these alone
do not produce all of the data nceded
to solve the complex of problems.
These studies are not sufficient to
reveal relative toxicity under differ-
ent field conditions?® because of the
aforementioned variability among chem-
icals and their interactions with plants,
bees, and environments.

From past experience, recent stud-
ies, the constant evolution of new in-
secticides and formulations, continued
bee losses, and the resultant hardships
imposed on crop growers or applica-
tors, it is obvious that innovative new
approaches, guidelines and proposed
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solutions to the bee/pesticide problem
complex are called for. Quite prob-
ably, an increasing burden for resolv-
ing the problem will fall on the bee-
keeper who should and will continue
to be called upon to function as a
full partner in area wide integrated
Crop management programs. Many
beekeepers have already significantly
reduced their individual bee losses
through close cooperation with grow-
ers or applicators.

Scientists are similarly compelled to
develop new research approaches and
solutions to this age old problem com-
plex,. In the fourth and final paper
of this series we will attempt to iden-
tify a number of avenues of study
that should be undertaken. These are
needed to compile basic knowledge
upon which we can eventually base
new solutions tailored to particular
sets of environmental circumstances,
families of insecticides or insecticide
formulations.
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HENDRIX APIARIES
Rt. 6, Box 120
West Point, MS 39773

Phone: 601-494.7271
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MOVING BEES?

%The *‘NO-SLIP” Strap

...For BEEKEEPERS
MANUFACTURED BY AGM CARGO-TIES, INC

Weatherproof “CORDURA’ Webbing
for Maximum Strength & Toughness

* Reusable

« Adjustable

= Quick Release

= Over Center Action
Locks In Tension!

1211. HIVE BODY STRAPS...

Heavy Duty (2000 1b.)

#1111 ... $12.,50

Ulility (600 1b.)

w101 e $6.50
poatage pald

Brochure "HOW TO
MOVE BEES" included
with order
Truck. Trailer, Pallet Straps avallable lor
commercial & side-liner
ORDER FROM:

BEE'Z R BUZ'N

1324 KELLY RD. » BELLINGHAM, WA 98226

CONTROL WAX MOTHS
with E.D. BEE

The only chemical approved
for this use by the EPA.
1 quart treats 3500 cubic feet.

1 quart . $8.75

(U.P.S. prepaid)
1 gallon ; $18.50
(truck freight collect)

5 gallons ... $80.00
(truck freight collect)

SOIL FUMIGANTS CO.,
INC.
P.O. Box 1447
SANFORD, FL 32772-1447
Phone 305-322-0864

7

30 years of proven quality
Package Bees & Queens
PENNER APIARIES
Rt. 3, Box 38Bé6
RED BLUFF, CA 96080
Phone 916-527-0941

867




