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ABSTRACT

Dyer, Denis John, M.Sc", The UniversÍty of Manitoba, Septernber, 1980.

The Effects of I'falathion on the Behavior and Cholinesterase Enzymes of
the Honey Bee (Apis mellifera L.).

IIoney bee sauples T¡rere iniEially assayed to determine if cholin-

esterase enzymes could be measured in a single bee. A sauple of bees

\das assayed v¡ith respect to individual body region cholinesterase. Mean

values for body region enzyme acËiviLy showed that the head had higher

measurable cholinesterase enzvnes than did the thorax and abdomen. Honev

bee heads were Ehen measured for cholinesLerase to determine if Lhere

r¡ras a variation with the age of the bee. Ilead cholinesterase values for

honey bees of four age groups were shown to be sËatisEically of the same

population. ALtenpts Eo reduce Ëhe variation in enzyme levels were made

using toËal head protein and bee brains. I{owever, the results showed

that Ëhe cholinesterase levels in terms of mU/m1 provided the smaller

variation.

Prelirulnary poisoning experimenËs were conducted using a malathion

507" EC-waËer mj.xture applied to the bee betr¿een the head and thorax.

Cholinesterase levels of treated bees were found to be significantly

lower than levels found i.n untreated bees.

Iloney bee head cholinesterase appeared Lo be affected by the tine

of year the bee emerged from its cell. It r.ras shown that bees emerging

in November had head cholinesterase leve1s similar to those of su'r'mer

bees. Ilowever, it was observed that these head enzyme levels dropped

considerably by the time the bee was 14 days oId.

An aerial spray program in Bird's Hill Park (using malathíon) in

l"lay L977 was used to test the effícacy of honey bees as environmental
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impact moniËoring organisus. Honey bees were sampled for malathion

residue and cholinesterase. Bees were also released aË tT,¡o distances

from hives to ascertain the effects of the poison on the bees' horuing

abilities. Sanpling probleurs and the possible influence of "seasonal"

changes in bee cholínesterase linited any conclusions on this topíc, but

it r¿as inËeïest1ns to note that no bees returned to their hives in the

treatment areas.

FurËher tests were conducted to deterrulne the effects of sublethal

1eve1s of malathion on the homíng abilities of bees. These experíments

involved bees of foraging age and the results shoq/ed that fewer bees

returned to their hive r¿hen treated with melathion in subleËhal levels.

The behaviors of individual poisoned bees r^ras recorded using glass-

walled observation hives. It was found'thaL bees t.reated with malathion

shor¿ed five basic stages of poisoning. Bees poisoned with hígh 1eve1s

of malathion usually died quíckly; however the effects of the poison

r/¡as seen in a hr¡ndredfold mortality in the hive over 24 hours, probably

due to contacË with the dead bee by other bees. The act.iviËy of a

poi.soned bee was shown to be quite different from iËs regular hive

activities, however ttnormal" hive behavior returned i.n sublethally

treaËed bees within one dav.
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CIIAPTER 1

1.1 IntroductÍon

The widespread aerial applÍcations of pesticides used Presently to

control insect pesË fnfestat,Íons have often desËroyed honey bee coloníes

(Johansen L977). The problem of findÍng the means to define the damage

to the colonies by such sprays has always been dífficult, Partly due to a

good deal of "after the fact'r sampling. The goal of this Lhesis v/as to

explore different avenues of evaluat,ing the impact of aerial sprays on

individual honey bees usÍng bee behavíor and cholinesterase inhibition

as measuring tools.

Organophosphate pesticides have been used exËensívely for insect

control sínce the decline in popularíty of the organochlorines. Mala-

thion \,ras chosen to be used in thís thesis because of its consumer

availability and its reputation as one of the leasË toxic organophos-

phates on the market. AddiLionally, it has been generally assumed that

malathion is relat.ively non-toxic to honey bees, so any results gathered

from thÍs examination could for¡n Ehe basis for future projectíons with

other pesticides.

Cholinesterase has been deemed the target enzyme for the toxico-

logical effects of organophosphates i-n insects (0'Brien 1976). This

thesís intended to examine the meríts of using honey bee cholinesterase

as a means of descriminaËing poisoned from nonnal bees. The honey bee

cholinergic systems was examined initially to determíne cholinesterase

levels in untreated bees. SubsequenLly, the cholinesterase levels of

malaLhion-treated bees were measured to observe wheËher poisoning

signíficantly affects enzyme levels in Ëhe bee.
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Iloney bee colonies were used to moniÈor the effecËs of large-scale

aerial sprays on non-target organisms. In LheorT, a honey bee colony

should be ideal for this Lype of examination, due to iËs compact move-

able nature and the homíng instlnct of its population. Honey bees have

been also examined for pesticide-induced influences on their navi-

gational ability. Proper t.echnique development in this direction could

evolve into using the hlve as an efficient monitoring unit.

Pestícides undoubtedly have exerted some behavioral influences on

bees returning to the hive. Honey bees rrrere examined for any pesticide-

induced activity changes, both ln duties and in relation to next maLes.

The reaction of the hive bees to the poisoned specimen have been noted

to determine the amount and kind of i-nteractions between them: this

r¿ould shovi the effects of malathion on Lhe non-Ëarget bees involved.



CHAPTER 2

REVIEW OF LITERATI]RE

2.I Insect llead Cholinesterase and Organophosphate Poisoning

Cholinesterase analyses of honey bee samples $rere made on indivi-

dual bee heads. Comparable analyses of single insect speci-mens are noE

available in the literaËure. All previous work reports measurements oll

pooled specimens using either the whole organism or parts thereof

(Metcalf and March, 1950; Lewis and For¿ler, L956; Mengle and Casída,

1958; Smallman and Fisher, 1958; Stegwee, 1960; Mengle and O'Brien,

L96O; Plapp and Bigly, 1961; Brady and Sternburg, 1966; Tripathi and

OtBrien, 1973). There are further examples in which insect thoraces

(Lewis and Fowler, L956; Srnallman and Fisher, 1958; Stegwee, 1960;

Brady and Sternburg, L966; Tripathi and OtBrien, i-g73), whole bodies

(van Asperen, 1958; OrBrien, 1961), or cornbinations of thoraces and

abdomens were used (Plapp and Bigly, 1961). Although rnost research was

conducted with insects other Ëhan the honey bee (usually the house fly,

Musca domestica), the literature indicaÈes that the enzyme ís concen-

trated in the head.

QuesËions arise in the liËerature as Ëo wheEher Ehe lnsect head ís

the arajor poisoning site with organophosphate insecticides. Van Asperen

(1958) suggesLs Lhat low 1eve1s of cholinesterase inhibition detected

in house fly sanples treated with organophosphates ur,ay be a misrepresen-

taÈíon of the poisoning sequence, with stronger inhibition of the enzyme

occurring at some sroall but essential part of the rlervous system. Stegwee

(f960) proposed that house fly cholínesterase may be more inhibited at

critical siËes in the Írervous system than in the head. Plapp and Bigly
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(1961) and 0'Bríen (f961) provide further evidence of "the rernarkable

recent finding ËhaL decapitat.ion has litËle effect on the LD'O for house

flies of eight anticholinesterases (Mengle and Casida, 1958) nakes ir

inprobable Ehat inhibiEion of the cholinesterase of the head is important

in poisoning". ZetELer and Brady (1970) explain their inability to

deternlne the 1evel of cholinesterase inhibition producing death in the

red flour beetle as belng due to localized inhibition of the enzyme ín

the peripheral region of the nervous systeu. Booth and Metcaff (1970)

tentatively conclude that they could not histocheuícal1y deËerru-ine any

correlation betweeri external poisonÍng symptoms and overall inhibiÈíon

of cholinesterase in the brain. Ttrey deduce that the peripheral areas

of the Ehoracic ganglion of the CNS (central netr¡ous system) appear to

be one of the localized sites of inhibition in the house fly, concluding

that the brain is a secondary site of inhibition. Booth and Lee (I97L)

also find organophosphate-treaËed house flies experiencing cholinesterase

inhibition in the peripheral areas of the thoracic ganglion at knockdown,

r¿ith no inhibition of brain cholínesterase. IË is interesting to note

that Booth and Lee (1971) report an eventual complete inhibition of

cholinesterase in the central portion of the fJ-y brain with time; how-

ever, they also note that críckets poisoned by organophosphates always

demonstrate complete inhibition of brain cholinesterase at knockdornm.

Tripathi and O'Brien (L973) sur¡med iË up by stating that (r,rith house

flies) "the inhibition of thoracic cholinesterase is far better coï-

relaLed with the degree of poisoning than is the inhibition of the head

cholinesterase". The literature does quesËion the correlaËíon of brain

cholínesterase depression r¡íth Ëhe degree of organophosphate poisoning



in insects other than honev bees.

2.2 Mechanism of InsecË Cholinesterase Inhibition

CorbeÈt (L974) reported that cholinesterase (EC 3.1.1.7) is the

enzyme responsible for the hydrolysis of acetylcholine in insect

nervous systems. A cholinesterase, by definition, is a substance

which hydrolyzes aeetylcholine into acetate and cholíne. The reaction

is as follows:

+Hro_+
cIl3COOCIt2cl{2N(CH3) 3 

-' 

cri3cOo + HoCH2cti2N(CH3)3

acetvlcholine acetate choline

tlellenbrand and Krupka (1970) published a report on the mechanism of

the hydrolysis of acetycholine by acetylcholinesterase i.n the housefly,

presenËing it in the following manns¡;

k+l k, k"
EH * AgCH (-) EH.AcCtt EAc ---l-> EII * AcOi{

k-1 chlÌ I1^0
¿

where EH is the enzyue, AcCII is the acetylcholine, EH.AcCH is Lhe

intermedÍate reversible couplex bet\^reen enzyme and substrate, EAc is

the aceËylated enzyme, frH is choline and AcOH Ís acetic acid. In t,he



house f1y, the acetylation step (kr) is the rate deternining step.

It is likely that th.e insect cholinesterase contains two binding

sites (corbett, L974) as does the vertebrate enzJrme (Engelhard et al.,

1967), and therefore it should acE in a similar manner. Of the tr,ro reaction

siËes, Ehe anionic site (possibly containing a glutanate residue) in-

teracts with the positively charged nitrogen atom of aeeLylcholine,

while Ehe esteratíc siÈe (the nucleophilicity of which is enhanced by

hydrogen bonding Lo a neighbouríng histidine residue) is responsible for

Ëhe cleavage of the ester link of acetylcholine (CorbeËt, L974).

Hellenbrand and Krupka (1970) noted Ehat substrate inhibition in ínsecrs

differs mechanically from that of vertebrates. They suggesEed that it

involved conbinat,ion of the substrate wiEh a postulated second anionic

site, and blockage of the acetylation (kr) rather than Ëhe deacetylation

(k") reaction. organophosphates form a complex with the enzyme at theJ

binding sites and phosphorylate it. The subsequent dephosphorylatÍon

reaction, which controls the overall reaction rat,e, can Ëake a long time

(even monËhs) to complete.

The fo::mat.ion of Ëhe enzyme-inhibiËor cornplex remained undenonsËïated

for many years due to the relatively sma1l amounÈs of the inhibition

actually needed for death to occur. According to o'BrÍen (L976), most

of the effective anticholinesterases, when present in concentrations of
-^10 -M, will sat,isfactorily inhibit much of the enzyne in the order of

5-50 minuÈes. Further to this, the recovery of the enzyue is sometimes

complicated by the phenomenon of aging, defined as a progressive con-

version of the ínhibiLed enzyme to a form which cannot be reactivated

by oxÍmes (substances knornm to reverse the trend towards the formation



of an enzyme-inhibitor complex). O?BrÍen mentions Ëhat Êhe basis of the

aging reacÈÍon is known to be a dealkylat,ion reacËion of Ëhe form

OR

EoP (o) (oR) ^ EoP @) -. ¿ -\o_

r¿here E represenËs the cholÍnestelas'e enzyne. ThÍs results in the crea-

ËÍon of an anionic phosphate group r¿hich Ís ÍnsensÍÊÍve to nucleophilic

aÈtack. The raÈe of aging vrould invarÍably depend on the abÍ1ity of rhe

a1kyl substituent to act as an effective "leavÍng" group. lfowever, the

overall resulË of aging would be Ëo insure that the toxificaË1on is

irreversible by closing off routes of detoxification Ëaken by oximes or

by normal physioLogical hydrolysis.

2.3 CorrelatioÍi of Poisoning r¿ith CholinesËerase Level Depression

Ïhe search for correlations between Ëhe amount of pesticlde presenË

and the degree of insecË cholinesËerese inhibition has been inconclusive

(Brady and Sternburg, L967; Zettler and Brady, L970; O'Brien, 1961;

SËegwee, 1960; Mengle and Casida, 1958; Booth and Lee, L97L). Some au-

thors suggest broad correlat,ions between subleÈhal, LD'O, or masslve

doses of organophosphates and no, partial, or compleËe inhibition re-

specËively, of the insect cholj.nesterase (Plapp and BÍg1y, 1961); how-

evet, no data are ava1lable correlating pesticide dosage with degree

of cholinesËerase inhÍbitíon. Recent hj.stochemical investigations

(Booth. and MeËcalf, 1970) suggest possible reasons for chis ditsrrma,

and these fíndings will be discussed in relatÍon to some of the ord

problens.
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The standard nethod of insect cholinesterase analysis is to homo-

geníze whole bodies (or parts ihereof), and then to perform measuïe-

ments on this homogenat.e (Lewis and Fowler, 1956; van Asperen, 195g;

Stegwee, L960; Brady and Sternburg, 1966; Zertler and Brady, 1970).

Ttris forst of preparation has inherent, probleus, one of which would be Ëhe

ínability to detect localized areas of enzyme inhibítion. The lack of

success in correlating concentratíons of organophosphates r¿ith degree

of insect cholinest,erase inhibiÈion has been suggested to be caused by

such locaLized sites of inhibition (stegwee, 1960; Zertler and Brady,

L97o). Histochemical invesrigarion by Boorh and Mercalf (1970) has

shornm this to be the case. Ilistochern-ical secËions of poisoned house

flies gave evidence that the peripheral aïeas of the thoracic ganglion

aPPear to be an area of localized cholinesterase inhibition. Further

to this, Booth and Metcalf found that house fly brain cholinesterase

did not play a prinary role in organophosphate inhibitlon, with sections

showing the thoracic ganglion Eo be the main site of attack by such

Ëoxicants. specifically, the region of the non-synaptic perineuríum

undergoes peripherar inhibition, producing a state which Booth and

Metcalf suggest rnay be responsible for the initÍal symptons of poisoning.

They postulate that the perineurium, which is involved with active ionlc

regulation beËween the nervous system and the blood, is possibly affected

in such a r¡ray that an upset rnay occur ín the balance of ions necessary

for normal nervous activity. Irlhatever the reason, it is not surprísing

that the thoracic ganglion, whj-ch serves the locomotory apparatus,

should be a site of localized ínhibition since rhe inirial physical

signs of poisoning are related Ëo an upseÈ in locomotory control Thís,
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combined wiËh the secondary importance of brain cholinesterase inhibÍtion

in the house f1y, could well offer an explanation for the inabiliry ro

correlate cholinest,erase inhibition with concentration of pestÍcide in

uuch of the previous research on this subject.

ït is ÍDportant to noL,e, however, that the significance of insecc

brain cholinesterase as a ËargeÈ for organophosphate insecticides varies

from species Èo species. Brain cholinesterase depression may be

relaËively trnimportant in house f1y intoxicat,ion (Booth and Metcalf,

1970) and yet, be of paramounE importance in cricket. poÍsoning (Booth

and Lee , L97L). very little emphasis has been placed on honey bee

cholj-nesterase analysis and details of the intricate poisoníng process

are not available. An object of this thesis is Lo detenulne whether

significant depressions of honey bee head cholinesterase could serve as

a tool to discriminate poisoned from non-poisoned honey bees.
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CHAPTER 3

IIONEY BEE CHOLINESTERASE

3.1 Introduction

The approach to investigaÈe the cholinesterase enzymes in the honey

bee followed Ëhree basic steps: (i) t.o determine the besË area for
Beasurenent of this enzyme in the bee and to measure any variation in
enzyme levels from bee to bee (ii) to ascertain whether enzyme leve1

variations, if presenË, could be reduced by dissection of the relevanc

tissue ox by mathernatical relation to the amount of protein present,

and (iii) to observe whether rnalathion poisoning could be reflected
in depressions in cholinesterase 1eve1s. The methods and results of

this approach will be described in the following sections.

3.2 Methods

3.2.L CholÍnesterase Analysis

The El1nan nethod (E11rnan et al., 1961) was selected. for its ease

and simplicity for honey bee cholinesterase analysÍs. The Elfunan nethod

is a photornetric method for determining acetylcholinesterase activity
based on Èhe absorbance at 405 nm, when thiocholine and dithiobisniËro-

benzoaËe âre mi¡gd in solution. The reagents are corrmercially available

from Boehringer Mannheim corporation and they consist of reagent 1, a

mÍxture of 50qM phosphare buffer (pH 7.2) and o.25qM dirhiobisnirro

benzene acid, and reagerLt 2, 0.156M acetylthiocholine iodide. The

colorÍuetric reaction ís prcduced by pipetËing 3oop1 of reagent 1 into
a cuvette, followed by the addÍËÍon of 10ul of sauples conËaining
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cholÍnesterase enzymes and 10U1 of reagent 2 in consecutive order. The

rate li¡ritÍng sËep is hydrolysis of acetylthíocholine to thiocholine and

acetate caxalyzed by eholinesËerase. TLre Ellnan neËhod requires measure-

nent of the rate of thiocholíne producËion. According Èo Ellman, Ëhis

is accomplished by the cont,Ínuous reacËion of the thiol with 515f-

dÍthiobÍs-2-nitrobenzoaEe ion as follows:

+
H2o+ ( cI{3 ) 3Nctlz 

ctlz s cocll3

+
(ffi:)3NcH2cr{2s- + RSSR

chol-inesterase
.F

( cH. ) ^NcII^ cH^ s 
-+ct{ 

^ coo-+2H+
JJ ¿ ¿ 5

+
( ( crr^ ) ^Nctr^ 

cH^ s sR+Ps
JJ ¿ ¿

where R = OrN

coo

The raÈe of producËion of 5-thfo-2-nitro-beneoic acid (demonstraËed

vísibly as the raÉe of color change to yellow) by the reaction of thio-

choline and dithiobisnÍtrobenzoate has been shown to be sufficienti.y

rapid so as not to be rate liulËing Ín the measurement of the cholines-

Ëerase, and the concent,Tations involved do not lnhibiË enzynic hydrolysis

(Elfunan eü a1., 1961).

Ihe procedure for cholinester¿rse analysis r¡ras as follows: im-

nedÍately upon sampling, the honey bees were frozen on dry ice until

return Eo Ëhe laboratory where they were ÈTansferred to a deep fteeze

until assayed. Bees to be analyzed \rere removed from cold sÈorage and

decapiËated; each head r¿as then placed Ín 1.0 uI-illilitres of a 0.25M

sucrose solutÍon" These heads v¡ere homogenized individually at fu11

speed wiËh a Polytron tissue homogenÍzer for a period of 15 seconds.
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The homogenized saruples u¡ere allou¡ed. to stand f.ot 2 hours at 4oc and

then centrifuged at 7000xg for 10 minutes. subsequently, 150ur of the

supernatant r¡/as removed and analyzed for ttsolubLe" cholínesterase.

A-ssays were conducË.ed in duplicate on a Zeíss pMQ rl spectro-

photometer usÍng prepared reagents from Boehringer Mannheim CorporaËion

based upon the procedure of Ellnan et al. (1961). Measurements \^¡ere

made using l0.0ul of sample and amounts of reagents 1 and 2 indicated

previouslY, at 25oC. Soluble bee head cholinesterase values (expressed

in milliUniËs/nl) were obtained from recorder charts printing the

changes in optical density at 405 nm as a function of time (with a

correction for non-enz]rulatic subsËrate hydrolysis). The 10.0u1 sample

volume chosen was sufficient to yield activities consistently in the

range measured wiEh reagents and equipment used. The extraction time

of 2 hours, plus the extraction tenperaËure (4oc), and the use of 0.25M

sucrose as a solvent are taken from a procedure used by Nelson et al.
(1973) for c.holinesterase analysis of honey bee d.rones and workers.

3.2.2 Prorein Analysis

The honey bee cholinesterase activíty was also expressed in terns

of railli Units/mg bee head protein: protein Ín bee head. extracts vras

measured by the Lowry roerhod (Lowry er al., 1951) as modÍfied by Miller
(1959) for use with large nr:mbers. The analytícal procedure involved.

the addftÍon of the Folin-ciocalteau phenol reagent to the copper-

treated protein saruple, producing a colour change frorn yellow to blue.

As the accomparl.J¡ing reaction neared completion the protein composÍtion

r,ras decermined through comparison of solution absorbance values (in

nanoneters) with values for a prevíously-established protein standard
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several reagenËs were used in the protein assay. The first reagenË,

Reagent A, consisted of a rulxture of 2% sodium carbonate (Narcor) in
0.1 N sodir¡m hydroxÍde (NaoH) in proporrions indicated by Lowry (1951).

To 50 nl of ReagenË A was added 1.0 u1 of Reagent B (0.52 cupric surphate

CuSOO'5H20 ín I% sodium or potassium tartïate), Êo produce Lowry protein

Reagent c. To 500¡1 of Reagent c (¡o-ixed within one hour of analysis)

v¡as added 10ul of honey bee head extract (prepared in the mãnner described

for cholinesterase analysis - 3.f). Ten minutes later, 50u1 of the Folin
phenol reagenË, dí1uËed 1:3 with r¡rater (Mi1ler, 1959), vras added to the

copPer-protein solution. I'IÍth the elapse of another Len-mÍriute period.,

the solution r¡as measured for absorbance at 600 nm with a Zeiss pMQ rr
spectrophotoneËer .

The prescribed Lowry protein assay was modÍfied briefly for the

honey bee analyses. The suggested 3O-rninute reaction time for a 3ou1

sample rnras reduced to 10 ruinutes using a 10u1 sample. A plot of reaction

Tate versus time showed Ëhe reaction for the smaller sample and. time

period to be 9r.4% complete, using the larger sauple and longer time

períod as the 100% standard.

3.2.3 MarkÍng Procedure

The necessity for identifying different age groups of honey bees

demanded a reliable means of markÍng the bees. To fulfill this need,

frames of emerging brood were taken from the hive, swept clean of adult

bees and Íncubated at 30oc çt zoc¡ \,ríth 30-602 rerative hlrmidity for a

perÍod of. 18-24 hours. The fraues with ner¿1y emerged. bees were taken

frou the incubaËor, and the bees were marked on Ëhe dorsal thorax with
model airplane dope (paint). The dope was delivered by a 1-3 cc Ëv¡enty-
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tvro and one-half guage needle syringe, with Ëhe needle poinË filed sguare

to facÌlitaËe appli-caËfon. care was Eaken to prevent the dope from

seeping into Èhe wíng bases and ruerubranous. areas of the neck, or from

covering porËions of the wi,ngs and the head. The marked bees were in-
troduced into the hive using smoke to disguise the paÍnt od.our, thus

enhancing accepËance. The ages of the marked bees vrere detercÍned by

using different colors' for different marking dates, and by referríng

to thfs color code when a particular age was needed.

3.2.4 Pesticide Dilution procedure

The rnalathîon dilution procedure was based on the need for a

control whÍch would cause rninimal short-tet:ru dÍsturbances in honev bee

behavior when applied to the body. consequently, \"/ater was chosen as

the control. MalaËhion, being only slightly niscible in \^7ater, ,:iid forn
an even emulsion with water that could be applied vÍa syringe. The

final concentration of roalathion delivered r¡as determined by the voluue

of water nÍsed with the malaËhion 50î( EC stock solurion. A 2.0u1

micropipette was used to deliver either Ehe malathion-water emulsion or

the r¡raËer control to the tes.t honev bees.

3.3 Results and Discussion

3.3.1 Honey Bee Cholinesleïase DistributÍon

Cholinesterase dÍstribuËion in the honey bee r^¡as determined. from

assays conducted using one day old bees sanpled B November, L977.

Enzyme assays were made on the three general body regions; the head,

thorax and abdomen. Measurements of these Ëhree regions should produce

a composite cholinesterase value very close to the total enzyoe level
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of the honey bee in question.

The experimental results demonstrate that the head contains more

than half the measurable soluble honey bee cholinesterase. An unpaired

ttttt Lest shor¡ed that Ëhere \¡ras a sÍgnificanÊ difference between the mean

cholinesterase values for the head and thorax (t = 15.9, p<0.00r) and

for the head and abdomen (x = L7.6, p<0.001) as.r¿ell as a significant

difference between thorax and abdomen Inean values (t = 4.9, p<0.001),

as shown in Table 3.1.

The data for honey bee body region cholinesterase may have been

influenced by a seasonal- variation in the enzyme distribuÈion; the tiue

of year does seem to affect the amount of measurable soluble cholines-

terase in the bee. However, it should be noted that this effect exerEs

it,s greatest influence sometÍme after the bee is one day old (see

Appendix H). Previous prelirni¡¿ry work on honey bees of various ages

sampled during June did produce levels sÍnilar to the distrÍbution of

cholinest.erase in these one day old bees.

3.3.2 lloney Bee Brain Cholinesterase

Since the head contaÍns the hÍghest activity of honey bee cholin-

esterase, iL seemed logical to exarnine the enzyme cont.ent of isolated

bee brains. Honey bees were taken from cold storage and dissected under

a b,inocular microscope. Dissecti-ons were completed within 90 seconds

at room tenperature. Bee brain sarnples ruere placed in sma1l test tubes

sealed with Parafiln and then transferred to a deep lreeze until assay.

Samples to be measured for cholinesterase r¡rere transferred to 6 x 50 rm

test tubes and homogenized in 150u1 of a 0.25M sucrose solutíon by a

ground glass rod tissue grinder, under co1d. room conditions (4oc). The



L6

Table 3.1 Body region cholinesËerase distribution in one day old honey
bees sarapled 8 Novenber, L977

Soluble cholinesterase (mU/rn].)

Sample

I

2

3

5

6

a

Morn

llead

s6.08

57.12

52.29

qÁ nQ

58.18

66.96

60.L4

44.39

56 .1

Thorax

18. 34

19.69

20.03

10 qR

L7 .52

15 .04

19. 35

20.6L

1R R

Abdomen

9.99

15 .15

L4.40

14. 83

15 .48

11.03

16.68

L3.7

Table 3.2 Mean brain
bee samples

cholinesterase values of honey
taken during 1975

Sample

r{ay 27-29

June 16-18

Sample
number

30

JU

I'fean soluble brain
cholinesterase (rnU/m1)

60.1

L02.5
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homogenate r¡r'as allor¿ed Lo stand for tr.so hours and was Ehen centrifuged

for 5 minutes at 7000xg. Solubte brain cholÍnesterase \ras measured. in

duplicate as descrÍbed in Section 3.2.I.

Bee brain cholinesterase assays r^7ere conducLed on bee sauples

obtained between 27 l"Iay and 18 June, L975. The results listed in

AppendÍx A were grouped according t.o month, and tested usÍng an unpaÍ.red

ttt" Ëest. Tlrese groups, as shown in Table 3.2, were observed to be

separate populations (t = 5.2, P<0.01), an indicaÈion of the error in-

volved in the elaboraEe brain preparaËion t.echnique, or of a seasonally-

related change Ín bee brain cholinesterase levels. This question could

be further clarified if the ages of the bees were knor,m. Ilowever, the

wide variation in brain cholinesterase levels led to the investigat,ion

of the whole head as a more rapid means of deterrnining honey bee

cholinesterase levels, with more reproducible resulËs. Ilence, further

research on brain cholinesterase was discontfnued ín favour of whole head

enzyme assay.

3.3.3 Method Developmont for

T\uo areas of the honev

rüêfê ex¡mined mOre closel]¡ LO

Lributed to technique error.

Cholines terase Analvsis

bee cholinesLerase measurement technioue

detenuine the degree to which they con-

The variation of cholinesterase neasurement values within a Dar-

ticular sample may serve as an indication of the reproducibility of

the analytical procedure. With reference to this, sÍx replicates were

taken for cholinesterase assay from a houogenized one day old bee head

sample on 8 November, L97 t-. These replicates showed a mean of 51.8

(nu/nl) i¿ith a range of.49.3-54.5 as shovm in Tabie 3.3. The standard
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Table 3.3 Cholinesterase
head of a one

assay replícates measuTed using the
day o1d honey bee

Replicate

I

2

a
J

4

5

6

Mean

Standard deviation

Soluble head cholinesterase

ql I

54.5

52.8

49.3

51. 3

51. B
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deviation of 1.76 gives a coefficienË of variance of only 32. Ttris

value includes pipetting errors and judgement errors from lines drarnm

on readouL charts, as well as errors arising from actual replicate

variatiori and mechanical fault.

Ttre stabilíty of the honey bee cholÍnesterase enzyne under cold

storage requÍred closer exan-ination. Previous work on cholinesterase

levels in pigeons allov¡ed to decay at room temperature for 12 days

(Bunyan et. a1., 1968) showed very little difference l-n brain enzyme

values when compared to control specÍmens. Dead honey bees sampled in

fronË of the hlves as reported by Lockhart et al. (1978) generally did

not demonstrate signi-ficant decreases in cholinesÈerase levels from

healthy bee values. To examine this question, a sample of 14 day o1d

honey bees was f.rozer. on 2 August, L977 and held in storage for a period

of.48 days. The results of this storage test produced a nean value of

65.8 n U/nl with a range of 30.2-88.2 ntJ/nI (Appendix F). This was

later compared \,rith the 67.8 n lllrnl value for a population cross-section

of. L77 bees in SectÍon 3.3.4 and was not found to differ significantly

(t = 0.487, P>0.5). Consequently, cold storage appeared to be a good

means of storlng honey bee samples.

3.3.4 Honey Bee Cholinesterase Variation vrith Age

Senescence, with ft,s corresponding physiological changes, rn-ight

be a potential source of variation in the overall assessment of honey

bee cholÍnesterase levels. Rockstein (1950) reported such a variation

in the honey bee, although he found this change t,o be independent of the

general degenerat.ion of brain and nervous tissue which occurs with age.

He reported a sígnifícant increase in the cholinesterase activity of
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the braÍn during the first week after emergence, followed by a levelling

off whích rem:ined undiminished into exËreue old age. SÍnce Rockstein's

meEhods employed the poolÍng of honey bee brains and the use of a

different analytical procedure (I^Iarburg) , it r{as necessary to establish

a set of cholinesterase values based on individual bee head saraples with

the. E11nan (1961) method for the purposes of thÍs thesis.

Iloney bees, taken from queen-right colonies rnaintained at the

UniversÍty of Manitoba apiary, r¡rere narked upon emergence (see Section

3.2.3) to est,ablish an age sequence of worker bees. Between 23 June and

20 July, 1976, bees of four age groups (1 day, 7 days, 14 days, 21 days)

were randonly sampled for analysis. These bees r¿ere f.rozert and assayed

for cholinesterase as recorded in Section 3.2.L.

The study on cholinesterase variaLion wÍËh age involved L79 jln-

dividual honey bees from the four age groups, with a mínimum number of

36 sanples in each group. The mean values for the 1 day, 7 day, L4 day

and 21 day groupings were 68.0, 69.8,67.0 and 66.2 - nU/ml soluble bee

head cholinesterase, respecËiveIy (see Appendices B, C, D, E and Fígure

3.1). The four age groups vrere shorun statistically to belong to the

sarræ population (P>0.05), using an unpaired rrttr test. The significant

iniÈial rÍse Ín brain enzyme levels fro bees under 7 days reported by

Rockstein (f950) T¡/as not evident; this was perhaps due Ëo the different

assay technique used and the measurement of individual versus group

samples. Values for the cholinesterase levels of the four age groups

differed from the overall mean value of 67 "8 nU.n1 (standard devi.aÈíon

9.45) by no more than 2.97. an the great,est instarice.
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Figure 3.1. Honey bee cholinesterase activity measured with honey bees
of four age groups sampled betvreen 23 June and 20 Ju1y,
L976.
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3.3.5 Prelininary Poisoning Experiments

The nexË step after esËablishing uean bee head cholinesterase

values \nras to deternine whether this particular analytical nethod vrould

be sensit,ive enough to deËect organophosphate-influenced changes in the

enzyme levels. The objective was to detect large fluctuations in

cholinesterase levels, rather than small increments of elevaËion and

depression.

Ïhe literaËure abor¡nds roith examples of Ëhe inability to correlate

the amount of organophosphate applied with a corresponding cholinesterase

level (eg. Zettler and Brady, L970; Boorh and Metcalf, 1970; Brady and

sternburg, L967; O'Brien, 196r). However, it is true that, the depression

of Lhese enzyme levels is an indication of organophosphate poisoning

(0tBrien, L967). Consequently, the fol1or¡ring test,s vrere done to deter-

mine if large levels of cholinesterase depression could be measured

using the analyËica1 t.eehniques in Section 3.2.I.

A sample oÍ. 2L day old honey bees, taken from colonies maintained

aË the University of Manitoba apiary, $rere treaËed r¡¡ith nalathion 50%

EC in varying concentrations on 28 July, L976. The ¡nalathion v¡as diluted

with water to ratios of l:1, 1:5, 1:50, 1:500 (see Section 3.2.4), and

applied at the rate of 2.0 Ul per bee to the fnterseguental area betT¡reen

head and thorax. The bees r¿ere frozen 30 rninutes after tïeatment and

held Ín cold storage until assayed.

The resulEs showed that Ehere r¡ras a very obvious difference in mean

cholÍnesterase values between the untreated bees and three of the treated

grouPs (see Appendix G) . Bees treated r¡rith nalaEhion-r¡ater mixtures of

l:1, 1:5 and 1:50 showed mean enzyme levels 20.3%, 4.6"/" and 23.17"
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respecËively, of the mean enzyme leve1s for untreated bees. In additíon,
these three treatltrenE groups r¿ere shor¡n statistically (using an unpaired

"t" test) to belong to a population different from the control group

(P<0.001). The 1:500 nalaËhion-Ì¡rater treatment group r^ras not shown Ëo

be statistically different from the control group (p>0.05), alËhough the

former shor¡ed a decrease in the mean cholinesterase revel. Both the

control and 1:50 roalathi.on-water groups ríere, however, shovm to be

statístically different from the 67,8 ¡a u/rn1 rneal value for honey bees

> 21 days old stated in section 3.3.h. This difference rnay be due, in
ParË' to a seasonal varíation described further in Section 3.11. overall,
the experiment does show that large organophosphate-inrJuced depressions

in honey bee head cholinesteïase can be detected usÍng the method of
analysis recorded in Sectiorr 3.2.I.

Although a dose-effecË relationship betsreen the concentraËion of
pesticide and a corresponding degree of cholinesterase inhibition has

noË been deterained, it Ís generally accepted that organophosphates

act to produce a sudden decline in enzyme levels. The results of this
experÍment índicate that this sudden decline takes place somewhere be-

t\¡reen the dosages of l:500 and 1:50 nalathion-r,rater mixture, applied

intersegmentally between head and Ëhorax (see Figure 3.2).

van Asperen (1958) argued for ,protectionrr techníques r,rhen homoge-

níziag organophosphate-treaËed insects for cholínesterase analysis.
The protection technÍque consisted of homogenÍzing the insect (Ín this
case' the house fly) in an acetylcholine solution Lo ;orevent free organo-

phosphate or.".rr, in the tissues from introdueing an analytical error
by binding with the free cholinesterase. The procedure follov¡ed in this
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Figure 3.2. Mean soluble honey bee head cholinesterase values measured
in bees treated vrith 2.0 U1 of a m¡lathion 50"/" E}:water
dilution, in proportions indicated.
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thesis did not involve the use of any protection technique because the
concerrr T^¡as not to relaËe lncrements of cholinesterase depressi_on Ëo
concentrations of insect,icide applied. The question in this thesÍs is
whether an acutely poisoned bee can be detected using cholÍnesterase
levels as a measure. Enzyme varues were used, merely to decide the
Presence or absence of poisoning by organophosphate insecticides.

3.3.6 Honey Bee Head protein Analysis

rre original purpose for the analysis of honey bee head protein
was statistical in nature. The inËention hras to provlde an addftional
parameter of reference for the enzyne assay, such that the choli.nes_
rerase would be measured in terns of milliunits (of activity) per
uilligram of hee head protein. rt was Ëhought Ëhat a reference poÍnt
dependent on the internal tissues of the head rqould. prove useful in
reducing the standard devíation of individual cholinesterase values from
mean levels.

calcula.ed values taken from protein and cholinesterase anaryses
shor¿ that protein measurements do noË statistically improve the standard
deviations of rhe honey bee head cholinesterase levels. More than 170
honey bees of four differenË age gïoups (1 day, 7 days, 14 days and 21
days old) r^rere measured for chorinesterase and. protein le.¡els further
to the tests stated in sectÍon 3.3.4. Table 3.4 illustrates that the
coefficient of varÍance (a percentage assessment of standard deviation)
for the cholinesterase levels (r3.g"Á) ís just over half the 26.97! figute
for protein levels. DfvidÍng the individual cholÍnesterases by the
protein counterparts to translate in terms of ,,uU,/rng,, results in an
even higher coefficient of varian ce (32.g"¿) . Further research conducted
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Table 3.4 A comparison of values of honey
from bees sanpled during June -

bee head protein levels taken
JuIy, 1976

Sanple
size

L75

67 .84 nU/nl

0.847 nC/n1

r/) mu/mg

Standard
deviation

, "4)

0 "228

28.2

ï
Coefficient of

variance

L3.9"/"

26.9%

32.92

CholínesÈerase

Protein

Cholinesterase :
n?ôfâiñ

L79

L77
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on the protein assay itself (AppendÍx r), shows thaË the pïot.ein sample

varj-ation for one bee Ís over Er¿ice thaË of the cholinesterase sample

vari-ation for that same bee, even though both assays $rere Ëaken from Ëhe

one preparation (see sections 3.2.1 and 3.2.2). The large sËandard

deviations are likely related to hypopharyngeal and. mandíbular glands

contained in the head, which rnay be in various stages of development of

disuse from one bee to the next,. Clearly Ëhis would indicate Ëhat the

measurement of proLein levels, in conjunction r¿ith bee head cholinescerase,

produces a greater standard deviation from the mean than the cholines-

terase levels alone, and that the expression of enzyme activity on a

ruillíUnÍts (of activity) per bee head basis would be a less variable

alternative.

3.3.7 Seasonal Changes in CholÍnesterase Levels

There is little information about seasonal changes in insect

cholinesterase levels in the liüerature. The one reference located

(Baust, L972) involved the tesËing of two species of beetres which had

been acclimatized to t\,ro t.emperaËure ranges (15-2ooc and above 0oc) .

Baust found that the beetles, held in the higher teruperature environ-

ment' demonstrated temperature optima for activity approachíng ambient

exPosure, whereas those at low teuperatures shor^ied no such Lemperature

optitna for activity. His conclusion \^ras that the cholinesterase sysEems

for these beetles appeared independent of environment temperatures. It
is important for an over:qrintering insect such, as the honey bee to possess

a cholinergic system which will funcËion independent of che temperature:

a test of thÍs hypothesis can be made quÍte easily by measuring the

cholÍnesterase of honey bees taken from Ëhe vüinter cluster.
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Ïhe possÍbility of a seasonal change in honey bee cholinesterase

was brought to light through the analysis of a series of sauples from

the Birdrs lli1l Park field experiments. rnitially, the decrease in

choli,nesterase was thought to be the result of some procedural error.

To examine this further, newly emerged bees were marked (see Section 3.2.3)

\,rith the intenËion of measuríng the enzyme levels-at intervals during

a three week perÍod in Noverober, L977. The hlve contaLning these bees

vras surrounded by 0.3 meters of snow, and the honey bees were in a T¡rint.er

cluster on the frames. Bees r^rere sampled at periods of 1day, 7 days

and 2L days from Lhe 8 November startlng date, and irmediately frozen

for analysis. The cholinesterase assay was conduct,ed as per Section 3.1.

The results show a drop in cholinesËerase levels durÍng the follor^r-

ing three week period (see Appendix H). Figure 3.3 shows Ëhe decline

in mean head cholinesterase levels from 47.1 rnU/ul- ín the 1 day o1d bees

to a mean of 4.3 rnu/rnl in the 2L day old bees. Thus, Ëhere appears to

be a positive trend towards the reduction of cholinesterase with age.

compared r¿ith mean head cholinesterase values for honey bees of the

same ages sampled duri,ng June-July, the difference becomes more apparent.

Using an unpairedttttt Lest, all suruner values were shor,¡n to be statis-

Ëica1Iy different from the Nove¡nber honey bee levels (p<0.001). clearly,

there is some physiological mechanism in the bee which acts to alcer

head cholinesterase levels (assayed at 25oc) with respecË to the seasons

of the year.

It is conceÍvable that the reduction in honey bee head cholinesrerase

found in Noveuber samples may be indicative of a redistribution of the

enzyme within the bee, rather than its complete disappearance. To examine
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Figure 3.3. Comparison of honey bee head
bees sampled June-Julv 1976

cholÍnesterase levels between
and Noveruber L977.
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this possibility, honey bees I day, 14 days and 21 days o1d (7 day old

bees we¡:e unavailable) v¡ere sampled Ín November L977 for cholinesterase

1eve1s in their heads, thoraces and abdomens. Ttre result.s show the

dramaËic drop in head enzyme levels experienced from the I day old bee

to Ëhe L4 day old ones (Tabl-e 3.5). Ilowever, the values also demonstraËe

a decrease in thoracic and abdorninal enzyme levels. Ffgure 3.3 shor¡s

Ëhe relationship between the three ages, showing an inËeresting signi-

ficant recovery of thoracic cholinesterase in the 2L day old bees to

rjt - -al -21.30 nU/nl, which surpasses the 18.77 mU/ml figure for I day o1d bees.

There is a verv obvious difference bet\¡reen the relativelv low mean

cholinesterase value for the I dav old bees sampled in November versus

the 1 day old bees sampled in June. One night postulate that thj-s

discrepancy could lie in some qualitative seasonal difference in food

fed to the iumator. "a"r"". Only a detailed d.iet exaruination could

supply arì.srÀrers to Lhís query.

The question of redistribution within the honey bee cholinergic

system r^ras prompted by the courments of Lewis and Fowler (1956) who sug-

gested that aceÈylcholine nay be redístributed via the haemolynph and

reconcentrated in the hind-gut by the action of the malpighian tubules

(i.n house flies). Cholinesterase assays, conducËed in the honey bee

body regions (Table 3.5), do not show any redistribution of cholinester-

ase, but rather suggest a re-synthesis of the same. The drop in head

cholinesterase r¡¡ith tÍne after energence is quite dramatÍc, and may

represent an adaptive advantage with respect to actÍvity. Honey bees

are subjected to a greater nuuiber of stimuli from the envj.ronment and

within the hÍve during the sunrmer than in the winter, and it is plausible
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Table 3.5 Honey bee body region
bees sampled November,

cholinesterase levels measured from
L977

Ilead

Thorax

Abdornen

Sauple

I day old bee

L4 day o1d bee

2I day old bee

old bee

old bee

old bee

1 day old bee

L4 day old bee

2L day old bee

Sample
size

B

6

o

6

I

6

6

Mean soluble
cholinesterase

(mU/rnl)

56 .4L

2"43

5.32

L8.77

9.3

2L.3

13.68

5 .45

o.u)

Standard
deviation

6.44

2.40

8.25

7.79

2.60

2.92

2.40

L.46

3.48

1 day

L4 day

2I day
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that Ëhis change in neural activity is reflected in cholinesterase

1eve1s. Hov¡ever, Figure 3.4 demonstraLes that thoracic cholinesterase

levels of L4 day old bees fall to half the I day old values, but then

rise again in 21 day old bees to slightly surpass the initÍal 1eve1s.

This phenomenon may be of adaptive signifícance in relaËion to heat pro-

duction in the cluster. IE is generally accepted that honey bees

rnaintain clusEer teuperaËure durlng the wÍnter months Ehrough heat

generated by the thoracic muscles, and thís activity would likely be

reflect,ed in increased neural activity. Ifence, the 1eve1s of Lhoracic

cholinesterase increase accordÍngly, while the enzyrue levels in the head

and abdomen remain low due to the lack of demand on lhese regions.

0vera11, iL would appear thaË the honey bee cholinesterase levels

uay be demand dependent, accoumodating the variation in physical activity

frou winter to su¡nmer with corresponding decreases and increases in the

bee enzyme. This would coincide vre1l with what Lindauer (1952) termed

as Lhe abÍlity of the individual bee to respond to the varying needs of

the colony brought abouÈ by any capricÍous environmenËal changes.
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Figure 3.4. Honey bee body region cholinesterase measured from three
age groups of bees sampled November 1977.
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CHAPTER 4

BIRDIS HILL PARK FIELD E)GERIMENT

4 "I Introduction

In Manitoba most wide-sca1e aerial pesticide apptications to conbat

forest pest infestations are carried out in May. Thus, the field test
was organized around a nid-May spray date. Permission was obtained from

the Manitoba Parks branch to conduct a fÍe1d trial at BÍrdts IIí11 park.

located 16 kÍloneEers north of winnipeg, Manitoba. The spray pïogram

was instigated to counteract a forest Eerit caterpillar infestation.
using ¡ualathlon as a contact insecticide.

4.2 Methods

Packaged honey bees were hived into Ehe sixËeen field trial coloníes

on 26 AprÍl, L977, and allowed to settle d.ov¡n for one week before the

addition of marked bees. Frames of capped brood, taken from ove:l¡intered

colonies at the UniversiËy of l4anitoba apiary, r¡rere incubated overnÍght

on 2 May and newly emerged bees were marked. with a colour the following

morning (see Section 3.2.3) . The bees were introduced to the field tríal
coloníes with smoke to disguise unfaulliar odours and thus enhance

acceptance. The marke<i bees were distributed, 160 per hive, with

accepÈance being very good in all cases.

The cages deslgned to contain the honey bees durín the field
exposure requi.red the following: first.ly, the mesh had to be small

enough Eo preclude the escape of the bees and yet large enough not to

Ímpair exposure to airborne pesLicíde; secondly, the cage had to remain

compacË enough to facilitate storage within the co10ny. A 7.6 cm x

5.1 c¡o x 2-5 cm - 2.5 mn mesh vrire screen cage qras designed to fulfi1l
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both requirements. The mesh size gave maximum elposure with no losses

of bees, while the dÍnensions enabled it to be sËored between hive

frames, or under the top lid. These cages were designed with a smell

cork ent.rance on a 2.5 cm face for easy sampling of bees, with a 7.6

cm x 5.1 cmwire-fast,ened foldout side Ëo give a large release surface.

Ïhe cages r¡/ere suspended at a fixed level of 1.0 m from the ground during

exPosure.

The field t,rial experiment was designed t,o examine three facets of

the effects of rnalathion poisoning on honey bees'. The first and more

traditfonal test involved ueasuring the mortality of the malathion-

exposed honey bee samples. The second set of observatíons were be-

havioral in nat.ure, testing the ability of sublethally poisoned bees Eo

return È,o the houe hive. The measurement of honey bee head cholinesteraser

in conjunction with Ehe previous two factors, constit,uted the third area

of examinaËion.

fhe field test r¡ras designed Eo examine the parameteïs of distance,

heighL, cover and age in relation to the exposure time. The heíght

of the suspended sampling cage \¡ras fixed at 1.0n and Che age of the

bees at 14 days o1d. Three sarnpling periods were planned, one hour,

two hours and three hours post-spray, with samples placed in equal

numbers r¡nder tree canopy cover and in arl open field posíËion. The

locaEíon of the sampling cages from the home hives was fixed to the

7-L2m range for al1 time perÍods. A second sampu-ng distance of 23n

was added for Èhe first Ëime period only. Figure 4.1 gives a flovr



JO

Fígure 4.1. A flow chart representation of che honey bee poísoning
monÍEorÍng scheme implemented at BÍrd's Hill Park,
t{ay L977.
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chart representation of the design.

Two sites r,¡ere chosen in Birdts Hill Park to accorrmod.ate the size

of the experiment, one site for a nalathion-exposure test, and a second

for a control . The sites \¡rere separated by a distance of 3 krn. Ttre

hÍves were Eoved into the park on 10 May, l-977 to arlow the bees uo

acclimatize to the new surroundings before the projected 17 May spray

date. Both sltes I¡Iere sufficiently sinllar so that the hives could be

arranged in open fields away from mãture tree and bush cover, yet still
meeting the minimum deuands of tree canopy for the assorted samplÍng

posts located under such cover. AË. each site, hives were posltioned

with enÈrances facing south, east and west and r¡ith a d.j-stance of over

5.0m betrnreen any two hives. The procedure for caging the bees involved

removing marked bees from the fraues using tîreezers and catching the

bee by the hind pair of legs to avoíd injuring iL. rn anticiparion
of an early morning spray, the bees were caged. on the evening of 16 May,

and stored overnight between the hive frames of brood.

The aerial nalathÍon application planned f.or L7 l"Iay, L977 was

posËponed due to windy ï¡reatheï conditions. The spray actually cou¡nenced.

at 1000h 18 May, and everythÍng was readied for the first sanpling

period at 1115h. The caged bees were placed in position in both the

control and exposure sites at 1015h, with three peopre ur,anning both

sites. Those in the nalaËhion-exposure site wore coveralls, gloves,

goggles and masks fitted lrith filLers designed to remove airborne

malathion, in order to mininÍze conÈact r¡iith the pestÍcl.de. The Lreat-
nent site \À/as sprayed at 1115h on 1g May with malathion 50% EC at a

raËe of 5 oz a-i./acre as part of a selecÈíve aerial spray prograu ín
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the park. ConvenËional boom and nozzle spray equipmenË delivered the

m¡lathion mixture in lhe volune of one ga11on of solut.íon per acre.

The saupling uethod proceeded as follows: Each of a totaL of. L4

sampling Posts contaÍned two cages, one with bees to freeze for cholin-

esterase analysis and a second t,o release for a navigation study. The 14

sampling Posts r¿ere divided equally between the control and malathÍon

exPosure siËes. During each of the three time periods, caged bees r¿ere

sampled under tree canopy cover and open field siËuat.ions. Three ad-

ditional samples were taken of unmarked foragers exhibiting erratic and

lethargic behavior at the hive entrances. All stored samples were

imuediately frozen on dry ice (-7OoC) to ensure preservation for cholin-

esterase and residue analysis.

4.3 Results and Discussion

4.3.1 Cholinesterase and Residue Analyses

The field samples were individually analyzed for soluble bee head

cholinesterase by the nethod described in section 3.2.1. Malathion

residues lrere measured in pooled samples of bee Ehoraces and abdomens

from each saurpling post using the gas chromatographic procedure of Grift

and Lockhart (L974) except that the columr was 1.52 OV-101 on Chromosorb

G H/P, L0o/L20. An alkali flarue ionizaËion detector \¡ras used. on a

Varían model 2100 gas chrom¡¿egraph to give nalathion d.etectíon linits

of 0.01 ppu on a one gram sanple of bees. Recoveries of inÈernal

standards added ranged from 87 - L\o% (using flsh liver tissue).

The results for the cholinesterase and malathion residue analyses

of the honey bee samples are shor^m in Table 4.1. The equally low head
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cholinesterase values for the control group and the nalathion-exposure

group makes it exËremely difficult Ëo statistically distinguish becr,reen

the two sauples. Table 4.2 gives Ëhe statistically dlfferent popu-

lations (P<0.05) anong the sample groups, not only showing eleven in-

stances of significance betvreen control and malathion-exposuïe groups,

but also considerable differences wÍEhin the two groups. The obvious

conclusion one can draw from these results would be that the control and

malathion-exposure cholinesterase levels cannot be clearly distinguished

as tr^Io seParaÈe populations. The information obËained in Section 3.8

esËablished that the cholinesterase levels of healthy bees sampled duríng

June and July 1976 measured at 67.8 nU/rnl, a fu11 five rirues higher than

the mean value for the Bj.rd's Hill Park control sauple. These results

suggest that there \^/as contamination in the control site. Hov¡ever, on-

site inspection proved that the pungent malathion odour was readily

detecËable for Ëhree hours post-spray at the exposure site, yet was

Ëot,ally absent wiËhin 1.5 kur of the conËrol area. The results of the

malaËhíon residue analysís (Table 4.1) support this iniËia1 observation.

A composite graph of cholinesËerase and resi.due levels at each indivídual

sarupling Post demonstraËes that the head enzyme values of the control

area sauples were not influenced by organophosphate exposure (Figure

4.2) .

The low values for control area honey bee cholines.terase remains a

lrystery. These could not be directly related to procedural errors and

v¡ere not apparently influenced by test area contamination. A more cou-

prehensive year round examinaËion of the whole honey bee cholinergic

sysËem is needed to provide the necessary insi_ght into this question.
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Figure 4.2. Honey bee head cholinesterase levels measured from twelve
sauplíng posts versus the concentration of malathion
residue found in the thoraces and abdomens of these bees.
All values \^rere taken from bees sampled during an aerial
malathion application at Birdrs Hill park, 1g May, Lg77.
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This phenomenon may be of adaptive significance in relation to heac pro_
duction in the cluster. rt is generally aceepted that honey bees
nainÊain cluster tempera'ure during the r¿inter months through heat
generated by the thoracÍc muscles, and this activity would lîke1y be

reflected in increased neurar activity. Hence, the levels of thoracic
cholinesterase increase accord.íngly, while the enzyme revels in the head
and abdouen remaÍn 10w due to the lack of demand on these regions.

'verall, 
it rvould appear that the honey bee cholÍnesËerase levels

uay be demand dependent' accolmodating the variation in physical actÍvi'y
from wínter to st[IlIIEr with corresponding decreases and increases Ín Ëhe

bee enzyme. This would. coincide well with what Lindauer (1g52) termed
as the ability of the individuar bee to respond to the varying needs of
the col0ny brought about by any capricious enivronmentar. changes.

4.3.2 Release Experiment

The resulÈs of this release experiment r¡/eïe as follows: in five
of the seven exposure sÍLe sampling posts described in sectÍon 4.2, aL]-
caged bees died r"rithin 60 rninuÈes post-spray (with rnarathion sor" EC

sprayed at a rate of 5 oz a.i./acre by conventional boom and. nozzle spray
equipuent) ' rn a sixth cage, rocated in an open field position, one

honey bee survived for 120 minutes after exposure (a11 other bees frou
the same cage had dÍed within 60 urinutes). ThÍs bee was released., buË

it did not reËurn to the home hive r.¡ithin the next 60 ni.nutes. Tne

seventh exposure cage, held under tree canopy cover, had eight bees
remâining alive after 1g0 rnÍnutes. six of these could fly. However,

they did not return to the hive within 60 minutes of release. obser_
vaËions of bee activity around. expos.ure area hive enËrances d.uring the
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180 ninute post-spray period showed. that a large number of bees exhibited
Ëremors. Many were unable to stand, and flight patterns were haphazatd.,

r^¡fËh some bees colliding with fixed objecËs" The survival_ of 13 bees

from the sampling cages, out of a total of just r¡nder 160 is an in-
dicaÈion of the impact of the malathion spray on the foraging popu-

lation.

unfortunately, a proper release experiment r¡ras not cond.ucted in
the control area. only three of the seven samprÌng posts vrere re-
covered through a ruisunderstanding with the samplers; the experÍuenË

required six volunËeers to aid in the sanpling and. it was physically

inpossible for the author to supen¡ise both control and exposure sanp-

ling sites aÈ the same time. Table 4.3 indicates that the recovery of
bees aL the three remaÍning sanpling posts was 502 or less and it coul_d

not be determined objectively how much this m¡y have been influenced by

the inexperience of the samplers. Ret,urns at both control and ex-

posure sites may have also been affected by the inclement weather in-
duced 24 h.our overstay of release bees in the wire cages, alËhough

experimenÈs conducted later in the houe yard suggested this may not

have affected the hornÍng abflitÍes as much as originally thought.
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Table 4.3. Iloney bee release experiments conducted during the aerialapplÍcation of nalathion in Bird?s HÍll park, l4ay, L977

Tirue during
Bee which bees Total Totalage Treat- returned bees numberExperiuent Date (days) ment to hive returned. returning

BÍrd's liill
Park LB/05/77 L4

60 ruin. ConËrol 60 rnin . 4 z
site

120 nin.

180 ¡ún.

Control rl

site

Control tl

site

84

83
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CHAPTER 5

HONEY BEE RELEASE E}PERI},IENT

5.1 InÈroduction

rË has been knovrn for a very 10ng time that the survíval 0f a honey
bee colony rests wÍth its ability to collecË food from the environmenr.
This abiliËy is inseparably tÍed ro the navigatíon skil1s of the honey
bee and the aim of thís experiment r^ras to determine the effects of bee

exposure to malathion on such skills. rf successful, this sinple measure-
ment could províde clues to another possible facet of influence of
organophosphates on the life of the bee.

5.2 Methods

The release tests were cond.ucted as follows: honey bees of the
selected age group were collected in 7.6 cm x 5.1 cur x 2.5 cm cages
(2.5 m mesh wire screening) and chilled to inactivity (about 5 minutes
at 4oc). The bees were then treated with 2.0ut of the rnalathion
solution, applied by micropÍpette to the intersegnental area between

head and thorax- The bees were iumediately d.ouble-marked with paint on

Ëhe abdonen for identification and returned to the cages for a one_hour
recovery period. one hour later, the caged bees were praced on site
and released at a constant height and. d.istance from the home hive
(1.0 u high x 5.0 u from Ëhe hive enrrance).

Returning bees v¡ere visually identified
this information vras recorded in reference to
release of the bees.

at the hive entrance and

tine elapsed since the
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conducted in good flying weather (rninimum tem_

light breezes).

5"3 Results and Discussion

The results of the home yard release experinents, held at the

UnLversity of l4anitoba apiary during the sunrmers of L977 and l97g are

recorded in Table 5.1. firere is a slight dÍfference between control and

nalaÈhion-exposure groups for the L977 rerease experiments, perhaps due

to smal1 sauple si-ze. Accordingly, the sarnple size was increased during
the 1978 release experiments and the results (Table 5.1) show propor_

tionately higher returns iït conËrol samples versus Èhose treated hrith

malathion. All home year experiments vrere cond.ucted using r^rater as a

contror and a 1:500 malathÍon-T¡IaLer mixËure as Ëhe exposure dosage, both

delivered aË rhe raËe of 2.0 u1 per bee.

statistical relevance is rerated to sample size and a rnajor drav¡_

back of the home yard release experiments was the lirnÍtation on numbers

the technique imposed. Trial and error indÍ.cated thaË 60 honey bees

would be the mexÍmum release sample per sampling perrod. The sublethal
dose was chosen to explore a range which arlowed exposed bees to home,

yet to demonstrate some impaÍrment of the honÍ-ng ability. No mortariËy

r¡7as ever found wiËh bees treated with the 1:500 rnalathion-water emulsion,
yet disorientation was evident. Tnis kfnd of behavior could well be

related to the Bird's Hill Park situation in whÍch malathion was sprayed

by aircraft on site. A honey bee flying through air containing rnalathion

droplets could conceivably encounter the same impairment of the homing

ability found in topically treated samples.
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Table 5.1. Honey bee release e:çerinents conducted. during 1977 and, r97g

E:rperiment DaEe

Bee
age

(days) TreatrnenÈ

Tlne during
which bees Total
retunred bees
to hive reÈurned

Total
nunber

returning
ilome Yard

lrial I
TrÍal 2

IIoue Yard

TrÍal I
Trial 3

Trial 4
t-ñât \

Iloue Yard
Tr.i ^1 1¿r44¿ !

'.fl-.'- 1 
'LLLéL 1

I{ome Yard

Trial 1

Tri¡l t

IIone Yard
1--'^1 1¡¡¡4¿ !
Trial 2

Ilone Yard

!¡¡ê¿ !
îr-i ^1 aLLL4L L

Trial 3
lriaI 4

ilome Yard

'r-¡ ^1 1rÀ¡4¡ !
.F,{-1 .)
¡t¿e¿ ¿

Trial 3

Ilome Yard

Tri ¡'l 1

Trial 2
Trial 3

I{ome Yard

Trial 1
Tri:1 )
Tri rl ?

Trial 4

26 /A7 /77

02 /08/ 77

09 /08/77 L4

l-8/08/ 77

22/08/77

09 /08/78 z8

L0 /08/78 28

LL/08/78 28

Water control
I,Iater control

WaËer control

1:500 nalathion
T¡Iater exposure

[.IaËer control
1:500 nalaEhion
-l"Iater exposure

Pollen gatherers

Water control
I :500 rn¡lathion
-Water exposure

Pollen gatherers
Water control
1 :500 rnalarhion
-Water exposure

Water control
1:500 rualauhion
-l,later exposure

I"Iater conErol
1:500 malarhion
-Water
exposure

I^Iater conËrol
1 :500 nalathl.on
-[,Iater e],cposure

Itlater eJ{Posure
1:500 nalathion
-tr{ater
exposure

L4 20 nin.

20 uin.
It

It

It

60 nÍn.
tl

81 uin.
?l

60 niu.
tt

60 nl.n.
tt

tt

tl

60 uin.
tt

tl

ll

60 uin.
tt

tt

60 min.
tl

lt

tt

18
15

1)

1'

I

18

15

't

¿t

,

L2
8

ì
5

5

5
6

6

l.J
6
7

8

9

6

6
7

11
9

L6
11
15

11
9

6

l1
1

6

J-)
16
15
l3

t3
L4
11

L2
13
L4
13

L2/08/78 28
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CIIAPTER 6

OBSERVATION HIVE BEHAVIORAI, E)GERIMENT

6.1 Introduction

The lÍterature contains liËËIe or no data relating to the behavioral

changes which honey bees undergo within theÍr hive when poisoned with

malathion' nor about the behavior of hive bees Ëol^rard bees poisoned wíth

this insecticide. The research contained \,/ithín thÍ,s Section attenpts

to provide info::mation about these tl¡o aspects of bee behavf,or.

6.2 Methods

Behavioral studies were undertaken using four single-frame glass-

walled observation híves placed l.0m above the ground; these allowed one

to observe the bees under natural conditions. Drifting and loss of bees

\^ras minimized by arranging the observation hi.ves 3.0m apart and. facing

the entrances in different directions.

Each hive contained abouË 600 worker bees, a few d.rones, one mated

queen' brood of mixed ages and stores of pollen and honey. Newly

emerged bees were uarked with paint and introduced i,nto the observation

hÍves at various intervals to provid.e for a sequence of aged bees (see

SectÍon 3.2.3) .

The meLhod for poisoning bees was as follows: a manually controlled

rricroapplj.cator, with a 2.0u1 mícropipette, $ras used. Eo deliver the 502

EC malathion-water solutíon between the head and Lhorax of each experi-

mental bee. This: area r¿as chosen for ÍÈs peneabilÍty and its location

betr¿een the well-innervaËed head and thorax. The malathion-vüater

solutions vrere prepared as per section 3.2.4, using \,rater as a diluant"
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Control hees treated with. h¡ater only or with nothing.

In order to Eeasure behavioral changes due to poisoning we uust have

a dependable ueans of recording bee hehavior. Thus, the behavior of the

bees r¿as measured both in relation to Ehe kind of activity undert.aken as

well as the duration of the activÍty. ThÍs was accomplished by patient

observation of the bees' behavior along r,/ith the use of a Ëape reeorder,
prepared charËs showing possible behavioral patterns and a stopwatch.

observations Íncluded the behavior of both the poisoned bees as r,rell as

the responses of the hive bees. to the poisoned bees and were usualry

carried ouË berween 0900h and 1600h.

It is not difficulE Lo follor¿ an individual bee in a glass-walled

observation hive provided that the bee has been clearly ma¡lçsd with
paint on its thorax or abdomen. OccasÍona11y problensr occurred eiËher

when a bee passed beneath a cluster of bees or when iË moved along the

top or bottom of the frame.

several experiments vTere conducted as outlined belov¡.

An initial Ëest was done to determine if different concentraËÍons

of malathion applied Ëo bees resulLs in death at different rates.

Malathi.on was míxed with water ín the volume relatÍon of l:1, l:50,.
LtL25, Iz25O and 3.5:500 to give the treatTuent concenLïatioris. A toËa1

of 10 bees (ages 7,9, 10, 11, 19 days) were tïeated witn 2.0u1 of

the treatuent mixture. The bees were observed to deterrrine anv behavior

peculiar to the poisoning process.

The "normal" behavior of the hive bees (i.e. untïeated bees) was

det,ermined by observïng narked bees of six <iiffeïent ages (i.e. g, 10,

11,13, 15 and 16 days) for a toËal of 668.62 min. The bees'activities
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r¡rere SuD¡trarj-zed under various categories (see Table 6"1).

Another test involved treating bees of various ages (i.e. 7, 
.9, 

LO,

11, 14, 15, l8 and 19 days) with 2.0u1 of Ëhe rualathion-water &ixrure

previously mentioned (i.e. 1:1, 1:50, LzL25, l:250 and 3.5:500). Thelr

subsequent behavior r¡ras then sunmarized under several activity categoïj-es

(see Table 6.2).

To deternine Íf a sublethally poisoned bee w:il1 exhi.bit behavioral

changes over a period of 3 days a bee 7 days of age r¡ras treaËed with

2.0U1 of a l:500 rualathion-water mixture and iËs activity (along with

that of a r^rater-treated control bee) was observed for two days post-

ËreaËment.

Finally, to deternine if the grooming of a poisoned bee by other

hive bees rnagnifies the inpact of a pesticiCe the follov¡ing t.est. v,/as

done. A 9 day old bee was administered 2.0u1 of a 1:1 rnalathion-v/ater

nixture (see above) and introduced to an observation hive where its,

and the other bees. activities r¡rere monit.ored.

6.3 Results and Discussion

The results are shovm ín Figures 6.1 and Tables 6.1 to 6.4.

Organophosphate poisoning in the honey bee, as with any living

creature, is usually accourpanied by syrnptoms of systemíc dístress.

Tremors are seen as a geÍì.eral body response to organophosphate intoxí-

cation, and malathion does produce this response ín honey bees. There

are, however, certain other physical rnanifestations of the internal

poisoning process quite predictably present in letha11y treated bees,

as borne out by my observations. These are (i) the loss of Íntegrated
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Figure 6.1. Malathi-on-r¡rater ratio used in the 2.0 ul sample versus
Ëhe time taken to produce death Ín the honey bee.
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motor control' (ii¡ the tucking under of the abdomen, (iii¡ the pararysi_s
of the mÍddle 1eg pair, (iv¡ the final knockdor,m (i.e. the poin,t after
which the bee cannot rise, (v) the paralysis of the hind leg pair and
(vi) the paralysis of the front reg pair. The first symptom, the loss
of Íntegrated motoï control, is often not discernible without careful
scrutiny' rn a moving bee it is, Ëranslated as an awkward, unsure move-

'oent' Ïhe seeond syuptom, the tuckÍng under of the abdomen, marks Ehe

poinË of "no retuïrl" for a poisoned bee, meaning no bee extribiting this
symptom ever survived the poisoning. Ttris sympEom usually occurs before
or at the time of the fÍnar knockd.own, depending on the concentratj.on of
uralathion applied, and always preceded other sympton* of paralysis.
The paralysis of the roiddle pair of legs usually happened just before
or after the final knockdovm and arways before the pararysis of the
other leg paírs. The symptom of hind leg pair pararysis is the next
physieal manifestatÍon of poisoning, fo110wed by the paralysis of the
front leg pair. This latter symptom ís usually indicaËive of totar body
paralysis, which always resulted in death for the bees observed. con_
sequently, it i.s taken as the t.ime of death of the honey bee.

The syrnptoms presented in the previous paragraph are listed roughly
in the order of occurrence, arthough several nay appear at once depend_
ing on the concertration of uralathion used. Table 6.4 deuronstrates the
kind of time relatíonship between the symptoms that can occur and the
concentrations used. The measuremenËs for a 1:1 rnalathion_r¿ater appli_
caËÍon tend to show Ëhe abdomen tucking under, the middle legs under_
goíng pararysis and the final knockdovm all occurring at once, whereas
a 3'5:500 dilution shows a spread of 13-14 r¿inutes between these symprous.
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A bee may undergo several apparent knockdor4/r¡.s, recovering to cliub the
conb once Eore; hence, the term fÍnar knockdo$m must be used. to desig_

naËe the point of no recovery of co-ordinated uotor facilities. The

amount of pesticÍde applíed usually deterui-ned if the honey bee would

undergo one fatal knockdown, or several knockdoÞrn recoveries before
demonstrating Ëhe inability to recover. The general trend seen in
Table 6 '4 ar.d supported by al1 observations i.ndicates that Ëhere Ís an

order in the sequence of rnenifsst,ations of physical distress in a

malathion-treated bee, and that the swifËness \^rith which these sympcolns

appear depend on the concent,ïation of pesticide applied. perhaps this
poÍsoning sequence is indÍcative of the progress of the neurophvsio-
logical poisoning process.

rn the malathion-water ruixture trials the lowest mixËure resulting
in the death of bees occurred with a malathion-r¡rater rnixture of 3.5:500
(0.014u1 of rnalathion 5OT" EC ín a 2.0u1 dilution). No mortaliries r¡rere

ever recorded for a r:500 nixture (0.004u1 of marathion 50% EC in a

2'0u1 dilution), indicating that the Ëoxícological rhreshold of mara-

thion produei'ng death in the honey bee (usÍng the application techniques

outrined in section 3.2.4) lies betr¿een thes.e tr^ro concentrations.

The obse:r¡aÈions relating to untreated bees showed that g2 .0% of
the beesr time Tras spent wandering or stand.ing o, the frame. There was

also a shift with age tor¡rards cleaning er'pty celrs and buirding new

ories. slight increases in trophyraxis and self-grooming arso appeared

with age

During the 259.82 rnin. that malathion poÍsoned bees were observed,

only 31.7% of the time úras spent in wandering or standing in the frame.
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ïhe poisoned bees spent the greaËesË amount of time (42"77") in serf_
grooming. A suall, but higher amount of tÍme was spent in trophyraxis
and grooming dances among the poisoned. bees compared to the non_pofsoned
ones. of interest is: that poisoned bees subnitted for cleaning by other
bees for L4'22 of the observaËÍon period. I^Iater-treated conÈro1 bees
do not undergo Ëhe series of behaviorar changes obs.erved in the mara_
thion treated bees. However, three other categories invol.¡ed loss of
motor control; the poísoned bees und.enrent body trenors for \.0"/, of
the total time, vÍgorous erratic 1eg tremors for 4.37" of. Ehe zsg.gz
minute total and vigorous Elovement of Ëhe front regs for onry 2.7% of
Ëhe total period measured.. Two additÍonal categories recorded mis_
cellaneous instances of fanning by the poisoned bee and fann'ng by other
hive bees directed, towards the poi-soned bee.

A general examinat,ion of th. "ft."t of age on the reaction of the
bee to malathion produced d.Ífferences in tÍme spent on certain activities,
but the m:in activities stí11 occurred within the same caËegories for
bo.h age groups. Divided into a younger group (i.e. 7,9,10, 11 days)
versus an older group (i"e. 14, L5, 18, 1g days) it can be seen that both
groups spenË a similar amount of time (32.0"Á versus 3r.0"Á) wandering
and standing in Ëhe fraue (see Table 6.2). The tr^ro groups differ narkedly,
hor¿ever, in the amount of time spent in self-grooming (27.5",1 versus 5L.2"Á).
There was also a d.ifference in time spent submittÍng to be cleaned by
oËher hive bees, between the t\,/o groups, wi'h the younger bees engaging
in this behavior Lg -5"Á of the tÍme compared. to Lr.3T" for the older
grouP.

The acLÍvÍries (see Table 6.3) of a sublethally poisoned bee and



60

a water-treated contror bee forlow. on day r (treatment day), the mala_

thion-treated bee spent 44.5"/" of its time wandering and standing in the
frame versus 80.6"Á of ttr-e time for the control bee. The marathion-
treated bee was involved in self-gïoomíng over twice the amounË of time
spent by the conErol bee (36.47" versus L6.5"a). However, on day 2 a,,d.

day 3 the malathion-treated bee returned. to "normal,, hive duties, wÍth
a minÍuum amounÈ of activity spenE on self-grooming and. wi¡h no attenti.on
(versus L7.L"/: of the time on day r) being paid by other hive bees. The

control bee r¿as arso engaged Ín "no::rlar" hÍve activities.
T'he reactÍon of hive bees to a lethally poisoned bee ráras as follows.

The 9 day old bee treat.ed s¡Íth the l:1 nalathion_T¡rater mÍxture r¡¡as in_
troduced to the observation hive and died 7.30 nin. raËer; at that point
another híve bee attenpted to remove it from the híve f.or 4.30 rnin.

several other hive bees also attempËed to remove the bee and each of
these bees engaged in trophylaxis with other bees after failing in Ëhe

aËtenpÈ. One such bee was m¡rked (f9.70 minutes after the death of the
originally Lreated bee) whÍ1e it atternpted for a period of one minuce

to reuove the bee. sixËy-seven minutes later that same narked bee was

exhibiting synptons of severe malathion poisonÍng, with tremors, 10ss

of motor control and tucking under of the abdomen. In another inscance,
a bee, which had engaged in trophylaxis for 4 seconds wi'h the then-
living orÍgi-na1 poÍsoned. bee, showed signs of tremors and erratic be_

havÍor 13'5 ninutes later and died 22.5 ininutes after the initial conract.
The overall Ímpact on Ëhe hive was reflected tn the ¡nortalities 55.0
minutes after the death of the original malathion-Lreated bee; in the
tesË hive there r¿ere 78 newly killed bees, veïsus no morËar_ities ín a
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control hive. This experiment ï¡ras a replicate of a preliminary experi_
uenÈ done on I september rg77, which produced. a simÍ1ar nunber of kil1s
(t tZO¡. The practical inplicatfons of this experiment may be questi-oned
due to the relatÍvely high pesti.cide concentration (1.0 ul of nalathion
50"/" EC actually applied i.n the 2.0 pl dilution). Neverrheless, rhe
princÍple remains Ehat reËurning pestlcide-exposed forager bees are very
capable of Ínadvertently contaminating other hive bees through social
interactÍon.
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CHAPTER 7

SI]MMARY AND CONCLUSTON

7.I Honey Bee Cholinesterase

The investÍgation of honey bee cholinesterase provides some very
interestíng infortation concerning the distribuÈion and importance of
thís enzyme in the bee. rt was found. that the rnajority of the detect_
able Eotar body cholinesterase of a honey bee newly emerged from its ce11
lras contained in the head. The mainËenance of this high head enzyme

level seen* to depend on the month of the year the honey bee emerges.
rn months other than the June-Ju1y perÍ.od, honey bee head cholinesterase
was discovered to decrease 1n abundance with age, reaching a level 0f
25% or less of energence values by age 21 days. Honey bee thorax
enz)rme levels r¿ere found to be measurably higher than abdomen 1evels,
with both body regions containing an average combined value on 37.Á of
the honey bee body total, on emergence. The emergence levels for these
fwo regions r¡rere seen to decline with age in November sampred bees,
although not as markedly as the head enzyme 1eve1 drop. At age 2r days,
the thorax cholinesterase values for Ëhe November samples \^ras noted to
return to emergence levels, perhaps as an adaptive response to the need
for cluster warmth, by increasing thoracic muscle activity.

Honey bee brains r¡'ere measured for cholinesËerase as an alternative
to bee head cholinesterase analysis. The brain cholinesterase assay r¡/as

discontinued due to the need. for a símple, swift means of analysis,
features not present due to the time-consuming brain dissections. Honey
bee head protein ÏIas ueasured along with head cholj"nesterase in an effort
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to reduce the sËandard deviation of Ëhe enzyme analysis, but the results
demonstrated that the protein measurement $ras not effective in this re-
specË and the cholinesterase remained to be expressed in ¡nlr1i units
of soluble head cholínesterase activity per ruillfliter of bee head homo-
genate' Bees sampled during Èhe June-July period were found. to maintain
e'ergence head cholinesËerase 1evels for the four age periods measured
up to and including 21 day o1d bees. preríminary poisoning experiments
conducted on bees from the same period shov¡ that malathion Íntoxication
can be demonstrated analytically as a depressíon Ín honey bee head
cholÍnesterase' This depression is related. to the amount of malathion
applied.

7.2 Birdrs Hill park Field. Experimenr

ïhe Bird's HÍrl park field experiment demonsrrates that honey bee
col0nies can be adapËed as a measurÍng toor in aerial pesticide appli-
cations' A cornbinaËion of honey bee head cholinesterase measure'ents
and residue analysis on caged bees taken from a control and an exposure
area cou-r-d provide evidence for or against organophosphate intoxicaËion
of the bees, be it accidentar or othe*¡ise. This type of measurement
could prove invaluable ín assessing the impact of organophosphate sprays
(or other i'nsecticide sprays) on non-Larget organisms, a t.oo1 v¡hich is
much in need during widescale aerial pestícide applications.

Further research on this subject should include behavioral studieç.
The topic of honey bee drift resulting from d.isorienting influences of
pesticides nay easily be assessed using hives arranged one meter aparr
in sÈra'ght rows in both control and exposure areas. A suggestion of
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three replicates Per treatnent should secure enough daËa to connenË orl

any difference in drifting trends berween control and exposure areas.
The behavior of híve guard. bees shourd be exauÍned, particularry in
response to incouing poisoned bees. using the experimental techniques
as a monitoring t.ool 0n1y, the whore operation could be reduced to three
or four hives per siËe. considering the honey bee corony as a portable
biological unit containing creatures with instÍnctive homÍng natures,
one can envision a multitude of research possibilities, with inplications
overlappÍ.ng into many other fields of knowledge.

1.3 Honey Bee Release Experiments

The design of the release program v/as to detennine Èhe concen-
trations of malathion r,¡hich would a1low the bees to f1y, yet stíl1 per_
mit Ehe pesticide to exert some toxicological influence. This sublethal
range was for:nd ro lie between 0.004-0.014 u1 of mararhion 50% EC

delivered topically ín a 2.0 ul v/ater dilution to the membranous area
beËween the head and thorax. Honey bees treated with sublethal d.osages

in this i'anner did not returrl Ëo the home hive as consisËently as the
control treated bees. This was evident even in the case of pollen
gatherers which wourd have been well orienteci Lo the home hive.
Malathion, in sublethal d.osages, appears to cause irmed.iate disorj_en-
tation in the honey bee, affecting houing abilities for shorË periods
of Ëime, possibry even. resulting in drifting in sone cases. on site
fogging of malathi.on at a rate of 5 oz a.i./acre, aerially applied,
results in the death of most directly exposed honey bees, Ì^/ithin one

hour. Honey bees released after the aerial applicat,ion of rnalathion
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did not return to the home hive within 60 mÍnutes.

7.4 Honey Bee Behavior

The investigation into alteraEions in honey bee behavior Índuced

by contacË l^riËh ualathion, produced some interesting results. The honey

bees r¿ere shown to shift acËiviËy to self-groonlng from other hive

acti-vi-ties irmediately after application of the pesËicÍde. Several un-

conmon pesticide'-related behavioral changes also occurred. A 1ethally

poisoned bee ¡¡as seen t.o undergo predictable symptorns of poi_soning; loss

of inËegrat,ed Botor control, tucking under of the abdomen, paralysis of

the niddle 1eg pair, final knockdovm, paralysis of the hind leg pair and

paralysis of the front leg pair. The symptoms always occurred in this
order, wiËh Ëhe length of tirue between the appearance of successive

symptoms related to the amount of pesticide used. :.å. very interesting

discovery to corne from this work was the observatíon of other hive bees

intent on cleaning the poisoned bee. The poisoned honey bee was always

seen to submit to be cleaned for several n_inutes aE a time, an action

which v/as not the habit of control bees. I¡Ihen the tendency of hive bees

to clean a poisoned bee r¡ras routinely test.ed by treaËing a single bee

r,¡ith 1.0 Ul of malarhiorr 50"Á EC combined with 1.0 Ul of water, rhe

observed impact on the hive was startling and. unexpected: although the

poisoned bee r¿as cleaned by fewer Lhan tvrenty bees before death, within
fifty-five minutes post,-mortem over seventy other bees díed with

obvious organophosphate poisoning symptoilrs. Ttre eighteen hour total

rose to one hundred and fourteen deaths, excluding the original poisoned

bee. The inplicaLions of findings such as these are far reaching, when
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considered in the conËext of an aerial spray program.

Research into the effects of pesËicide poisoning on the honey bee

colony behavior demands further investigaËion. The influence of various

kinds of pesÈicides on the bees can be documented in relatÍon to one

another using Ëhe techniques described in thís thesis as a guide. This

kind of investigation can go beyond the general kills-versus-no kills
neasuremenE that is traditionally used to measure honey bee response to

a pesËicide, and delve more intensely into a rnajor area of ind.irect in-
fluence, Ëhe workings of the hÍve it.self .
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Appendix A. Iloney bee brain
vidual samples

/L

cholinesËerase levels measured from indi-
taken during late May and rnid-June, 1975

Sample
period

llay 27

r)

12:40 hr

Soluble brai.n
cholines terase

(nU/u1)

45.8

59 "2
81" 8

64.9

5B "0

Sanple
period

l"'l,ay 29

LL)

10:30 hr

Soluble brain
cholínesterase

(uU/ul)

101

ot c
JL.J

72 "7
44 "6
85 .3

Brain
sample

1
I

2

J

4

5

Brain
sample

1T

2

J

4

5

I{ay 27

TT\

12:50 hr

1

2

J

5

55 .0

28.6

30 .6

54.3

2L.O

June 16

L)

11:00 hr

1

2

a

5

88. B

L28

155

:'J.¿

+l-. J

May

13:00 hr

)R

r)
1

2

J

5

36 .0

5r.3
30.7

35.7

42.I

June 16

TT\

11:10 hr

106

r06

119

113

56.0

¿

2

J

4

5

NIay 28

II)

13:15 hr

June 16

III )

12:00 hr

109

96 .0

113

73.0

64.9

1

2

3

5

78.7

47 .0

55 .1

78.0

32.8

1

2

J

5

l[ay 29

L)

10:15 hr

77 .7

97 .6

57 .5

LO2

86 .5

June 181

2

a

5

1

¿

3

5

116

L¿O

128

153

64.6

12:00 hr
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Appendix B. I{ead cholinesterase values for one day old honey bees sampled
during June-July 1976

Sample

1

2

+

5

6

1

8

9

10

1l
L2

t3
L4

15

L6

L7

18

19

20

21

22

24

25

26

27

Soluble head
cholÍnesterase

(nU/m1)

65 .5

ot ")
65 "5

77 "3
7r.7
62.2

68.9

69 "4
69.4

49 .8

7L.7

86.2

70 .0

7L.7

s9.4

59 .9

60 .5

76.2

39 "2
/- õo/.ö

76.7

77.3

85.7

6L.6

.80 .6

Sample

28

)a

30

31

32

33

34

35

36

JI

{x

39

40

¿+l

L+¿

44

45

46

47

48

/,o

50

51

52

53

54

Soluble head
cholÍnesterase

(mu/m1)

,t"
67 "8
67 .8

t/"J

73.9
7?O

BL.2

^7 
'.)

73.L

63"3

62.4

o0. )

60.2

60 "2

69.0

61.1

55.6

69 .8

62.2

70.3

66.r
63 .1

73.2

69.0

66.8

58.9

56.9



Appendix C. Head cholÍnesterase values for seven
sanpled during June-July 1976

day old honey bees

Sample

1

2

J

+

5

6

1

8

9

l0
11

t2
13

I4

15

76

L7

18

19

20

2T

22

Soluble head
cholinesterase

(mu/n1)
,F1+) .4

73 "4
47 "0

^to
63"8

59 "2

63"8

60 .1

80. 7

6r.4
7 4.3

74.0

58.2

54. 8

74.9
7a cI J.J

69.8

7t.L
54.4

83.5

82.2

Sample

23

24

25

26

27

28

29

30

31

J¿

JJ

35

36

38

39

40

4L

4¿

+J

44

Soluble head
cholinesterase

(uru/m1)

79 "2
62.3

76.4
a- .tt.o

79.9

80 "2

84.2

76.L
-a 1/ o.l

77 .3

oJ. )
9,'1, )

80.8

59.9

7 4.6

7 3.L

48 "3

59.9
1^^

81.5

7r.4
68.9
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Appendix D. Head cholinesterase values for
sampled during June-July I976

fourteen day old honey bees

Sample

1

2

5

5

6

7

8

9

10

11

L2

IJ

15

1b

11

18

19

20

2L

22

23

Soluble head
cholinesterase

(mU/nl)

70.2

7 4.5

74 "8
76.8

55.7

85 .4
11 q

69 "7
68"9

/ö.)
70 "s
56.1

63.3

51. 3

63.6

56. 3

46 "6

70. 3

63 .6

70 "9
72 "5
63" 8

47 .3

Sample

24

25

26

27

28

29

30

31

JJ

34

35

Jb

37

Jö

39

40

44

45

4I
/,1

+J

Solub1e head
cholines terase

(nU/m].)

67 .2

63 "6

62.9

59.2

48.3

65 .0
h\ {

49 .6

54. 8

62.4

79.5

64.9

77 .6

66.8

68.9

59.1

6s .1

95.4
QO?Vt . J

7qR

81.4

68. 1
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Appendix E. Head cholinesterase
bees sampled during

values for twenly-one day old honey
June-Julv 1976

Sample

I
2

J

5

6

8

9

10

11
II

L2

IJ

L4

15

L6

L7

18

Sample

19

20

2T

22

ôa¿J

') /,

25

26

Soluble head
cholinesterase

(rnu/ru1)

78 "2
57 "9
1)1

75.8

6L"2

60"5

64 .4

54 "9

66.9

66 .4

64.7

65.6

tJ.ó
r< x

66.6
t^ 

^+ö. ¿

68.4

85 .0

27

28

29

30

31

5¿

JJ

34

35

JO

Soluble head
cholinesterase

(rnU/u1)

64.4

58. 3

79.8

64.0

76.L

63.5

54.L

63.5

66.0

64.4

64.9

64.4

58.5

o/.r
66.6
7l\ 7

7L.6

55 .1
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Appendix F. Gholinesterase values of fourteen day old honey bees frozen
for a 48 day period before assav

Standard

Sanple
II

2

a

L+

5

6

a
T

8

9

10

11

12

13

L4

15

I6
L7

x
deviation

Soluble head
cholinesterase

(mu/ml)

,^ "-
65"53

88.19

73.39

67 .20

80.74

63 .46

30.18

83.24

44 "6r
49.5L

76.34

36 .47

69.92

7L.98

68"46

83.87

65.8
16 7



Appendix G. Head cholinesterase
vrith nalathion 502

77

2L day old honey bees t.reatedlevels of
ÞL

Sample
1I

2

5

tt tl

Malathion :T¡rater
concentration

Control (water only)
It il il

ft il

Soluble head
cholines terase

(nU/ru1)

76.35

52 .46

53 "27
55 .35

53.27It

It

It

I

2

a
J

5

1 :500
tl

It

n

ll

tl

50 .09

55 .35

44.42

5L.26
Lc, 1','

55 .77

I
2

J

5

6

l:50
It

tt

It

tt

ft

22.06

17 .27

LO.JI

2.74

7"80

4.24

1

2

a

I

5

6

1:5
tl

rl

tt

il

tt

0.07
2 1/,

6 "77
0.66

0.66

0. 36

1

4

5

6

't.'l

l?

t1

?t

It

lt

11 .03

L8.64

18.30

12 .10

8"83

11.89



Appendix II. Soluble head
ages sampled

cholinesterase levels
durÍng Novernber 1977

7B

of honey bees of different

Sample

! s4J

I

2

3

4

5

6

1

8

9

l0
11

L2

Mean

SD

Sample

L4 day

1

2

J

5

6

8

9

10

11

L2

Mean

SD

Soluble head
cholinesterase

(mU/nl)

49 .73
, a aa4¡O"O/

52.77

40.84

42.44

42.93

4r"32

52.L9
,/ a-+o.o I

40.o/

50 .47

51 .99

47 .06

4.40

Soluble head
cholinesterase

(mU/ul)

13. 89

16 .93

20.54

B .16

L3.47

8.27

0

2.95

5 .84

9 .08

0

L8.72

9.82

6 .98

7 day

1

2

J

6

1

8

9

10

11

12

Mean

SD

30 .95

5i.80
35.L2

39 "74

29.36

33.28

24.8I
45 "97

32 "L7
26.55
10 't/,

57.88

35 .61

11 .33

2L day

I
2

J

6

7

8

9

10

11

L2

Mean

SD

6.22

0.39

0

7 .22

L.37

4 .43

4.53

5.r2
7 .L2

4.53

5 .92

5.L2

2.46
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Appendix I. Soluble prot.ein and
using the head of a

cholinesterase assay replicates measured
one day o1d honey bee

ReplicatÍon

I

2

J

5

6

Mean

SD

CV

Soluble head
cholinesterase

(nU/nI)

)L.¿t

54.54

52.78

49.25

5L.27

)r.b/
at x

L.76

20/
Jto

Soluble head
protein
(te/ml)

0 "56

0 .59

0 .61

0.58

o "57

0 "50

n q?

0 .04

10/

Cholinesterase +

protein
(uU/rng)

9r.6

ot /,JLà+

õ/ êÕo.)

84.9

89.9

103. 3

97.4

t/"
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Appendix J. Statistical comparison of
four honey bee age groups

head cholinesterase levels for
using an unpaired ttttt tesÈ

Age of honey
bee samples

1 day

7 day

Sanple
size

S tandard
deviation

8 "23

10.41

n 01?

54

44

x

68.0

69 .8

p

<0.4

1 ¡7av

14 day

54 68.0

67 "0

8 "23

r0. 86

0 .490 >0 .5

! qéy

2I day

54

JO

68.0

66 "2

R 
'?

7.88

1 .03 <0 .4

t sdy

¡T uéy

44

45

69"8

67 "0

10.41

10"86

L.23 <0. 4

7 day

2L day

44

36 66 "2

10.41

7. 88

<0. 1

14 day

2L day

45

JO

67.0

66 "2

10"86

7"88

0.390 >0 .5
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Appendix K- Soluble bee head cholinesËerase leve1s t.aken from bees
sampled May 18, 1977, during an aerial m¡lathion
applÍcation at BÍrd's Hill park (BHp) with rhe adiacenr
number Índicating the sampling site

S¡mn1 o

BIlP-l: 1

2

IJ

4

5

6

1
I

I
Mean

Standard deviation

Soluble head
cholÍnesterase

(nU/rnl)

L.02

L.66

2.t6
L.32

0:l

0*

41.89

0*

).4t
L3.7

Sample

BHP-3: 1

Soluble head
cholinesterase

(rnU/rnl)

9.r0

1

2

J

5

6

7

I

1

¿

J

5

6

1

8

I
2

3

4

5

6

1

8

9

0*

0.03

0*

17 .52

U,.

0/r

0:t

1.95

5.84

10.40

L.67

14.92

1 .18

4.53

8 .65

20"00

11.59

10.81

9.3

o.l_

BHP-4:

9

Mean

Standard deviation

BHP-2:

Mean

Standard deviatíon

BHP-5:

9

Mean

Standard deviation

8. 78

r.27
I"I2
1 1<

8 .16

4 "30
0?i

2.90

4 "20

3"3

Continued
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Appendix K (ConËinued)

Soluble head
cholinesterase

Sanple (nu/ul)
BHP-6: I LI.74

2 7.64
3 L4.06

4 rI "22
5 l.o+
6 11.53

7 B"O4

8 6.73
9 6.13

Mean 9 "40
Standard deviation Z.g

BHP-7: 1

2

,l

5

6

1
I

B

9

Mean

Standard deviation

16.9s

L9.87

26.92

18. 89

15"39

L4 "57
L4 "95

L6.84

11"50

L7.30

4"4

(ann1 avs¡gP¿e

BHP-8: I
2

J

4

5

6

a
I

8

9

Mean

Standard deviation

So1uble head
cholinesterase

(uU/m1)

3.65

6.98

3.90

28.68

L8.79

L6.40

31. 83

5 .03

4.38

13.29

11 .1

Bh?-9: I
2

IJ

fl

5

6

1
T

I
9

Mean

Standard deviatíon

12.82

4.39

5 .39

15.03

s .98

J. 4U

3 .40

2.42

0 .95

5 .98

4.8

Continued
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Appendix K (Conrinued)

Soluble head
cholinesterase

Sample (raU/ml)

BHP-10: 1 4.24
2 6.23
3 2.81
4 6.50
5 15.65

6 5"01
7 7.OO

8 q.oz

9 8.00
Mean 6.6L

Standard deviation 3.8

BHP-ll:

Sample

BHP-12: I
2

3

/,

5

6

-7

8

9

Mean

Standard deviation

Soluble head
cholinesterase

lmTÌ /m l \

L4.76

16 "22
s7.08

3 "68
5.28

2\ 7É,

10.36

l-5.78

76 "66

J-Õ. JJ

18 .3

2

J

5

6

I
9

4 "28
L0 .47

1 .51

s "08
2 "99
1.90

2 "99
r"11
3.48

J " /O

2"8

BHP-13: I
2

a

Mean

Standard deviation

q 1q

1"58

2.62

J. J-J

1q

Mo¡n

Standard deviat,ion

Continued
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Appendix K (Conrinued)

Soluble head
cholinesterase

Sample (urU/ru].)

BHP-14: I 5.48
2 7"28

3 2.32

4 r"44
5 1.00

6 2"22

7 20.54

8 24.56

9 L7.74
Mean 9.1g

Standard deviation g "z

BHP-15: 12.24

4.5L

9 .31

10.53

¿J.))

2.L2

¿+.14

6.88

9.20

6.7

*Null values indicate that
limirs of deËectabiliry of

S¡mn1 a

BHP-16: 1

2

aJ

*

5

6

Mean

Standard deviation

Soluble head
cholinesterase

(mU/rn1)

).v-L

4.42

4.42

4.62

5 .91
/, 1'.'

4.90

0. B0

1

2

5

6

7

1

2

J

5

6

1

B

BHP-17:

Mean

Standard deviation

I .81

9 .11

+.o¿

32.85

7 .40

35 .88

4.9L

14 .80

13 .5

Mean

Standard deviatÍon

the enzyme leve1s
the technique.

measured equaled the lorver


