Honey Bees and Pesticides

Part IV

Guidelines for Future Honey Bee/Pesticide Research

by BARBARA J. ERICKSON! tnd ERIC H. ERICKSON, JR.2

IN THE preceding parts of this se-
ries we have presented a chronol-
ogy of bee/pesticide problems, a sum-
mary of relevant documented scientific
facts, and a synopsis of serious mis-
conceptions along with a perspective
for the role of apiculture in a system
of integrated crop management. In
this, the last of the four-part series,
we have drawn on the broad fields
of the plant and animal sciences in
an attempt to enumerate all of the
research approaches we can think of
that could contribute to an eventual
reduction of bee losses. Research into
some of these areas is already under
way, either by ourselves or elsewhere.
Other topics have not yet been studied
relative to bees. Since no one individ-
ual or laboratory can possibly under-
take all of the topics outlined, we
hope that by presenting our ideas and
questions, others may be stimulated to
explore a subject of interest. Further
benefit may be derived if others are
able to relate their casual observa-
tions or insights to those presented
herein and hence conduct more ad-
vanced research. Too, this discussion
tends to point out the complex nature
of bee/pesticide interactions,

It is our opinion, given the present
state of bee/pesticide technology and
a view of the future, that there is but
one attitude to adopt regarding bees
and pesticides: That is, since the use
of pesticides on crops is likely to
change little in the foreseeable future,
we should attempt to minimize the
amount of pesticide contacted by bees
in the field and the amount that is
carried back to the hive. In order
to do this we must 1) become prac-
ticing partners in ongoing pest man-
agement programs, 2) test existing
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and new pesticide formulations and
methods of application for reduced
bee hazard, and 3) seek new knowl-
edge regarding the interactions among
pesticides, bees and the environment.
It is these latter two points that we
specifically address.

Research to date has clearly defined
the problems encountered by beekeep-
ers whose colonies are in areas where
pesticides are used. It has identified
relative toxicity to honey bees, based
on the immediate acute mortality, of
individual pesticides/formulations. Re-
search has also provided some general
methods for beekeepers, growers and
applicators to use to reduce the haz-
ards of these chemicals to bees. Pres-
ently, our greatest limitation is that
we cannot adequately predict the net
effect of an insecticide application in
any given circumstance. Moreover,
normal biological and environmental
variance greatly limits our ability to
implement effective protective meas-
ures for bees.

We must now delve much deeper
into various aspects of fundamental
bee biology and behavior if we are
to further resolve the problem com-
plex outlined in Parts I-III. Bold
and innovative research approaches
are needed. We must, for example,
learn how to minimize bee exposure
to field applied chemicals, determine
the extent to which toxic effects are
additive with repeated bee exposure
and develop ways to rehabilitate a
colony once it has been exposed. We
must also determine the extent to
which bees can biologically detoxify
various chemicals, why some bees die
from pesticides but perhaps more im-
portantly why others do not die, what
the principal sources of bee hazard
are and how to diagnose sublethal
or chronic effects of pesticides. In
Parts I-III we have made a case for
the significance of local/regional en-
vironmental effects, and certainly, the
likelihood of these effects must always
be kept uppermost in our minds.

There is a great need to identify
the principal factor in bee kill situa-
tions and identify and rank all perti-
nent factors in decending order of im-
portance. What, for example, is the
leading cause of bee mortality from
pesticides? Is it the chemical used?
The formulation used? The level of
exposure (dosage applied)? The fre-
quency of exposure (including pre-
vious exposures)? The ratio of treated
to untreated plants foraged by bees
from a colony at a given time (plant
competition)? Or is it the condition
of the hive relative to its natural de-
fenses against toxic chemicals? An-
swers here are especially needed to
provide direction for research that is
to follow.

Identification of Hazardous
Pesticides/Crops

As we have already pointed out
(Part I) it is the consensus of most
who are involved in bee research that
a majority of bee losses result from
the application of a very few pesti-
cides to a limited number of crops.
If so, there is a need to ascertain
which crops and chemicals are most
frequently responsible for these losses.
We are fortunate in that we have at
least one fairly comprehensive source
of bee loss data available from the
Agriculture Stabilization and Conser-
vation Service (ASCS) for 1967-1979.
Therefore we strongly recommend that
individual states compile from existing
ASCS reports a list of crops and
chemicals, ranked in order of the fre-
quency with which they are used, and
with which they harm bees. Initially,
some research should be aimed at de-
veloping solutions for those crops and
pesticides highest on the list.

Even though ASCS records are es-
sentially our only comprehensive in-
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formation resource for bee mortality
data, there is an inherent danger in
using them to set research priorities
because with such data we face the
problem of trying to develop solutions
based upon state boundaries which are
biologically meaningless. So further in-
terpretation will be required in most
instances. Individuals in each state
will have to identify the various bio-
logically significant agricultural zones
in their state and develop solutions
for the specific problems within the
confines of each ecological zone. In
many cases these zones will extend into
adjacent states and here cooperative
effort should be strongly encouraged.

In a few states like California,
where a great diversity of crops is
grown, it may be more difficult to use
ASCS Records to analyze bee losses.

Figure 1. The honey harvest.
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Nevertheless, we feel that if these
states were to be divided into the ap-
propriate ecological zones based on the
nature of agricultural production and
bioclimate, the ASCS data would be
invaluable in precisely describing the
circumstances under which most bee
losses occurred.

In some states ASCS data has been
compiled and is being used to identify
the source(s) of the majority of prob-
lems. Yet elsewhere no such effort
has been made. Unfortunately, unless
action is taken soon these records may
be lost or destroyed. Some states main-
tain records of the relative volume of
pesticide sales via surveys. These rec-
ords should also be analyzed and fol-
lowed for current usage trends, al-
though such trends may not always
be tied directly to bee losses.

A) worker bee gathering nectar from a cranberry
cranberries are in bloom because growers are aware of the value of bees as pollinators. B & C) Blowing bees from a honey super.
D) A novice beekeeper experiencing a harvest free from the effects of pesticides.

Pesticide Formulations

The most immediate benefits to be
realized from bee/pesticide research
will undoubtedly come from the study
and development of insecticide formu-
lations- or methods of application of
insecticides that are presently avail-
able, which reduce the likelihood that
bees will contact and/or carry the poi-
son back to the hive. We hold this
view because: 1) the timing of spray
applications, while highly beneficial in
some areas, is impossible elsewhere; 2)
persistence of a chemical varies with
the region and its environment; 3) the
source of poisoning does not always
seem to be by direct contact with
sprayed flowers; 4) although current
guidelines recommend against spraying
crops in bloom, other blooming plants
in the vicinity of the treated area be-
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come coated with the insecticide re-
sulting in bee loss; and 5) some major
crops must be sprayed while in bloom
to control particularly harmful insect
pests.

Therefore, studies of formulations
that stick or otherwise bind the chem-
icals to plant surfaces should be pur-
sued most vigorously. To be sure,
some such materials, such as Sevin
XLR® and Penncap-M plus an ex-
perimental sticker, have already been
developed and tested against bees. But,
we must ask, are such sticker formu-
lations equally effective everywhere?
Are they as effective as other formu-
lations now preferred to control pest
insects? Should we look for those for-
mulations best adapted to a particu-
lar environment? For example, will a
water soluble sticker work equally well
in dry climates and in humid climates
where dew forms daily? Obviously,
local testing of formulations must be
carried out before such questions can
be answered.

Environmental Factors

Earlier we emphasized the impor-
tance of understanding the impact of
environment on the development of
plants, the activities of bees and the
effects of pesticides. The significance
of this concept, underscored in Parts
IT and III, cannot be overemphasized,
nor can we overemphasize the need
to incorporate this concept into ex-

perimental designs. So while we can,
with difficulty, perceive how weather,
soil and climate may induce dramatic
differences, we have too little data
with which to work.

Much research remains to be done.
It would seem that the easiest way to
build a storehouse of knowledge would
be to conduct similar experiments at
several localities and compare the re-
sults. And indeed some of this has
been undertaken. However, in this era
of fiscal restraint, other approaches
may be appropriate. The development
of studies aimed at acquiring basic
knowledge of the interactions of bio-
logical systems with environment re-
quires considerable imagination and
foresight.

There is a need for study of pesti-
cide particle distribution on plant sur-
faces for the various pesticides. Do
flowers normally have higher (or low-
er) concentrations of pesticide than
leaves? Concurrent studies are needed
to determine the amount of pesticide
needed to kill target insects versus
honey bees in the field. If such dif-
ferences exist, can we use them in an
effort to protect bees by regulating
spray dosages?

Scattered throughout the literature
on bees and pesticides there is fre-
quent reference made to the fact that
a given insecticide was toxic to bees
at one temperature or humidity level
(locality) but not at another. Such

environmental effects are to be ex-
pected. Further study is needed to
determine the mechanism(s) involved.
For example, are these differences the
result of relative volatility or persist-
ence of the chemical on the plant or,
could honey bee metabolic differences,
perhaps in response to environmental
change, play a role? How might these
differences manifest themselves in the
arid states of the southwest versus the
cold climates of the north central
states and Canada? Are there insecti-
cides or families of insecticides that
might be used without hazard to bees
in one such area but not in the other?

An additional related topic that de-
serves mention here is the effect of
naturally occurring electrostatic charges
on the movement of pesticide particles
in the environment. We know that
small, dust-like particles are electro-
statically attracted to bees, especially
to antennal (and perhaps other) sen-
sory receptors. Certainly, agriculture
is beginning to use electrostatic spray-
ers for more efficient application of
pesticides. Though unproven, it seems
likely that pesticide dusts, microcap-
sules, or other particulate matter con-
taminated with pesticides would be
differentially deposited on various
plant surfaces and readily picked up
by bees. Perhaps this notion merely
speaks to the relative success in pro-
tecting bees already encountered by
the incorporation of sticking agents in
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pesticide formulations. If we knew for
sure, we might more rapidly develop
these preventive measures against bee
losses, particularly where peripheral
sensory systems (like those on anten-
nae and mouthparts) are affected.
Here again, there will undoubtedly be
effects of temperature and humidity
on the electrostatic phenomenon.

Honey Bee/Plant Interactions

In our best judgment, many solu-
tions to the bee/pesticide problem com-
plex, particularly those outlined in the
preceding section, will emerge from a
fuller understanding of the differences
in foraging behavior between honey
bees and particular host plant species.
Albeit simplistically, many have al-

ready taken this approach by strongly
recommending that plants not be
sprayed while in bloom. This recom-
mendation is based on the assumption
that the brief period of bloom is the
only time of bee foraging on a crop
(unless other plant species are bloom-
ing in the area or other unknown cir-
cumstances exist). Unfortunately, the
broader more informed perspective is
often ignored.

While we may know the approxi-
mate blooming dates of a particular
plant species, the recommendation to
avoid spraying during this period fails
to recognize that we live in a world
filled with biological variability. When
there are acres and acres of a single
plant species there exists tremendous

Figure 2. A) The face and mouth parts of a worker bee. B) Surface texture of the
maxilla which surrounds the tongue. C) Touch and taste receptors on the labial palp.
D) Flabellum on the tip of the tongue. Pesticide particles are easily acquired and trans-
ported on surfaces such as these. Sensory function may be lost with this contamination.
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intra-field variability in plant growth
and development due to differences in
soil composition, fertility, temperature
and moisture as well as in ambient
temperature, air movement and pene-
tration of sunlight due to plant den-
sity. Hence, a flowering crop that is
normally attractive to bees only in the
morning may, in a large field, have
individual plants with flowers open at
many different times of the day. Bees
will find these, so we must be con-
cerned with levels of hazard from this
standpoint.

For example, in Wisconsin sweet
corn, we have recently shown that
bees forage for dehiscing pollen from
sunup to sundown for a period of 14-
16 days. This is very different from
the observations of other researchers,
particularly in the western states, who
report that bees there usually cease
foraging on corn by midday. Their
arid environments probably promote
accelerated daily and seasonal periods
of blooming activity. And indeed these
scientists will be the first to point out
that a dramatic change in one factor,
such as weather, will significantly al-
ter this period of bloom in their areas
such that corn may dehisce pollen
and bees may gather it all day long
if the conditions are right. This com-
parison is merely one example of how
extreme biological variability, that
plant species exhibit in different cir-
cumstances, may alter the results of
our efforts to protect bees. It is im-
perative that we take particular care
in interpreting for our own purposes
the results of studies done elsewhere.

As is often the case in other mat-
ters, we must think in terms of rela-
tive differences and not seek simple
hard and fast rules. There are none!
In each environment we must answer
the question of what is normal flower
development and/or bee foraging for
a particular plant species as well as
what the expected diversity might be.
As with all such field research, studies
must be repeated in several different
areas of the United States if we are
to understand the extent to which all
variables impact on the results and if
we are to optimize our efforts to pre-
vent local bee losses. Only then can
we superimpose meaningful national
or regional pesticide/formulation use
recommendations and restrictions.

Clearly our recent results show that
in Wisconsin the recommendation to
spray after 2:00 p.m. is wholly inap-
propriate because: 1) on fair days bees
forage sweet corn from 8:00 a.m. to
nearly 6:00 p.m. and 2) the late after-
noon wind is normally higher than the
maximum spray application limit of 5
mph. Moreover, the recommendation
not to spray when significant num-
bers of bees are foraging in corn is
equally nonsensical. Here, bees are for-
aging in corn during bloom for up to
14 days and this extended period is

(Continued on Page 50)
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HONEY BEES AND PESTICIDES —
(Continued from Page 45)

too long for us to realistically expect
the grower to wait to control pest in-
sects. Obviously, more meaningful rec-
ommendations for Wisconsin are need-
ed! What about other areas? Other
crops?

For this and similar cases elsewhere
we need much additional research.

Sources of Pesticide Contamination

There is little doubt that consider-
able honey bee mortality results from
contact by the bee with a sprayed
flower. There has been documenta-
tion of the effects of pesticide drift
over apiaries and a minor amount of
mortality may result from this. Also,
some mortality undoubtedly results
from the fumigant action of certain
(mainly organophosphate) insecticides
either in the field or in the colony.
However, there are many other little
known or seldom considered avenues
by which bees may encounter lethal
or sublethal doses of the poison. Dead
bees, for example, build up at the
hive entrance when colony mortality
is high. Supposedly healthy bees then
attempt to clear the entrance by car-
rying their dead out and away from
the hive. So we must ask how much
additional mortality accrues from this
contact, and, how might we alleviate
this problem? Some beekeepers at-
tempt to keep their bottom hoards
clean after a bee kill.

Bees frequently gather and consume
dew or use it to cool the hive. So one
has to wonder about the effects on the
colony of pesticide laden dew gath-
ered from leaf surfaces. An orchard
management program to eliminate
blooming plants on the orchard floor
might be helpful in some localities.
But, if the rate of contaminated dew
collection by bees is high in ancther
area, this scheme might have little ef-
fect. Bees may also gather honeydew
from aphids that feed on chemically
treated crops like corn. What is the
effect on bees here, particularly where
high infestations exist, if the aphids
are already poisoned or the honeydew
is removed from an insecticide con-
taminated leaf surface?

With repeated frequent pesticide ap-
plications the toxins build up in the
surface lipids and in the tissues of
plants such that there is an additive
effect with successive chemical treat-
ments. When more than one toxin is
present, synergistic effects become pos-
sible (i.e. two poisons acting in con-
cert may be more toxic than one or
the other alone). What then is the
effect on bees? How does each of
these rank in order of importance?
Does this ranked order change from
one region to another? Probably!

Are there not other such sources of
contamination to be considered?

(To be concluded in February ABJ)
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