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ABSTRÄCT

The effects of aeriallv applied ultra-low volume
malathion on honev bees (Àpís mellifera L" ) "

Colonies of honey bees v¡ere treated with aerialty
applied ultra-Iow volume malathion at a rate of 21-O mL/ha

from 3 meters above ground IeveI" The application was made

during Brassica napus L" (Westar canola cv. ) nectar flows in
the mid to Iat.e part of July"

This thesis examines: (l-) the relationship between

colony weight gain and adult numbers, and the effects of a

ULV malathion application on col-ony weight gain, adult
numbers, and adult mortality at the hiveì (2) the effect of
a ULV malathion application on honey bee foraging activity
including pollen trap weights, the number of foragers

entering colonies and, the number of foragers actively
working on blossoms in field plots and; (3) caged bee and

rnosquito mortality, the application rate of malathion at the

caged bee and mosquito locations within the treated area,

bee mortality downwind from the treated area, and malathion

residues "

Treated colonies gained significantly (p<0.05) less

weight than control colonies for up to 3 days after
t,reatment" Treated colonies had significantly (pcO"0oOl_)

lower adult numbers than control colonies for up to g6 days

after treatment. Dead bee trap counts r^rere significantly
(p<0.05) higher in treated colonies than control colonies

for three to four days after treatment"



Forager bees j-n treated colonies collected
significantly (p<0"05) less pollen than forager bees in
control colonies for two to three days after treatment. The

number of foragiers entering treated colonies was

significantly (p<O"05) less than control colonies for one to
two days after treatment"

There was a strong positive correlation between cagied

bee and mosquíto mortality and application ratei r:0.900,
p<O"OO0l- and r=O "92O, p<O"O00l_ respectively. Caged bee

rnortality was determined up to one kitoneter downwind and

depended on the meteorological conditions at the time of
treatment"

Residue analysis of poIIen, blossoms, hive pol1en,

honey, v/ax, and a contact residue exposure estimate

indicated that contact with sub-l-ethar doses an hour or more

after treatment would be more likely than contact with
lethal doses for foraging honey bees.
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GENERAL INTRODUCTION



The purpose of this study was to examine the effects of

an ul-tra-Iow volume (uLV) malathion application on honey

bees- In 1983, from Jul-y 23 to August 1-6, ULV malathion was

used to control adult rnosguitoes vectoring Western Equine

Encephalitis in Manitoba. During this period the Manitoba

Departrnent of Agriculture's Apiculture section monitored the

effects of such sprayings on honey bees by visiting and

recording observations from trãated apiaries and by

recording caged bee mortality (Dixon 1983) - In 1984, Lhe

Province paid beekeepers, whose colonies were in the spray

zone, a total of $$oQ,ooo as compensation for losses as a

result of the ULV malathion applications. The lack of data

on the effects of ULV malathion applications on honey bees,

apart from impromptu monitoring studies and the vari-ous

reports of honey bee losses, prompted this study.

Ultra-Iow volume is not only the application of small

volumes of a concentrated pesticide but an application

method that produces sufficient spray droplets, within a

specified size range, to cover the desired area. In Europe,

controlled drop application (CDA) is the standard name but

it includes atl applications where the droplet size is

purposely controlled. In North America ULV means that

droplets are usually less than L5O microns in diameter and

that application rates are less than 1 liter of liquid

formulation per hectare.

Ultra-Iow volume malathion is applied as a technical

formulation which means that nothing has been added to



malathion after synthesis nor has anything been added to the

formulation before application. The technical malathion

used in this study, Cythion, v/as produced by Àmerican

Cyanamid. It has a guaranteed rninimum purity of 91 Z

malathion and a maximurn of 3O pprn methyl mercaptan.

Insecticidal impurities in technical malathion include,

isomalathion, O, S , S-trimethylphosphorothioate, O, O , S-

trimethylphosphorothioate, and O,O,S-trimethyl-

ptrosphorodithioate (Lin et al. 1984).

Malathion is an organophosphate insecticide that acts

as an acetylcholinesterase inhibitor (Metca1f and March

1949; O'Brien 1956; Mengle and Casida 1958; Mayer et al-.

1959; Stegwee 1959; O'Brien 1967; Smallman L968; Yu and

Terriere l-971-i Wilkinson 1973i Eto t974; Welling t977i

Matsumura 1980; Yu et aI. 1984). Malathion must pass

through several different types of biological barriers
before it can act on the nervous system of the honey bee.

Integument penetration depends on a hydrophilic-tipophilic
balance (Olson and O'Brien 1963). The penetration rate of
malathion follows first order kinetics where the time

required for penetration is dependent on concentration
(Matsumura 1963; O1son and O,Brien 1963; Nobel-Nesbit t97O;

Wilkinson l-973; Hartley and Graham-Bryce t-gBO) . Once past

the integument malathion must move through the generally
aqueous environrnent of intercellular spaces and lipophilic
barriers of cell walls (Eldefrawi and O'Brien

1966; Eldefrawi and O'Brien 1967; Toppazoda and O'Brien
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L967 i Conner et aI. 1978) - Honey bees have enzymes that

wilI detoxify organophosphate insecticides (Gil-bert. and

r^lilkinson 1-974; Yu et aI- 1984) however, honey bees lack

microsomal oxidase activity in the stomach (Gilbert and

Wilkinson Lg74) and do not contain a large amount of fat in

the abdomen. The former are irnportant in detoxification and

the latter in storage and detoxification of insecticides (Yu

et aI. L984). These features make honey bees particularly

susceptible to orally ingested insecticides.

symptoms of honey bee poisoning by an organophosphate

insecticide includei regurgitation (with an extended

proboscis), disor-ientation, Iassitude, distended abdomen,

erraLic cleaning attempts, stumbling gait, and unhinged

wings (Atkins l-978) . Older foraging bees are more

susceptible to poisoning than are younger bees (Mayland and

Burktrardt L97O; Nazer et aI. 1-974) because older forager

bees have less brain acetylcholinesterase than younger bees

(Nazer et aI. L9741 "

Studies of insecticidal poisoning have provided many

examples of different,ial toxicity due to the differences in

insecticide formulations" fn general the order of hazard

is; dusts > wettable powders > flowables > emulsifiable

concentrates and soluble powders of liquid solution >

granular formulations (Johansen and Kleinschrnidt L972) .

Ultra-Iow volume insecticides applied with small droplets

(2o to 4O nicrons in díameter) are easily picked up by

insect hair (Spillman 3-976). The particularly hairy bodies



of honey bees and, their habit of repeated floral- visitation
for pollen and nectar gathering (I{ahI and Ul-rn 1983) make

ULV formulations just as hazardous and sometimes even more

hazardous, than dust. formulations (Atkins et aI. 1975,. Caron

L979) "

This study was divided into three different areas to
examine the effects of ULV malathion on honey bees" These

include: (L) The effects of ULV malathion on troney bee

colony weight gain, adult numbers and observed adult

mortality,; (2) The effects ULV malathion on honey bee

foraging activity and,; (3) i" the relationship between ULV

malathion application rate and mortality of caged bees and

mosquitoes; ii" ULV malathion drift and caged bee mortal-ity;
iii. Malathion residues inside and outside the hive.



CHAE{TER II

GENER.A,L METHODS
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one kilogram packages of yellow strain bees Írere hived

in 9 frarne brood chambers on May 3, 1984 and on April 27 ,

1985. with each pretreatrnent apiary check the colony

populations vitere equalized by redistributing brood frames.

Colony populations vrere permitted to increase in size as

they would in a commercial beekeeping operation so that high

populations ¡¡ould coincide with nectar f1ows. AII colonies

were kept in a parent apiary until they were chosen randomly

to be moved two days before the ULV malathion treatment to

either control or treatment apiaries. Hives in control and

treatment apiaries were arranged as shown in Figure 1 in

1984 and in Figure 2 in L985.

A total of nine 32 hectare fields were used, for the

control and treated apiary locations (Figure 3). Forage for

control- and treated apiaries in 1984 and 1985 consisted of

fields of Brassica napus (L. ) Westar (a canola guality

cultivar; low erucic acid, o.2Z and low glucosinolate, 15

umol g meal-I, Klassen et aI. :-:g87l, located at l-east B km

arüay from each other" AII of the fields were located in the

Red River Valley of Southern Manitoba which is flat and

open; the only obstructions are windbreaks and power lines.

Five replications were made on five different fields on

five different apiaries on the follwing dates and times

(c.D.T.): in L984; (1) July 17, looo h and, (2, July 26,

08OO h; in 1985; (3) July L6, O80O h, and July 2?, (4) 1-900

h and, (5) 2100 h.

À1I treatments were made with a Piper Cub aircraft



at a ground speed of 160 kph and approximately 3 meters

above ground 1eve]" The Cythion treatments were applied at

a rate of 21o rnl/ha (registered rate for aerially applied

control of adult mosguitoes) with TeeJet 8OOO5O cone nozzles

and at 2OO kPa Pressure"

Weather data were collected witn hygrothermographs in

Stevenson screens and wind speed was measured ¡.¡ith an

anemometer 2.7 m above ground level. l,Iind direction v¡as

approximated with the use of a wind sock. Weattrer

conditions at the times of treatment are summarized in

Table l-. [.Ieather conditions during the period of time when

daily measurements q¡ere taken are summarized in Àppendix 1.



Figure 1. Àpiary layout in 1984t (S) indicates balance
beam scale, (Ec) indicates number of
foragers entering the colony v/ere counted,
(ÀE) indicates the number of adults in the
colony were estimated, (PT) indicates an
O.A.C. pollen trap was used and, (DBT)
indicates a dead bee trap was used.-

Figure 2. Àpiary layout in 1985; (S) indicates balance
beam sca1e, (Ec) indicates number of
foragers entering the colony vlere counted,
(AE) indicates the number of adults in the
colony were estimated, (PT) indicates an
O"À.C" pollen trap was used, (DBT)
indicates a dead bee trap was used.
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Figure 3" Treated and control fields and dates and
times of treat¡nent; (*) indicates
apiary location, (&) indicated wind
direction, ( * ) indicates flight path of
airplane.
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TABLE 1" Weather conditions at the tiures of treatment.

DÀTE TIME WIND VEI.oCITY
(IS[,/H) ÀND
DIRECTION

TEMPERÀTURE
(oc)

L7

26

l_6

27

27

July, L984

JuIy, L984

July, l-985

July, L985

Ju1y, l-985

l_000 h

0800 h

0800 h

L900 h

2L00 h

6

o

3

4

3

s

ESE

SE

t_5. 6

19. 1

L5.4

23.O

17.5
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CHAPTER III

THE EFFECTS OF ULV MÀI,ATHION ON HONEV BEE COLONY I¡JEIGHT
GATN, ADULT NUMBERS AND, ADULT MORTÀLÏTY.
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INTRODUCTION

The effect of an application of ULV malathion on honey

bee colonies is highly variable depending on the application

rate used., time of application, method of application and

mettrods used to measure effects"

Bltren ULV malathion t¡as used to control grasshoppers,

rates from 712 to 562 nl/ha were applied by aircraft with

obserr¡ed losses of honey bees reported as very high

(Anderson and Atkins 1966; Hitchcock et al- L966; Levin

l-966; Levin et aI. l-968). Rates used for mosquito abatement

$¡ere from 281- to 219 mt/ha (Caron 1979; Dixon 1983; Herbert

and Shimanuki 1983). Only the effects reported by Dixon

(l-983) were from applications made aerially for mosguito

abatement; the others vtere from applications made from truck

sprayers. Caron (L979) and Herbert and Shimanuki (1983)

reported losses to be moderate while Dixon (l-983) reported

losses to be high

The effect of exposure to ULV rnatathion on colony

weight after has been reported by Dixon (1983) and, Herbert

and shimanuki (1983) " Herbert, and Shiuranuki exposed L2

colonies to ULV malathion at 1300 h with a truck sprayer at

a rate of 1-12 url/ruinute. Colony weight gain for treated and

control colonies over a four week period before application

was approxirnately equal, i.e. 8.9 kg and 8.8 kg

respectively" In a two week period after application

control colonies lost an average of 2.6 kg and treated
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colonies gained an average of 1.8 kg" The control colonies

lq¡ere moved two days before the malathion application and

this $tas considered to be more disruptive than the malathion

application itself (Herbert and Shimanuki 1983) -

Dixon (1983) reported colony weight loss for two to

three days after appJ-ication. Initial- weight losses were

attributed to a loss of foragers (obsenred at hive

entrances) while later weight loss was attributed to a

reduction in honey production"

No previous studies examined the effect of a ULV

malathion application on adult population in colonies except to

measure mortality with the use of dead bee traps (Levin et
al. l-968; Herbert and Shimanuki 1983) and to observe colony

strength after application (Hitchcock et aI. L966; Levin

r_e66) .

Levin et aI. (1968), using a dead bee trap, reports

Iosses of over 31000 bees per colony over a five day period.

The colonies were treated indirectly as part of a large

aerial grasshopper control progra¡n at a rate of 562 rnl/ha of
ULV malathion" When colonies t¡ere treated directly with ULV

nalathion at, a rate of 562 nl/ha, dead bee trap counts over

a five day period ranged from 9,OOO t,o'7r5OO (Anderson and

Atkins 1966) " With truck sprayer applicatíons at mosquito

abatement rates of about 246 ml-/}:^a, dead bee trap counts

were lower and more variable ranging from B-I-52 dead bees

per colony four days after application (Herbert and

Shimanuki 1983) -
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The objectives of this study k¡ere to determine the

effects aerial- ULV malathion treatments on: (1) honey bee

colony weight gainì (2't adult numbers in the colony and; (3)

adult mortality at the hive- AIso the objective of this

study !,¡as: (4) to determine the relationships between; (i)

weight gain and the increase in adult numbers in a colony,

(ii) bett¡een weight gain and adult numbers in a colony and,

(iii) between adult numbers and the increase in adult

nurnbers in a colony"

MATERIAI,S AND METHODS

Colonv weicrht crain

Colony weight was measured with balance beam scales to

ttre nearest O.5 kg. Measurèments t¡ere taken in the morning

(before OSOO h). Daily colony weight measurements began at

least one day before treatment and continued for seven days

after the treatment. Colony weight was measured at 7 day

intervals for 2l--28 days after application" Six colonies

in l-984 and 10 colonies in 1985 were weighed from each

control- and. each treated apiary.

Estimate of the nurnber of adults in colonies

Àdult nurnbers were estimated in the morning (before

OSOO h) after a method developed by Nelson and Jay (Lg72a).

Adult nurnbers were estimated two days before treatment,

two days after treatment, and then aE 7 day intervals for up



to 86 days after treatment-

in 1984 and six colonies in

control and treated aPiarY-

Adult mortalitv at the hive

IO

Adult numbers from six col-onies

1985 were estimated in each

colony adult mortality at the hive was measured with

dead bee traps (Figure 4). The dead bee traps were

constructed from shatlov¡ supers (18 cm in depth, 42 crn v¡ide

and, 51 cm long) by removing a 5 cm horizontal strip from

one side of the shallow super and screening off the strip

with 6 mm nesh hardware cloth. The dead bee trap entrance

Bras provided with a landing board of the same size as all

the other hives, fixed below the screened off area. The

dead. bee trap t¡as mounted on a bottom board with sufficient

space for a removable metal tray (46 cm X 37.5 cn) where the

dead bees collected and could be removed from the hive for

counting. The bottorn board entrance was blocked off v¿ith a

piece of wood and a latch to facilitate easy access and

closure. Within one day all of the colonies, with dead bee

traps, used the screened entrances readily. The traps were

tested against dead bee removal by introducing 1-o dead,

marked bees into the colonies" After being Ieft in the

colonies for 12 hours the traps were checked for the marked

bees" AII marked bees were recovered from the dead bee

traps. The accuracy of the dead bee traps was determined

every second day by placing L0 marked, dead bees into each

colony with a dead bee trap at 08OO h and retrieving them
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Figure 4. Dead bee trap.
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from the traps at 2OOO h. In 1985 the trap r¡¡as modified

because in larger colonies groups of house bees were

observed to be removing dead bees through the wire mesh. At

various times groups of two to six bees ú¡ere observed to be

pushing and pulling dead bees through the wire mesh-

Usually two bees from inside the trap would position the

dead bee so that it would approach an opening in the mesh

and two bees on the outside of the trap would grasp any part

of the dead bee that emerged through the mesh" With a

combinat,ion of pushing and pulling from inside and outside

the dead bee would be removed from the trap" À second piece

of wire mesh was added to the trap about one cm from the

first piece and the mesh offset. House bees were then no

Ionger able to remove dead bees from the trap.

Daily dead bee trap counts began at least one day before

treatment and continued for seven days after treatment. In

1984 dead bee trap counts were taken every two hours

beginning at OSOO h and ending at 2OOO h, in 1985 dead bee

trap counts vrere taken every 4 hours " Dead bees stere

counted from two colonies in L984 and two colonies in L985

from each control and each treated apiary"

Colony weiqht and adult nunbers relationships

A total of 32 control colonies were used to determine

the relationships between weight gain and the increase in

adult population in a colony, between weight gain and number

of adults in a colony and, betqreen the number of adults and
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the increase in the number of adults in a colony" The L4

day nectar flor*r periods lrrere as follows; (1) L7 to 31 JuIy,

LgA4, (21 26 JuIy to O9 August, 1984' (3) 16 to 3O July,

1985 and, (A',) 27 July to 1O August" 1985.

Statistical analvsis

The data were analyzed by t-Tests for significance for

trso treatment mean comparisons (Little and HiIIs 1978) "

Correlation analysis was used to determine the relationship

between colony weight gain and colony adult population over

ttre two week periods (Snedecor and Cochran 1980).

RESULTS

Colony weicrht qain

In L984 colonies treated at looo h gained less weight

(pc0.05) than control- colonies for up to 21 days after

treatment" There !.¡as an exeception on the third day after

treat¡nent where there hras no difference (p>0.05) between the

control and treated mean weight gain (Tab1e 2). one day

after treatment treated. colonies tost weight (-0.16+0.09

kg) " The pre-treatment means were not different (p>0"05) "

Colonies treated at O800 h in 1984 on 26 JuIy exhibited

the same pattern of weight gain (pcO"Os) for up to 21- days

after treatment" There vras an exception on the third day

after treatment where there was no difference (p>O.05)

between the control and treated mean weight gains (Table 2).
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The pre-treatment means were not different (p>O"05).

In l-985 coLonies treated on 16 JuIy at oSoo h gained

l-ess weight (pco"Os) than control colonies for up to L4 days

after treatment" There was an exception on the third day after

treatment where there r*Ias no difference (p>o"Os) between the

treated and control weight gain means (TabJ.e 3). Treated

colonies lost weight on the fourth day after treatment

(-O.41t0"41 kg). By the twenty-first day after treatment

there &tas no difference between treated and control mean

weight gains (p>O"Os) " By the twenty-eighth day after

treatment treated colonies gained less (pc0"05) weight than

control colonies" Pre-treatment weight gains were not

different (p>o.05).

Colonies treated on 27 JuIy, l-985 at l-900 h gained

less weight (pcO"Os) for four days after treatment (Table

3). On the fifth and on the fourteenth day after treatment

there was no difference (p>0"05) in weight gain between the

1900 h treatnent and the control colonies" On the seventh

day and on the twenty-first day after treatment treated

colonies gained less (pcO.05) than control colonies"

Colonies treated at 21OO h on the same date gained less

weight (p<O"Os) for up to one d.ay after treatment (Tab1e r).

There was no difference (p>0.05) in weight gain for aII

remaining days except the fourth, the seventh and, the

twenty-first day after treatment. Pre-treatment weight gains

t¡ere not different (p>O.05).

Although treated colonies did not gain the same amount
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of weight as control colonies, the same daily weight gain

patterns were exhibited by both groups except for colonies

treated on 17 Juty, 1984 (Figure 5). That is, the treated

colonies of L7, JuIy 1984 did not" consistently, have an

increase in weight gain when control colonies increased in

weiEht gain ando did not have lower weight gain when control

col-onies had lower weight gain as all other replicates

demonstrated"

Àdult nunbers in colonies

Since there were differences (pco"05) between

treatments within years and between years, adult numbers

mean comparisons t¡ere made only between single treatments.

AII treatments showed the same pattern of no difference

(p>O.05) in pre-treatment means and significantly lower

(p<"OOOl) mean adult numbers from up to 2 days after ì

treatnent to up to 86 days after Lreatment (Tables 4 and 5).

Adult mortalitv at the hive

Colonies treated in 1984 on 17 JuIy had higher (p<0.05)

dead bee trap counts than control colonies for up to three

days after treatment (Table 6) " However, higher

(pcO.Os) dead bee trap counts v¡ere observed on population

count days (-2 and *2 days after treatnent), than on other

pre-treatment days"

The same high (p<0.05) dead bee counts were observed on

population count days (-2 and +2 days after treatment) for
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Figure 5" Colony weight gain patterns in 1984 and
l-985" Arrow indicates application date.



w
Ê

r0
H

1 
cA

lN
 (

K
C

)
w

flG
H

1 
ôA

lN
 (

K
6)

Þ
-

I Þ \, Þ /r Þ

N
J o)

w
flG

H
T

 G
A

IN
 (

K
C

)

¡¡
\'u

å
o

Þ
Þ il

-Þ
Þ

iã
å

w
Ê

ro
H

l c
A

lN
 (

K
o)

-N
uÀ

aÞ
Þ ilt s>
Þ

ss
ä

lu åå 88

I N I

c'
ct

lJ
l È
-

S
^t

á 9u r 9r
(¡



D
A

Y
S

 A
F

ÎE
R

T
R

E
A

T
M

E
N

T

T
A

B
LE

 4
. 

M
ea

n 
(1

 s
ta

nd
ar

d 
er

ro
r)

-2 +
z

+
1,

4

+
28

+
72

+
86

L7
C

O
N

T
R

O
L

24
,5

25
!9

9.
7

24
,8

50
+

99
 "

L

26
,8

33
!L

O
7 

"7

28
 ,8

25
+

 8
0.

3

30
, 

50
8+

12
7 

.7

3L
r7

5O
! 

75
 "

OJU
LY

, 
19

84
T

R
E

A
T

E
D

L0
00

 h

re
at

e
m

ea
ns

 a
re

 s

nu
m

be
r 
of

 a
du

Lt
 b

ee
s 

in
 1

98
4.

24
 t5

58
!9

5.
2

2L
,4

08
!:-

.0
3.

6*

23
 ,4

75
!L

37
 'L

*

25
 ,6

50
!2

15
. 

6*

27
,6

33
!2

45
.8

*

28
 ,4

9L
!2

28
.9

gn
ca

nt

26
C

O
N

T
R

O
L

yd
i

26
,L

25
! 

38
.1

26
,4

5O
! 

5o
.o

28
 ,4

O
O

! 4
4 

,7

30
, 
37

51
 6

4 
,2

3L
,?

25
t].

48
.7

32
,3

58
t1

84
. 

LJU
LY

, 
L9

B
4

T
R

E
A

T
E

D
08

00
 h

er
en

t
co

nt
ro

l

26
,O

33
t 

55
.7

22
 tg

83
t 

57
.3

*

24
t6

41
+

L9
4.

6*

26
,7

33
!L

88
.3

*

28
t6

41
+

21
0.

3*

29
,6

75
!2

01
.9

*

ln
ea

ns
 P

<
0.

00
0L

.
N \o



D
A

Y
S

 A
F

T
E

R
T

R
E

À
T

M
E

N
T

T
A

B
LE

 5
"

-2 +
2

+
14

+
28

+
42 +
86

M
ea

n 
(+

 s
ta

nd
ar

d 
er

ro
r 

) 
nu

rn
be

r 
of

 a
du

lt 
be

es
 in

 1
98

5.

16
 J

U
T

,Y
,

C
O

N
lR

O
L

50
r0

45
! 

42
.4

50
r4

33
! 

24
.4

51
, 

50
8+

1 
22

 .g

52
 t5

45
!r

40
. 

1

53
 ,4

7 
0!

17
0.

9

53
 ,7

 6
2!

L6
2 

,9

L9
B

'tT
re

at
,e

T
R

E
À

T
E

D
08

00
 h

49
 t8

91
! 

76
.8

46
 t

98
4!

 8
5.

 O
*

47
 t

56
6!

L2
2.

2*

48
 t

24
1!

t-
39

.8
*

48
 ,7

g1
t1

95
.1

*

49
 ,2

66
t1

56
. 

3*

m
ea

ns
 a

re
 g

C
O

N
T

R
O

L

gn

50
,9

75
+

 4
9.

5

51
, 

50
8+

10
2 

.8

52
,3

00
tL

30
.4

52
 t

72
51

18
6.

 1

53
,0

75
+

12
2 

"3

53
,4

60
t 

48
"4

ca
nt

ly
 d

27
 J

U
T

.,y
, 

L9
85

T
R

E
À

T
E

D
19

00
 h

ffe
re

nt
 fr

om
 c

on
tr

o

50
,9

91
+

 4
7.

3

48
, 

08
3+

16
5,

 6
*

48
 r

 6
58

11
60

.9
*

49
 ,2

g1
t1

47
 "

 9
*

50
r1

16
tL

63
.3

*

50
,8

08
t2

58
.9

*

T
R

E
A

T
E

D
21

00
 h

51
r 

04
 L

! 
59

 "
7

48
 t2

83
t1

10
.1

*

48
 , 

93
 3

11
4 

4 
,7

*

49
 t6

33
tl8

2.
4*

5O
,4

50
!2

15
.6

*

5L
 t

25
8t

19
6.

4*

m
ea

ns
 p

<
. 
00

01
.

L,
) O



D
A

Y
S

 A
F

T
E

R
1T

'R
E

A
T

M
E

N
T

T
À

B
LE

 6
. 

M
ea

n 
(1

 s
ta

nd
ar

d 
er

ro
r)

 
de

ad
 b

ee
 tr

ap
 c

ou
nt

s 
l-n

 1
98

4.

-1 0

+
t

+
2

+
3

+
4

+
5

+
6

+
7

C
O

N
T

R
O

IJ

11
3.

51
 5

.5

11
.5

å 
1.

5

L5
 "5

! 
2 

"5

19
.5

1 
4.

5

18
2.

5t
 3

.5

L2
 "

O
!7

 "
O

L5
.5

! 
2"

5

20
. 
0!

0.
 0

L9
.0

t 
0.

0

19
.5

+
0.

 5

JU
LY

 I 
L9

84

*T
re

at
ed

 ¡
ne

an
s 

ar
e 

s

T
R

E
A

IIE
D

10
00

 h

11
9 

" 
51

8.
5

9.
 s

t 
0.

5

55
3.

 O
t 

9.
 O

* *
60

.0
+

 8
.0

"

gs
. 
ol

r.
 o

n

81
.5

t2
.5

*

20
.5

t 
L,

s

17
.5

1 
0.

5

19
.5

10
.5

20
.5

!2
.5

C
O

N
T

R
O

L

gn

12
9"

0!
8"

0

41
" 

5t
2 

. 
5

21
.5

! 
6.

0

30
"5

t 
0.

5

20
0"

0!
 3

.0

23
.0

! 
4.

0

19
.0

12
.0

20
.5

1 
3.

5

21
.0

! 
2.

0

24
,0

! 
2,

O

ca
nt

ly
 d

6 
JU

LY
 I 

L9
84

er
en

t 
fr

om
 c

on
tr

o

T
R

E
A

T
E

D
08

00
 h

1"
21

.0
+

 5
.0

21
. 
0!

6.
 0

57
2.

5+
gg

. 
O

*

L3
6.

O
t6

.O
*

2o
5.

 o
t 

3 
.5

Lo
4.

o+
3.

0*

99
.5

t 
1"

. 
5*

2 
6.

 0
+

1.
 0

24
.O

! 
I.0

28
.5

t 
1"

.5

m
ea

ns
 p

<
(/

) P



32

tlre treatment date ot 26 Julyo 1984 (Table 6). Treated

colonies had higher (pcO"Os) dead bee trap counts than

control colonies for up to four days after treatment"

In l-985 colonies treated on 16 July had higher (p<O.Os)

dead bee trap counts for up to one day after treatment

(Table 7) " By the second day after treaLment the treated

mean dead bee tra¡l counts xilere not different (p>O.Os) from

the pre-treatment nean dead bee trap counts and also not,

signÍficantJ-y different from the control mean dead bee trap
counts.

Colonies treated at l-9O0 h on 27 JuIy, L985 had higher

(p<O"05) dead trap bee counts than control colonies for up

to three days after treatment (Table 7). The largest number

of dead bees were recovered on the day of treatment.

Colonies treated at, 2l-OO h had higher (pc0.Os) dead bee

trap counts for up to five days after treatment (Tabte 7r.
For up to two days after treatment dead bee trap counts t{ere

higher (p<0"O5) in colonies treated at l-9OO h than in
colonies treated at 2f-00 h" However, from the third to the

fifth day after treatment the colonies treated at, 2tOO h

had higher (pcO"OS) dead bee trap counts than the colonies

treated at 1900 h"

Colony weiqht and colonv adult numbers relationships

There was a significant (pco.ooo1) negative correlat,ion
(r=-O"848) between colony adult numbers increase and colony

weight gain over a 14 day period for colonies in t_984 and
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1985 (Figure 6) " That is, those colonies wíth greater

increases in adult, ¡rumbers had less weight gain than those

col-onies that had lower increases in adult numbers. There

ú¡as a significant (p<O.OOO1) positive correlation (r=0-877't

between cotony adutt numbers and colony weight gain (Figure

7') . Larger colonies gained more treight than smaller

colonies" There was a significant (pco"OOO1) negative

correlation (e-O.978) between colony adult numbers and

colony increase j-n adult numbers (Fígrure 8). Iarger

colonies had adu1t. number increases that were lower than

smaller colonies"

DISCUSSION

Colonv weiqht qain

Treatnents of ULV malathion affected colony weight gain

whether the treatments were applied in the morning or the

evening (TabÌes 2 and 3). Treated colonies exhibited a

pattern of significantly less (pcO"05) weight, gain for up to

3 days after treatment. on the third day after treatment

the treated colonies gained. the same (p>O"OS) amount of

weight as control colonies" This v¡as possibly due to an

increase in the amount of rrwettr honey that was brought into

treated colonies as foraging resumed after treatment"

However, after the third day the treated colonies continued

to gain less weight than control colonies" Some of the

colony treight lost may be attributed. to bee losses.
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Figure 6- Correlation analysis is colony adult number
increase and colony treight gain (kg) in a T4
day period during a canola nectar flow.

Figure 7" Correlation analysis of colony adult number
and colony weight gain (kg) in a 14 day
period during a canola nectar flow.

Figure 8. Correlation analysis of colony adult number
and colony adult number increase in a 1-4 day
period during a canola nectar flow.
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However, number of bees in the dead bee traps were not

sufficient to account for the weight loss alone" A ç¡orker

bee weighs from 8O-L29"5 mg (Mitche1l l97O; Combs 3-972; Otis

L982l. î the largest cumulative loss over the three day period

ü¡as l-O89 bees, equal to about O"1-2 kg" As indicated by the

population estimates, more bees were lost than ütere observed

in the dead bee traps. Therefore the najority of the bees

must have been lost in the field"

The nectar collecting behavior of honey bees is

infl-uenced by temperature, wind speed, sunstrine, and the

nectar source species (Free 19?O) " There is a positive,

signifcant correlation between honey bee flight activity and

colony weight gain (Szabo L98O). Honey bees foraging on one

nectar source species on the same day and in approximately

the same environmental conditions would be expected to

forage in sirnilar patterns throughout the day" In this

study treated colonies did not gain the same amount of

weight as control colonies but, treated colonies began to

gain weight in the same daily weight gain patterns as

control colonieso 3 to four days after treatment (Figure 5) "

Thus, monitoring treated and control colony daily weight

gains for colonies foraging in sinilar. conditions can be

used as a rough indicator as to when colonies resume regular

colony foraging patterns. Sinply comparing colony weight

gains would only indicate the nectar collecting capacity of

coLonies rather than a rough estimate of foraging activity.

The colonies treated on 17 JuIy, 1984 did not follow
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the same pattern of weiEht gain, and had lower colony

populations. Thís may be due to the fact that some of

colonies were infected with American Foul Brood (A.F."B") and

European FouI Brood (E.F.B.) " Morse and Gunnison (1967)

observed that colonies infected stith E"F.B. and sac brood

had increased Levels of the diseases after insecticide

exposure. Tçro of ttre treated coloníes became queenless

after the treatment" gueen losses have been obsenred from

bees fed sub-Iettral doses of carbofuran (Stoner et aÌ" 1982)

howevero with ttrese treated colonies it is believed that the

combination of the insecticide treatment and. the foul brood

diseases caused the colonies to supersede their queens" The

smaJ-ler 1984 treated colonies did not at any time gain

enough weight to be comparable to the control colonies.

However, the larger treated colonies of 1985 did gain the

same amount or more weight than control colonies"

In l-985 cool wet weather may have been just as

detrimentaÌ to colony weight gain as the ULV malathion

treatment (Appendix 1). The amount of honey and pollen (as

colony weight) a colony consumes in the suruner has not been

measured but Seeley (1985) estimates ttrat, an average colony

could consume about, 2"4 Rg/week of honey during inclement

r¡eather" The anount of consumpt,ion and needs of the colony

would vary according to the size of the colony and the brood

area. So, an extended period of incl-ement weather rnay have

the same effect, as a treatment of ULV malathion as far as

colony weight gain is concerned"
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Colonv adult number estimate

In 1984 the number of dead bees increased dramatically

on days (-2 and +2) when colony adult number estimates vrere

made. It appears this may be due to the disruption of the

colonies on these days. The colony adult number estimation

mettrod therefore masked the effect that the ULV malathion

treatments had on the dead bee trap counts. The number of

dead bees recovered from the dead bee traps on the colony

adult number estimation days represented less than l-t of the

totat adult number estimated on that day however, the counts

v¡ere significantly (pco.Os) higher than on other pre-

treatnent days and alJ- other control colony days. The

percentage of bees that forage remains constant (Farrar

1931-; Woodrow l-934) at about 4å ( Danka et aI. l-986) " So, âD

increased dead bee trap count due to disrupt,ive practices

will only rnask actual losses of foragers due to uralathion

applications. The difference in. colony adult numbers

between control and treated colonies for the treated date,

L7, July 1984, is believed to be the result of a combination

of the brood diseases and the ULV malathion treatments"

In l-985 colony adult nunber estimates xúere not done on

colonies with dead bee traps. The nurnber of ad.ults in

treated colonies remained significantly lower than control

colonies throughout the measurement period" Possibly other

factors rrere affecti-ng the colony ad.uLt numbers than the

simple loss of foragers. Barker and WaIIer (1978) found

that colonies exposed to sub-Iethal doses of parathion (an
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organopfrosphate) produced less broodn honey ando rdax"

Nunamaker et al. (1984) be}ieved that colonies demonstrated

aberrant betravior that was not readily evident when fed sub-

lethal doses of fenthion (an organophosphate) " Although no

dead brood was obser:lred in the dead bee traps the lower

adult populations may have occurred fron brood cannibalism

for a period of time after the treatments.

Adult mortalitv at the hive

Dead bee counts in treated colonies were greater than

control colonies for three to four days after treatment.

The colonies treated on 27 JuIy, 1985 at 19OO h had the

highest dead bee counts apparently because more foraging

activity was occurring during this treatment than during any

of the other treatments" The ternperature was wal:tll (Tab1e l-)

so bees htere clustered. on the outside of the colonies. Thus

a large proportion of the bees were exposed on the outside

of the hive

The colonies treated. in the evening exhibited the same

pattern of mortality as the morning treated colonies except

for those treated at 21OO h" Unfortunatelyo on the third

day after treatment a neighboring sunflower field was

sprayed with carbofuran (a carbamate) and these colonies

ex¡rerienced two additional days of higher dead bee trap

counts than the control and the 19OO h treatment colonies.

Hor¡ever, this additional amount of bee loss is not evident

in the daily colony weight gain. It seems that there is a
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mortality level at t¡hich weight gain is not affected"

CoÌonv weiqht qain and colonv adult numbers relationships

Small-er colonies (21-,ooo to 27,ooo bees) did not gain as

much weight as larger colonies (45rOOo to 53,ooo bees) during

L4 day periods of nectar flow (Figure 7) " SmaIIer colonies

srere increasing in numbers more than larger colonies lJere

during the 14 day periods (Figiure a) however, the colonies

witfr gireater increases in numbers trere gaining less

weight than colonies with lesser increases in numbers

(Figure 6).

The relationship between colony adult numbers and weight

gain (considered as honey production) have t¡eak to negative

correlations (Farrar L937; Woyke l-984). However, Woyke

(1984) ad¡nits that the method of measuring total honey

production over the entire sunmer may not be representative

ot.the relationship between honey production and colony

adult numbers during a honey flow period. Ratnieks (L986)

shows that larger colonies produce more honey than small

colonies during periods of nectar flow" In this study

during the periods of two week nectar flows large colonies

gained more weight than small colonies" The colonies used

in this study t.¡ere of two distinctive size groups and the

snaller colonies were increasing in size at a faster rate

than the larger colonies. Felton et aI" (1986) recommend

that colonies should contain at least LO,OOo to 15,OOO bees,

5 to 6 frames of brood and that estimates should be made of



42

the number of bees on frames and brood rrstatuslr on frames

when testing for insecticide toxicity in the field.

In examining the effect of a ULV rnalathion treatment on

coJ-ony weight gain (considered as Ìroney production) the size

of the colonies used, colony condition (queen state, health,

etc.) and the tlpe and amount of available forage are

important in interpreting the colony weight gain results.

Since ttre nunber of adults in a colony and. change in the

number of adults effects coì-ony weight gainso studies

examining the weight gains of colonies involving insecticide

applications should include not only sizes of the coLonies

used but also the change in size during the time weight

gains are being rneasured" Additionally, I believe that

brood measurements should also be included along with adult

numbers measurements and colony weight gain in order to

furttrer understand the effects of an insecticide treatment in

a field situation during a nectar flow, and to determine

possible interactions between adult forager losseS and brood

area, brood area changes, adult numbers and changes in adult

numbers and, colony weight gain.
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CHAPTER IV

EFFECTS OF ULV MAI.,ATHION ON THE
FORÀGING ACTIVITY OF HONEY BEES
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INTRODUCTION

Insecticide appl-ications disrupt honey bee foraging

activity (Anderson and Atkins 1968), for some time after

treatment depending on the residual activity of the

insecticide (Johansen L966; Johansen L972) and ttre extent of

mortality at the hj-ve (Atkins 1978).

In spite of this general conclusion regarding

insecticide hazardso the effects of a ULV malathion

application on the foraging activity of honey bee colonies

is not well known" Anderson and Atkins (1958) counted the

numbers of bees actively foraging on alfalfa blossoms in

five 18m2 areas in a 2 minute period before and. after

treatment with 560 nllha of ULV malathion" They found that

within minutes after the application the nunbers of bees

obse¡¡¡ed in the field dropped to ze-.ro" Then began to

reappear in six hours and the, numbers returned to pre-

treatment levels by 24 hours

The purpose of this study was to determine the effects

of a ULV malathion treatment at 210 nl/h on: (1) amount of
pol}en collected by honey beesi (2, number of foragers

entering hives, the proportion of pollen and non-pollen

foragters to the total number of foragers entering hives

in control and treated apiaries and in colonies with

different poputations; and, (3) field foraging activity in

control and treated fields in which srual} and large plots

were designated"
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MATERIALS AND METHODS

PoIlen collection

Frorn two colonies in each control and treated apiary

pollen was collected by the use of o.À.C- (ontario

Agriculture Cotlegêu Gue]ph Ontario) pollen traps every two

hours in 1-984 and every 4 hours in L985o beginning at OSOO h

and ending at 2OOO h" This was done from one day before

treatment to up to seven days after treatment. Pollen was

sorted according to color and weighed (wet weight) wittr an

electronic balance to within +O.OO5 grams. The pollen was

not dried because pollen from treated colonies was also used

for residue analysis.

Number of foragers enterinq hives

The number of foragers entering hives was deterrnined by

counting the number of foragers entering two colonies in

each treated and control apiary for three 30 second

inten¡als every 2 hours ín 1984 and every 4 hours in 1985"

AI1 foragers entering the colony were counted with a counter

held in one hand and all foragers carrying pollen loads were

counted with a counter held in the other hand. Any

disturbance caused by the observer was minimized by the use

of a rrblindtt placed near the colonies.

The nurnber of foragers entering hives was also examined

at four different times of the day, with respect to the
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proportions of i-ncomíng pollen foragers and non-pollen

foragers to the total number of incoming foragers for the

day" The colony proportions were grouped by treatment and

the treatment means compared" The same comparisons r.Jere

made r¡ith colonies grouped according to population sizes

and proportion means compared between populat,ion sizes"

Field foracrer numbers

In 1984 ttre nr¡mber of field foragers was determined

done by counting bees in three 9 m2 areas in each of the

control and treated fields" Due to low counts in 1984 the

field foraging activity observation area t{as expanded in

1985. one area of 25Om X 3¡n (zSo n2), was staked out

approximatety one third of the way into each field . The

number of foragers actively working blossoms were counted,

as opposed to those flying in the plot or resting on leaves.

For both 9 m2 and 750 m2 plots, the counter sJ-owly walked

along the plot counting only those bees within the plot that

could be viewed directly beside the counter, that is not

ahead or hehind. The counter also was careful to walk on

that side of the plots so as to avoid casting a shadoçr on

the plots to ensure minimal disturbance of foragers" Counts

were taken every 4 hours beginning at O8O0 h and ending at
2000 h for one day before treatnent to seven days after
treatnent.

Statistical analvsis

Àssumpt,ions for analysis of variance (ÀNOVA) were
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tested by usinE €sBartlett's test for homogeneity of
variance!¡ (LittI-e and Hills 1978) " For more than two

treatment means comparisons ANOVA was used to test the

assumptions for Tukey's HSD test (Little and HiIIs l-978)

For only two treatment means cornparisons the T-Test was

used" Correlation anal.ysis v¡as used to determine the

relationship between forager entrance activity and field
forager activity (Snedecor and Cochran 1980) "

RESULTS

Pollen collection

Bees in the treated colonies collected less pollen
(pcO.Os) than in the control colonies for up to 2 to 3 days

(Tables I and 9) after treatment. By the fourth day after
treatment bees in the treated colonies were collectingi as

much as (p>0"O5) or more pollen as in the control colonies.

OnIy the control colonies for the 26 JuIy, 1984 treatment

collected pollen that appeared to be from a source other

than canola. Otherwise all other colonies collected yellow

colored. pollen that rtas assuned to be canola, since no other

crops attractive to honey bees qrere present in the area.

Number of foraqers enterinq hives

The total number of foragers entering the treated
colonies are shown in Tabres 1o and 1l-. The totar number of
foragers entering treated colonies was less (p<O.OoOL) than

the total number of foragers entering control colonies on
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the day of treatment except for the 21-OO h treatment where

the treatment took place after the final dayos count (Table

11) " Colonies treated in 1984 on 26 JuIy, at OSOO tr were

the least affected" The number of foragers entering the

hive in these colonies was lower (pcO"OOOL) on the day of
treatment but by the second day after treatment ttre number

of foragers entering the hive r.ras not significantly
different (p>O"05) but was greater ttran in control colonies.

The number of foragers entering hives was significantty
(p<O"OOOI) Iower in treated colonies than in control
colonies for 12 hours to three days after treatment for aII
the treatments.

Field forager numbers

Field forager numbers in 1984 was less (p<0.05) in
treated fields than control fields for seven days after
treatment, (Figures 9 and 10) " In 1985 the number of
foragers in the fierd was lower for two days after treatment

for the OSOO h treatment (Figrure 11) " Honever, the field
forager numbers in the 21oo h treated fierd did not differ
from that in the control field (Figrures L2l "

The nunber of bees counted in the three 9 m2 areas did
not appear to be representative of the great deal of
activity obserr¡ed across the fields in 1984. There were

significant correrations (p<o"ooo1) between the number of
foragers observed in the fierd and the total number of bees

entering colonies (Figures 13 and 14). However, the
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Figure 9. Comparison of the nurnber of foragers j-n
treated and control plots for ttre treatment
applied on l-7 JuIy' 1984 at l-Ooo h"

Figure L0. Courparison of the number of foragers in
treated and control plots for the treatment
applied on 26 JuIy, 1984 at O8O0 h.
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Fignrre l-1. Comparison of the number of foragers in
treated and control plots for the treatment
applied on l-6 July, 1985 at OSOO h.

Figure 12. Comparison-of the number of foragers in
treated and control plots for the treatment
applied^ on 27 JuIy, 1985 at 190O h and
2r_00 h"
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Figure 13. Correlation anal-ysis of the total number of
foragers entering colonies and the total number
of foragers observed in plots in L984"

Figure 1-4. Correlation analysis of the total number of
foragers entering colonies and the total number
of foragers observed in plots in 1985"
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correlation coefficient was small (r:O.5O2). In 1985 when

fieì-d foragingr actívity area Idas expanded to 75o mzo the

correlation was significant (pc0.OOO1) and the correlation

coefficient røas larger (r:O.600) .

A further examination of the relationships between

number of foragers in the field, the nunber of foragers

entering the hives and, pollen collected showed significant

correlations (pcO.OOO1) (Figures 15 to 20)" [Ioçrevero the

correlation coefficients for aII were small (Figrures L5 to

19) except for ttre number of field foragers and po1len

col1ected in the O"A"C. pollen trap (FO"623, P<O"OOO1)

(Figure 20).

There were no differences (p>O.05) between the

proportion of total incoming pollen foragers and non-pollen

foragers over the total number of incoming foragers between

treated and control colonies for aII treatment dates and

times (Figures 2L Eo 28). There were no differences

(p>0.05) between the proportion of incoming pollen and non-

pollen forager over the total nunber of incouring foragers

across tines and colony adult numbers conpared except

that a higher proportion (pcO"Os) of pollen nas collected by

the smallest colony group (24r5OO adult bees) than the

largest colony group (51,OOO adult bees) (Figures 29 and

30) "
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Figure 15" CorreLation analysis of pollen foragers
enteripg col-onies and field forager activity
in 9 m¿ plots in 1984-

Figiure 16" Correlation analysis of non-po1len foragers
enteri¡Lg colonies and field forager activity
in 9 mz plots in l-984.

Figure L7. Correlation analysis of pollen collected
from cglonies and forager activity
in 9 m¿ plots in 1-984
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Figure l-8- Correlation analysis of po1len foragers
entering^colonies and field forager activity
in 750 mz plots in 1985.

Figrure 19" Correlation analysis of non-pollen foragers
entering^colonies and field. foragrer activity

- in 75o m¿ ptots in 1985.

Figiure 20. Correlation analysis of pollen collected
from colqnies and field forager activity
in 750 m' plots in L985.
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Figure 21" Proportion of non-pollen
total number of foragers
and treated colonies for
applied. on l-7 JUIY, 1,984

foragers Lo
entering control
the t,reatment
at ]-ooo h.

Figiure 22. Proportion of non-pollen foragers to
total number of foragers entering control
and treated colonies for the treatment
applied on 26 July, L984 at 0800 h.
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Figure 23" Proportion of non-pollen foragers to
total number of foragers entering control
and treated colonies for the treat¡nent
applied on 16 Julyo L985 at OSOO h.

Figiure 24" Proportion of non-po1len foragers
to total number of foragers entering control
and treated colonies for the treatments applied
on 27 July, 1-985 at 1900 h and 21-00 h.
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Figure 25. Proportion of pollen foragers to
total number of foragers entering control
and treated colonies for the treatment
appJ-ied on L7 JuIy, 1984 at 1OOO h"

Figure 26. Proportion of pollen foragers to
total number of foragers entering control
and treated. colonies for the treatment
applied on 26 JuIy, 1984 at 0800 h.
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Figure 27. Proportion of pollen foragers to
total number of foragers entering control
and treated colonies for the treatment
appJ-ied on 16 JuIy, 1985 at OS0O h"

Figure 28. Proportion of pollen foragers to
total number of foragers entering control-
and treated colonies for the treatments applied
on 27 JuIy, L985 at l-900 h and 2L00 h"
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Figure 29. Comparison of the proportion of pollen
foragers at various times of the day and
colony adult numl¡ers"

Figure 30. Comparison of the proportion of non-pollen,
other, foragers at various times of the day
and colony adult numbers"
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DISCUSSION

The foraging behavior of honey bees is affected by

extra-colony factors such as v¡eattrer (Szabo 1980; BurriII

and Dietz 1981-), and intra-colony factors such as queen

state, amount of brood, and available stores (Jay l-986) .

AIl measurements used in this study indicated that the

foraging activity (includes the number of foragers entering

colonies, pollen collected and number of foragers working

plots) of honey bees was reduced for two to three days after

treatment. Malathion has no residual funigant activity in

the laboratory (Clinch L967) nor in the field (Metcal-fe

1967) . Most of the nethyl merõaptan (roaximum 30 ppru) has

been removed from Clrthion so it is not ex¡lected to be a

repellent. The apparent lower forager activity would appear

to be due to the initial loss of foragers by direct contact

mortality and by residual contact rnortality (Johansen et aI.

1983) " Foraging activity of treated colonies reached and

exceeded pre-treaturent and. controí ,".r"Is by the fourth day

after treatment for all treatnents. The low (p<0"0001)

number of foragers entering hives obsen¡ed on the fourth day

after treatment for colonies treated on 27 ,fuly, 1985 at

21OO h was due to a carbaryl application on a neighboring

sunflor¡er field on the evening of the third day after
treatment"

The caste structure of a'colony is influenced by the

rel-ative number of caste members in the colony populat,ion

(Wilson 1971) " Generally the task performed by an
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individual is determined by its age" Initially duties

include brood cell- cleaning, comb building, brood care and

çßreen care, groorning, feeding nest mates, ventilating and

shaping comb, receivingr nectaro packing poll-en and storing

nectar and finally, foraging (Wilson 1-97L) " However, in

colonies where the majority of worker bees are removed from

the hive, workers begin foraging at younger ages (Líndauer

l-961-; Winston and Ferguson 1985). It is not knoçrn trow

quickly individuals react to changes in the relative number

of members within a caste or by what mechanism recognition

of the changes occur. Ilotrever, within the practical terms

of this study the colony response to the loss of the

foraging caste took about four days after treatment.

The proportions of po1len foragers and non-pollen

foragers to total foragers was not different (p>0"O5)

between treated and control colonies (Figrures 21 to 28) "

The proportions of pollen foragers and non-pollen foragers

to total foragers was not different, (p>0"05) with different
adult populations except that the snallest population group

(24r5OO adult bees) collected proport,ionately more pollen

than the largest population group (51'OOO adult bees). It
has been established that the amount of pollen gathered

increases s¡ith the amount of brood in a colony (Free L967 î

Al-Tikrity et aI. L972r Todd and Reed 1970) " Nelson and Jay

ll:g7zbl detemined that the amount of sealed brood in a

colony reaches a maximum about 75 days after package hiving
and that the ratio of sealed brood to adult population



76

declines during the same period due to the large number of

adult bees in the colony. Srnirl and Jay (L972) suggest that

nectar flov¡s stimulate brood rearing" The small population

group (24,500 adult bees) in this study collected more

pollen than the large population group (51,OOO adult bees)

possibly because there was a greater ratio of brood to adult

bees in the small population giroup than the large population

group" Since both Eroups had been hived at about the same

time of the year and had reached, or were near, their

maxi¡num brood production. AII e>qperiments rrere conducted at

a tine when the canola was expected to have its highest

nectar flor¡" The greater proportion of pollen foragers from

the smaller population group may also be attributed. to an

increase in brood rearing stimulated by the nectar flow.

The significant positive correlation between the number

of foragers entering hives and the number of foragers

counted in plots indicated that the field forager counting

method could be used to assess the iurpact of an insect.icide

treatment on foraging within specific crops, especially if
the insecticide is repellent. Counting the number of
foragers entering the hive nay be deceptive since untreated,

attractive crops may be within foraging distances and

thereby attract,ing foragers away from the target crop"
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CHAPTER V

THE EFFECTS OF ULV T'ÍAIÀTHTON ON HONEY BEES:
(1) APPLTCÀTrON RÀTE AND CÀGED BEE MORTALITY,

(2) DRIEfo AND (3) MALATHION RESIDUES.
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INTRODUCTION

The evaluation of contact mortality on honey bees

treated v¡ith ULV malathion is rnost ofLen done by exposing

caged bees, inside and outside the treated area, ât rates

greater than 21-O ml/ha (Anderson and Àtkins 1958; Metcalfe

L967; Anderson and Atkins 1968; Levin et aI" l-968). Higher

rates of ULV nalathion cause greater rates of mortality than

Iower râtes (Atkins et aI. 1975) " ?{omeldorf (L974) obsetrred

that the highest mortalities of caged bees lrere found at or

near the center lines of aircraft passes where higher

application rates were expected. Dixon (1983) reported a

¡'strong correlationlro without statistical analysis, between

observed application rate and caged bee nortality. The

laboratory contact LDUO of malathion for honey bees is 0.709

ug/bee (Àtkins et al. L975, 1981).

Downv¡ind deposition (drift) of aerially applied

pesticides depends on droplet size, release height,

meteorological conditions, and topography (Matthews 1982) .

Smal-I droplets drift further than large droplets, droplets

disperse more and travel further when released. from greater

height,s, increased wind speeds and updrafts contribute to
droplet drift, and uneven topography contributes to the

fonration of eddies, gusts of wind that will increase drift,
and surface friction that will decrease drift" As the

distance from the target area increases caged bee mortality
decreases (Metcalfe L967 t Moffet and Stith l-9?2). These

studies were done with conventional aerial application
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systems that produce droplets from 2OO to 25O microns MMD

(Matthews 1982). Small droplets travel- further than large

droplets because they remain airborne for longer periods of

time (Crabbe et aI" 1980; Hartley and Graham-Bryce 1980)

and, smaller droplets have a greater tendency to impinge on

sharply cun¡ed small surfaces, suctr as antennae, ttran on

large surfaces, thus decreasing the dilution factor expected

as smaIl droplets disperse (Spillnan 1-976; Johnstone 1-985)"

Ievin et aI" (1968) reported detectable levels of malathion

residues in dead bees col-lected from dead bee traps tr-ocated

5 " 6 to 6.4 Im away fron ttre treated area after treatment

with 560 nllha ULV nalathion" Dixon (L983) reported highly
variable mortality up to 2"4 lan away from the treated area

after treatment with 210 url/ha ULV malathion from high

altitudes (l-OO meters) .

Malathion residues trave been detected from alfalfa,
pollen from pollen traps and, Iive and dead bees exposed to 560

mt/ha ULV malathion (Levin et al. 1968) " The highest

malathion residue levels were found on alfalfa and pollen.

U1tra-Iow volume malathion at 560 nI/ha applied to alfalfa
reqrrired 131 hours of field weathering to reduce bee

mortality to 25t after confined exposure to the treated
alfalfa (Johansen et aI" 1983) "

The purposes of this study t¡ere to deter¡rine: (I) the

relationship between application rate and caged bee

mortalíty; (21 eaged bee mortality from iow ait,itude (3

meters) ULV marathion apprications of 210 rnrlha up to 1 l<¡n
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from the target area (drift); (3) rnalathion residues inside

and outside the hive and to estimate a letha1 contact area

("*2) using teflon covered slides.

T{ATERIAT,S AND ¡{ETHODS

Part 1

Cacfed bee and moscnrito mortality
Caged bees krere placed at monitoring stations,

described belowu spaced 25 m apart across the treated area

perpendicular to the ftight path of the aircraft. The cages

were made of 3.5 mm nire mesho in the shape 9f . cylinder, 6

cm in diameter and. 21.6 cm long. nacn ".n"-"år,tained thirty
worker bees that were captured from the brocked entrances of
colonies. The bees hrere caught in the late afternoon and

stored in cages in their colony until they were used, that
evening or the next morning" The colonies that caged bees

were captured fron were maintained in an apiary composed of
colonies made up from excess brood and bees of the parent

apiary (nucleus colonies) "

The caged bees were held in their own colony so

t'heir nest mates could attend to their needs, this ensured

1O0B caged bee sur¡¡ival before the cages were placed. For

each treatment there s¡ere six control cages handred in an

identical manner as the treated caçfes.

One hour after treatment t.he cages were coilected,
Iabeled and placed in a cool dark ¡rlace on top of sugar

syrlp fl¿mpened paper towering. Mortarity counts r¡ere taken
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L, 6t and l-2 hours after treatment" OnJ-y those individuals

that showed no movemento after prodding, were counted as

dead"

Since the registered application rate of ULV mal-athion

used was to control adult mosguiLoes, adult mosguitoes vrere

used to determine the efficacy of the treaLment" Caged

mosguitoes rrere provided by the mosquito laboratory of the

Department of Entomology (University of Manitoba) " Twenty

newly emerged female Aedes sp" rúere placed into each 1-5"2 cm

X 2"5 cm X 2"5 cm cage. Four sides of the six sided cage

ü¡ere made of clear plastic and the two remaining sides vrere

made of l- mm plastic mesh" The cages were positioned so the

plastic mesh would be ex¡losed to the spray" For each

treated apiary there r¡ere 3 control cages" one hour after

treatment the cages were collected, labeled and kept. in a

cool dark place on water dampened paper toweling. Mortality

counts $rere made at l-, L2, and 24 hours aft,er treatment.

Only those individuals that showed no movement, after
prodding, were counted as dead"

Monitoring stations

Deternination of the relationship between application
rate and caged bee and mosguito mortality were conducted at

monitoring stations consisting of a bee cage (1 meter above

ground level (a.g"I")), a mosguito cage (0"5 m a.g"I") , a

teflon coated microscope slide and a Ge1man Type A-E glass

fiber filter nat (1 m a.g.I") " The monitoring stations trere

placed every 25 m across the treated areas perpendicular to
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the flight, path of the aircraft- The aircraft flew
perpendicular to the direction of the wind progressing

upwind except for the 27 JuIy, 1985 19OO h treatment.

Because of a por¡er line and shifting wind conditions the

aircraft ldas required to make passes that had the aircraft
heading with the wind and into the wind during half of the

treatment" Each treated area contained L6 monitoring

stat,ions"

Rate (rnI/haì of malathion measurement

The amount of malathion on glass fiber fitter mats was

measured. by capturing the deposited spray on Gelman Type A-E

glass'fiber filter mats with a minimum particle capture of
0.45 microns. The mats rrere l-o cm X l-o cm and pre-rinsed

with 3 washes of acetone and 3 washes of hexane (solvent

rinsed) then wrapped in solvent rinsed aluminum foil paper

until they Ì.¡ere used" The mats t{ere handled with solvent,

rinsed stainless steer forceps" The mats !¡ere stationed 1 m

a"9.1. on a 10 cm X 10 crn platform covered with solvent

rinsed aluminum foil paper" Ã,fter appJ-ication the glass

fiber filter mats were left for one hour then collected.,
wrapped. in solvent rinsed aluminum foil paper, labeled and

stored at -18oC tíl1 extraction.
Soxhlet extraction !¡as used. The glass fiber filter

mats were praced in the inner tube of the soxhlet apparatus

and a condenser was fitted to the top of the apparatus. A

round bottom flask containing 2oo ml of ethyr acetate as the

solvent r¡as fitted to the bottorn of the apparatus. The



83

filters were extracted for six hours and then the extracts

were concentrated to 5 ml at 38oC and vacuum pressure. The

solvent was exchanged to 202,A-trímethylpentane (TMP),

diluted to l-O mI and stored in gtass amber injection tubes

with teflon Ìined lids at 4oc till injection.

Extracts were injected into a Varian Model 3700 gas

chromatographer wíth a phosphorous flame photometric

detector (Tracer 560/700A HaI EIec Cono Detector) and a

Hewlett-Packard 3390Ã, Integrator Digital Printout" The

column temperature !¡as maintained at 2OooC (isothermal),

injector temperature at 22OoC and the detector temperature

at 25OoC" The results were converted from parts per

million (ppn) malathion to mI per hectare malathion" The

lower detection limit was O"O5 ppn" À total of 48 glass

fiber filter mats were analysed"

Part 2

Downwind drift mortalitv

Caged bees r,{ere placed lm a"9"1", 50, 100, 2OO, 300,

40O, 500, 600, 700, 800, 900, and LOOO meters as¡ay from the

edge of the treated area in a downwind direction. Mortality
counts were taken at L, 6, and 12 hours after treatment"

OnIy those that showed no movement after prodding lrere

counted as dead"

Part 3

Malathion residue detection

Sanples collected for malathion residue detection were



84

dead bees from dead bee trapso pollen from pollen traps,

hive pollen, hive raw honey, hive trilax, and canola blossoms"

AII- samples rdere placed in solvent rinsed jars with solvent

rinsed aluminum foil lined lids and stored at. -tgoc till
extraction" Where necessary samples !¡ere handled with

solvent rinsed stainless steel forceps" The same extraction

method was used for all sample t1pes"

The rnajority of sample sizes rrere 10 grams" Any

sampJ-es less than 1,0 grams required individual treatment

with respect to extraction dilution and conversion to ppm

malathion" Alt eqrripment used was rinsed 3 times with

acetone and 3 times with hexane" Sarnples lrrere weighed,

Iabeled and placed into Polytron centrifuge glass jars with

l-OO ml of ethyl acetate. The samples !üere homogenized for
at least 3 minutes to up to 5 minutes" The samples were

then centrifuged at 3000 rpm for l-5 rninutes" The

centrifuged samples rsere decanted over muffled sodium

sulfate in fretted funnels and the extract was caught in
500 mI round bottom flasks. The extract q¡as condensed to 1

¡ol with a flash evaporator at 38oC under vacuum pressure.

Three rinses of l[MP were added to the extract. Then the

extract, v¡as centrifuged once more for 5 minutes at 1500 rpil,
decanted into glass amber injection tubes and more TMp was

added, diluting to l-O ml" The extract was stored at 4oC

til1 injection" Injection eguipnent and specifications were

the same as those used for the glass fiber filter mat

extractions.
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Some sampl-es such as honey and erax proved to be

particularly difficult to homogenize" Since aII preliminary

work showed that residues were below the detectable level
for these samples further sampling was abandoned to avoid

any damage to the equipment"

A total of 63 canola bl-ossom sanples, 42 pollen

sampleso 30 dead bee samples, 3 honey samples, 3 $¡ax

samples, and 3 hive pollen sanples were analysed"

Ouality control

To test the residue detection methods for percent

recovery, untreated materials (bees, pollen, blossoms,

solvent carrier only etc") were ,spiked' with a standard 10

ul of O.15L ng/uL of malathion provided by Cyanamid" Spiked

materials were tested initially, and then once injection of
treated materials was being conducted spiked solvent extract
rras injected for every treated material extract. Throughout

the course of residue analysis percent recovery ranged from

88å to 113å

Droplet size

Teflon coated microscope slides were used to determine

spray droplet, síze" Cyanamid reconmends that droplets
ranging from 40-60 microns be used with aerial applications,
however smaller droplets can be used and are just, as

efficacious (Mount and Lofgren t-967; Mount et aI. LgZO) "

The recornrnendation is directed toward applications made from

30 to 4 " 6 m at speeds of 242 ktn/h" Lower speeds and
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altitudes may be used q¡ith smarrer droprets (Mount l_9zo) .

The srides s¡ere reft for one hour after apprication and then
collected and labered. Determination of spray droplet size
was done according to the method outlined by cyanamid for
cythion (see Appendix 2) r¡ithin 36 hours after col-lection-
Ã, total of 66 teflon slides were counted-

The metÌrod used was adapted from a method. outLined by

Iladaway et ar. (1928) " rn 1995 10 tefron coated slides s¡ere

chosen randonry from the three treatments (3 from L6 Jury,
OSOO- h, 4 from 27 July, 19OO h, 3 from 22 JuIy, zLOO h)

and the total number of drops p"r 
"m2 

were counted, as welr
as the MMD determined for eacÌr slide" An average droplet
size and and average totar number of drops p"r 

"r2 *.=
determined from the sampre. From this nanogirams of active
ingredient per drop were estimated as werl as the area that
a bee wourd be required to expose herserf to in order to
come in contact with a lethal dose of residual marathion.

Statistical analysis

correlation analysis r¡ras used to determine the
rerationship between apprication rate and. mortarity of caged

bees and caged mosquitoes (Finney l-964; snedecor and. cochran

1980) " Atl other data is presented as means and standard
errors.



ót

RESULTS

Part 1

Relationship bett¡een application rate and mortality of caqed

bees and moscruitoes

In l-984 a very li¡nited amount of data were collected.
Droplet size data and residue analysis data were combined

with 1985 results"
Six hours after treatment aII treated caged bees v¡ere

dead" Data k¡ere corrected for control caged bee mortality
(O "72't. Caged nosquito results t¡ere based on l-2 hour counts

and, corrected for control caged mosquito ruortality (3.7e") .

The correlation was significant (pcO.OOOI-) for caged

bee mortatity and application rate (r:O.9OO) (Figure 31).

The correlation was significant (pcO"O00l-) for caged

mosquito mortality and application rate (r=0"920) (Figure

32) "

Part 2

Downwind drift rnortalitv

The downwind drift mortality of caged bees outside the

treated area for aII three L985 treatnents are shown in
Figures 33, 34 and 35" The 19OO h treatment had the highest

mortality and most fluctuating mortality pattern (Figure

34). The 0800 h and the 2LOO h treatments had rnortality
ranging fron 29 "52 to l-? ¡rortality up to 600 m from the

treated. areas" From 600 ¡n to 1000 m mortality ranged from

L0.22 Lo O? (Figures 33 to 35) "
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Figure 3L" Correlation analysis of ULV malathion
apptication rate and one trour mortality
of caged honey bees"

Figure 32. Correlation analysis of ULV malathion
application rate and l-2 hour rnortality
of caged mosguitoes"
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Figure 33. Caged bee mortality (+ standard error) at
various distances downv¡ind from the
treatment appl-ied on 16 JuIy, l9B5
at OSOO h-

Figure 34. Caged bee mortatrity (+ standard error) at
various distances downwind frorn the
treatment, applied on 27 JuIy, 1985
at l-9OO h"

Figure 35" Caged bee mortality (+ standard error) at
various distances downwind from the
treatment, applied on 22 JuIy, L9B5 at
21_00 h"
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Part 3

Mal-athion residues

Malathion residue levels, detected in pollen from

pollen traps are shown in Figure 36" Twenty-four hours

after treatment the malathion residues k¡ere below detectable

Ieve1s"

Malathion residue levelsn detected in canola blossoms

are shown in Figure 37 " Tr¡enty-four hours after treatment

the malathion residues srere below detectable levels.
Residue }evels for all other materials tested are shown

in Table 12" Bees used here were from cage studies

conducted. within the treated area. Bees caught in the dead

bee traps rrere used for residue detection; material was

analysed fro¡n their honey sto¡nachs because they would have

been foraging" Due to the great number of bees required to
collect a sample size sufficient for extraction, only three

samples of about 4OO bees each were tested" À11 of the

honey stomachs hrere collected from bees treated on 27 JuIy,
L985 at 190O h. A very low level of ¡nalathion Ì,¡as detected

in the honey stomachs (0.09+0.03 ppn) " Raw honey and wax

lrere very difficult to work v¡ith. The samples were very cold

and thus resísted honogenization and rather coagulated into
hard masses that, constantly janmed the Polytron and

overheated the motor" No sarnple had residues above the

detectable Linit" Poll-en coLlected from within the hive

aLso had no residues above the detectabie limiÈ.
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Figure 36. Malathion residues (+ standard error) at
various times after treatment on pollen
collected fron pollen traps.

Figure 37. Malathion residues (+ standard error) at
various times after treatnent on canola
blossoms "
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TÀBLE L2. Malathion residues
hive pollen, honey,
one to three hours

detected from dead bees,
q¡ax, and honey stonachs,

after treatment"

SAMPLE NUMBER OF
SAI,fPI,ES

TIME AFTER
TREÀTMENT

(HouRS)

MEAN PPM
MÀI,ATHTON

(!sTD" DEv. )

DEAD BEES

HIVE POLI,EN

HONEY

WAX

HONEY
STOMÀCHS

30

3

3

3

3

l_

3

3

3

L o. o9+o " 03
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Droplet size

The average droplet size produced by the application

systern used was 43.3+12"5 microns for both 1984 and l-985

(Table 13) "

Estimate of a lethal contact area (cm2)

Results of the contact residue exposure estimate are

shown in Table 1-4 "

DISCUSSION

Part 1

Relationship between arrÞlication rate and mortalitv of caqed

bees and moscruitoes

The laboratory contact LDSO for malathion is 0.709

ug/be.e (Atkins et aI. L9'15, 1981-). Atkins et aI" (l-981-)

have a prediction method of field toxicity based on

Iaboratory contact LDUO and a field applied rate. However

tle rnethod cannot be used for predictions v¡ith ULV

formulations since the method is based primarily on

formulations that have relatively low active ingredient

rates and high foruulated product application rates per

hectare conpared to ULV malathion"

No other work reports the relationship between

application rate and. mortality of caged bees. However, some

work suggests that a positive relationship exists (Clinch

L967, L969: Clinch and Ross L97O; Atkins L975; Johansen

L977; Dixon 1983; Johansen et al" l-983).

A field LDSO for malathion or any other insecticide,
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TABLE l-3. Spray droplet size (Ifr1D) and size range for all-
treatments "

TREATMENT TIME T{EAN RÃNGE N

JI'LY L7 ,

JTJLV 26I

JULY L6,

JULY 27,

JULY 27,

1000

0800

0800

1900

2100

1984

l-984

l-985

l-985

1985

4a

33

39

47

51

5-73

t_-105

3-89

1-96

1-103

6

6

20

20

20

TOTAL 43.3+12.5 72
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Tå,BLE 3-4" Contact, residue elcposure estimate.

Drop size in microns 3O.O+11.7

Nunl¡er of drops ¡rer cr2 at 2l-o rnL/ha 44g.5+s9.8 (450)

Ng a.i. per drop at 95* active ingred.ient 0.359

Contact area for exposure to a lethal d.ose 43 
"*2(based. on a contact LDso of 0 "7Og ug/bee

Atkins et al. L}ZSI Jv
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that is eNpressed in the same units as the application
method, would assist insecticide appl-ícators and beekeepers

in assessing the expected potency of the rates being

applied" Presently, appJ-icators and beekeepers have

available to them the residual activS-ty time of an

insecticide and the laboratory LDSO' usually expressed in
ug/bee" This infornatíon helps the beekeeper and.

insecticide applicator to compare t'he relat,ive potency of
one insecticide to another but does lrot hel-p in determining

the expected potency of the rate ttrat, is to be applied"

It is difficutt to determine a fíel-d LDSO since there

is little control over the amount of malathion that will be

deposited in any one p1ace" Therefore, a good range of
application rates, necessary for probit analysis, is
difficult to achieve in a field situat,ion"

Part 2

Downwind drift mortality-
The mortality for the treatment applied on 27 JuIy,

L985 at 1900 h showed the greatest variation in drift
mortality from the treatment area" The drift cagies were

praced in the niddle of a 3oo m tíI1ed border betr,¡een tvro

wheat, fields" The aircraft ç¿as ftying passes that required
it to head int,o and with the wind and to approach the swath

so that the wind and the vortices would be pushing the spray

directly into the border where the caEes rdere Fì aced. A

combination of wind, aircraft vortices, and possible

turbulence (as a result of s¡arrn air and r,rarm soil
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conditions) within the border nay have contributed to the

variabl-e downwind dispersal of the spray droplets and

resultant variable caged bee mortality.

An aircraft produces vorLices generated from a

combination of airfloq¡ over the wings and the propeller. The

vortices radiate primarily fron the tips of the aircraft
wings circulat,ing counter cloclcpise and rolling i-nward but

expandingr as the distance from the aircraft increases

(Matthews 1982). The centrifugal force within the vortex
pulls droplets to the outside and sends them in whatever

direction that, portion the vortex happens to be head.ing in
(Lawson and Uk 1980; Matthews 1982). A small droplet does

not reach that area within an aircraft vortex where the

airflow direction is downward but, instead remains airborne

and is influenced by an rrupwashrt of the vortex (Lawson and

Uk 198Q). The downqrind dispersal from experimental sprays

show that the total volume of the spray ís still airborne

1-20 m from the release point and 13 m above ground level
when droplets are less than 64 microns in diameter (Lawson

and Uk 1980) " Other factors that influence downqrind

dispersal besides droplet, diameter are release height, air
turburence (upward and downward) and various environ¡uentar

factors (Jegatheeswaran 1978; Matthews 198O) "

The drift urortality, in this studyn l- km dov¡nwind from

the treatment areas was expected given the dropret size (see.

Ghassemi et aI" L982; Matthev¡s LgaTi Ware et aI. I9g4) and

the efficacy of srnall droplets (Himel Lg6g; Spitlman t-9?6;
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Hartley and Graham-Bryce l-980). However, there did not

appear to be a direct rel-ationship between the distance from

the treatment area and drift mortality as reported by Moffet

and Stith (1-971-) " Instead, the drift mortality fluctuated
with no apparent relationship to the dístance from the

treatment area. Dixon (L983) obser:rred si¡nilar fluctuations

that appeared to be more closely rel-ated to drift quantity

as measured on teflon coated slides rather than distance

from the treatment area. AtkÍns's (1981) model although

based on different insecticide fo¡mulations recognizes that

increased application rates resul-ts in increased expected

mortality. It appears that, the downwind deposition of the

spray droplets causes greater and lesser amounts to be

deposited at various distances from the treatment areas.

Part 3

Malathion residues and estirnate of a lethal contact area

The level of residual malathion that is harrnful to
honey bees depends on the amount of residue the honey bee

comes into contact with (LD5'=O.7O9 ug/bee) and whether the

residue is available for ínsecticidal activity" The

toxicity of residual insecticides is usually deternined by

confined exposure studies (C1inch L96L¡..Johansen L9721 "

However, bees do not rest for long periods of time on

treated blossoms or treated leaf matter but they actively
collect pollen and nectar from the f,loral sources ttrat are

available" In the case of Brassica napus the najority of
foragers collect nectar intentionally and pollen
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incidentally; very few bees collect. only pollen (Langridge

and Goodman 1-975i Free and Ferguson 1983). Foragers may

approach the flower from the side and thus do not come into
contact with the stigima or anthers or, they may approach the

flower from the top and come into contact with the stigima

and anthers and clasp onto the petals ç¡ith their tarsi (Free

and Ferguson 1983) " The nunber of flowers a forager will
visit ranges fron l-O to 14 per minute and

from 4"1 to 6 seconds are spent visit,ing each flower (Free

L97Oi Benedek and Prenner L972; Langridge and Goodman L982, "

Those foragers that approach the flor¡er from the top must

al-ight onto the blossorn in order to insert the tongue into
nectaries at the base of the corolla. However, those bees

that approach from the side of the flower nay have li¡rited
(or no) contact with the flower as they can remain hovering

while foraging"

The amount of contact a forager will have with a

treated plant wilr vary and be cumulative as a result of the

number of visits made to flowers" Exposure is not continuous

as in the confined exposure studies where bees are praced in
containers with treated materials and continuousl-y exposed

to the treated material, for long periods of time" A source

of extended contact can result from the pollen load a bee

carries while foraging on canola. Approximatety 10,OO0

grains of pollen can be found on a forager in canola

(will-iaurs 1980). The foragrer will- either discard porlen
grains from her body or pack the potren into her corbiculae
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(Free l-97O) " Brassica napus pollen Erains are 4L to 47

microns in diameter (Naír and sharma Lg76r, about the same

size of the droprets used in this study" Gratwick (195?),

using lipophitic dye to measure the uptake of insects
walking on residual deposits found that during the first few

steps the amount, of residue picked up was simírar for worker

s¡asps (vespula vulqaris(I,"))u ground beetles (Feronia madida

(F")), solier beetles (Rtr.agonvcha fulva (Scop"))o cotton
stainers (Dvsdercus fasciatus (Sign")), and plant, bugs

(Notostira erratuca (I,.)). The smarrer ínsects picked up

more particles per unit weight,, the hind legs for aII
species picking up the same or more part,icres than alr the
other regs combined" rnsects nith higher densities of setae

were protected from the particles because the particles r.rere

herd avray from the main surface of the cuticre. Howevero

the cleaning actions of insects, with dense setae, offset
any protection the setae provide.

A forager wourd have to come in contact q¡ith Lg,7so

droprets of 30+11"7 microns in diameter (Ìfi{D) with o.o3s9 ng

active ingredient, per dropret to be exposed to a contact.

LDSO dose. Even íf the droplets that, fall onto pollen
grains are smal]-er (and as a result, carry ress active
ingredient of rnalathíon) a forager raiLl becoue covered

severar times a day with a totar of more'than 19,?50 porlen
grains. The frequent cleaning act,ivity of the honey bee

t¡ourd bring the residue into contact the beers body.

Assurning that a honey bee r^¡eighs abouL LZB mg the contact
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LDSO based on a laboratory LDSO of O"7O9 ug/bee is 5.S3

ppn. The residuar marathion recovered from porlen in poì-len

traps one hour after treatment was s"7+r.6 ppm" sufficient
to produce a lethal reaction"

The blossom residual malathion l-evel was LS.3+Z"O ppm

one hour after treatment" The estimated area a forager
would have to be exposed to, to come into contact with a

lethal dose (based on a laboratory contact LD56=O"ZO9

ug/bee), kras approxinately 44 .*2. Because of the beers

foraging behavior of on Brassica naþus they would have the
greatest contact with brossoms when they approactr frowers

from the top and/or v¡hen they actuarty tand on ttre blossom

and contact the floral parts. À combination of being
covered with porren grains and repeatedry contacting froral
parts wourd probabry be the most hazardous form of foraging.

The oral LDSO of malathion is O"38 uglbee (Àtkins et
aI" 1-975, l-981) " one hour after treatment the marathion
residue rever detected in porren from porlen traps was s.7
ppn" rn order to consume a rethal dose a bee weighing L2B

mg wourd be required to consume o"sz çtrams of porren from

the polren trap one hour after treatment. rt is not known

how much pollen a bee wirr consume at one time but it is
unlikely an Índividual bee courd consume four times its
weight in polren during one feeding" polren loads are about

L5 ng and range from z to 20 ng (park Lg2z; Fukuda et ar.
1969) " Even if a bee were to eat her entire pollen load she

would not consume a lethal dose.
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The resurts of this study indicated that initiaJ-ry (the
first 1-2 hours after treatment) foragers coul_d accumurate

lethal doses of mal-athion and that subsequentry foragers
could accunurate sub-rethar doses of malathion. The

duration and eNtent of effects of a sub-rethar dose of
marathion on honey bee individuars and colonies is not
known. More work is needed in this area-
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CHAPTER VI

GENERAL DISCUSSION



107

Col-onies of honey bees were treated with aeríalJ-y

app}ied ¡r1tra-I-ow voI-une malathion at a rate of 21O mL/ha

from 3 meters above ground level during Brassica napus L"

(Westar canola cv.) nectar flows in the nid to latter part
of JuIy in 1984 and l-985 "

Treated colonies gained significantl-y (pco"05) Iess

weiEtrto on a daily basis, than control colonies for 3 to 7

days after treat¡¡ent,. Sma1l treated colonieso with brood

diseaseso gained sígnificantly (pco.05) less weight, than

smaLl control colonies with brood diseases, for up to 21-

days after treatment (Table 2) " Large, healthy, treated
colonies gained the same as or more weight than large,
healthy control colonies for 14 days after treatment" Cool,

vret, inclement weather resulted in low weight, gains for
control colonies and lov¡ to negative weight gains for
treated colonies (Table 3) " Treated and control colonies

followed. the same patterns of daily weight gain (Figure 4).
Some of the colony weight lost, may be attributed to

forager losses" However, the nunber of bees in the dead bee

traps q¡as not sufficient to account for the weíght loss

alone" lftre. majority of the bees that were lost, dÍd not,

return to the hive and thus, were assumed to be lost,. in the

field, There is a positive, significant correlation
between honey bee flight activity and colony weight gain

(Szabo L980) " Honey bees foraging on one nectar source

species on the same day and in approxinatel_y the same

environmental condit,ion would be ex¡rected to forage in
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similar patterns throughout the day. rn this study treated
col-oníes did not gain the same amount of weight as control
colonies but, treated colonies began to gain weight in the
same dairy weight gain patterns as control coronies. Thus,

daily monitoring for one ç¡eek, treated. and control colony

weight gains f,or colonies foraging in sinirar conditions
could be trsed as a rough indicator as to when treated
col-onies resume control colony foraging patterns. Siurply

comparing coJ-ony weekl-y weight gains wourd onry Índicate the

nectar colrect,ing capacity of colonies rather ttran a rough

estimate of the foraging activity"
Colony adult numbers r¡ere estimated by estimating the

number of bees on arl the frames in each hive (Nerson and

Jay 1-9724). ådult numbers for treated colonies rrere

significantly rower (p<o.ooo1) than contror colonies for B6

days after treatment (Tables 4 and 5). Colonies with
greater increases in numbers gained less weight than
colonies with lesser increases in numbers (r:-O.g2O

pco-ooo1) (Figure 6) " coronies with large numbers gained

more weight than coronies with smarr numbers (r=o.9o9

pco"00o1) (Figrure 7) " r,arge colonies increased in numbers

Less than smalL colonies (r=-O "g2L p<O.OOO1) (Figure 8).
sub-Lethal doses of organophosphates cause colonies to

produce ress brood" honey, and wax (Baker and warler 197g)

ando to de¡nonstrate aberrant behaviour (Nunarnaker et ar.
1984). The significantry lower treated colony numbers may

be due to brood cannibalism for a period of time after
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treatnent" Since co}ony adul-t numbers and number changes

affect coJ-ony weight gainu studies eNamininE the weight

gains of colonies involving insecticide applications should

include not only colony sizes butn also the change in number

during the time weight gains are being neasured.

Addit.ional-Iy, brood measurements should also be included to
det.e¡mine effects on brood.

Dead bee trap counts &rere significantly (p<O"Os) higher in
treated coloníes than control coloníes for 3 to 4 days after
treatment, (TabJ-es 6 and 7) " The method used to estimate

adul-t. nr¡mbers in colonies sras disruptive and resulted in
high dead bee trap counts. Dead bee traps measure only
those bees that, die at the hive. The majority of the

foragers that were in the field at the time of treatment

e¡ere probabry unable to return to their hives and died in
the field.

Treated colonies collected significantly (p<0.05) Iess
porren than contror colonies for 2 to 3 days after treatment
(Tabres 8 and 9). The number of foragers entering coronies

was sigrnificantry (p<o"ooo1) lower in treated colonies than

ín control coloníes for 1 to 2 days after treatment (Tabtes

3.o and 11) " The nunber of foragers ín treated field prots
r*as Loçrer for 2 to 3 days after treatment, (Figures 9 to 12) "

Malathion is not a reperrent so the significantry lower

foraging by treated colonies was due to the loss of
foragers"

The correlation between the nunber of foragers
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entering colonies and the field forager activity was

significant (p<O.OOOL) in both small and large plots" The

correlation coefficient was larger for the larger plots
(r:O.600) than for the small plots (r:O.5O2) (Figures 13 and

14). Correlations of pollen foragerso non-pollen foragers

and pollen collected between field forager activity in sma11

and large plots was significant but the correLation

coefficients were Low (r:O"47L to O "6231 (Figures t-5 to 20).

The significant positíve correlation between the nurnber

of foragers entering colonies and the number of foragers in
plots ind.icated that counting the nu¡nber of foragers in
field plots could be used to assess the impact of an

insecticide treatment on foraging activity. Larger plots
had higher correration coefficients and appeared to be more

representative of the foraging act,ivity in the treated area

than small plots. Forager entrance activity may be

deceptive since, untreated, attractive crops may be within
foraging distances and thereby attract,ing foragers av¡ay from

the target crop

The nu¡nber of pollen and non-pollen foragers entering
col-onies were counted to detemine the proportion of polren
and non-pollen foragers between treated and control colonies
and, between snäIl (24-r5oo bees) and large (SL,ooo bees)

colonies. The proportion of porren foragers and non-porren

foragers was the same (p>o"os) for treated and control
coLonies (Fie-rires 2i to 2s)" There was no significant
difference in the proportion of pollen and non-pollen
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foragers betç¿een colonies of different sizes except small

coloníes (24r5OO bees) had proportionately more (pc0.05)

pollen foragers than large colonies (51rOOO bees) (Figures

29 and 3O) " The smal-I colonies may have had more pollen

foragers than the large colonies because there may have been

a Ereater ratio of brood to adult bees in the small

coLoníes than in the large colonies"

Caged bees and mosguitoes were placed ín the treated

areas next to L0 cm X 1-O cn gflass fiber fi.lter mats (to

capture ttre malattrion spray) " Caged bee and mosquito

¡nortality was counted. one and twelve hours after treatment

respectively" The glass fiber filter mats were analysed for
malathion and, the amount of malathion per mat rras converted

to nl/ha of malathion" The relationship between application
rate and mortality was dete¡mined by correlationanalysis"

There was a significant (pc0"OO01) positive correlation
(r:O"900) between applícation rate and caged bee urortality
(Figrure 31). There was a significant (pc0"OOOL) positive
correration (l=o"92o) between apprication rate and caged bee

nortalS.ty (Figure 31) "

The results of the caged bee mortality studies

indicated that most of the bees foraging in the f,ie1d that
would come into direct, contact with the uLV malathion spray

died within 6 hours" Those that were in contact with higher
rates of malathion died more quickly since malathion

penetratíon follo*rs first order kinetics (Matsumura 1963;

Olson and O'Brien l-963; Nobel-Nesbit L97O; Wilkinson 1973,.
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Flartl-ey and Graham-Bryce 1980). The foraEers in the field
that &¡ere in contact with high rates of, malathion probably

died in the field. Since'organophosphates affect the

ability of honey bees to communicate the location of food

sources correctly (Schricker and Stephen L97O),

organophosphates may also affect ttre orientat,ion ability of

sub-lethaln-y dosed honey bees so that they ruould become Lost

¡,¡hil-e attenpting to return to their trives" Dead bee trap
counts represented, only a sma1l ¡lercentage of the ¡¡umber of
bees that died accordíng to the adult nu¡nber estimates" The

difference between the +2 and -2 days after treatment adult
number estimate not accounted for in dead bee trap counts

was due to bees dying in the field"
Caged bee downwind nortality was variable ranging from

l-8 to 41t I k¡n downwind from the treatment area (Figures 33

to 35). Dotsnwind mortality of caged bees depended on the

meteorological conditions at the time of application;
influenced spray droplet deposit,ion" Honey bees foraging

one kilometer from their hives or apiaries located one

kirometer from a ULV narathion apprication courd be affected
the applicat,íon.

I{alathion resídues in pollen degraded. from a high of
5.7+1"6 ppn one hour after treatnent to lower than the
detectable linit in 24 hours (Figure 36) " Malathion

residues on canola blossorns degraded from a high of
L5"3!2"O ppn one hour after treatment to }ower than the
detectable linit in 24 hours (Figiure 371 . .A,I1 other'
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materi-a]- tested for nal-athion residues had very ]-ow Levers

or Levels bel-ow the detectable Iínit (Table 12) " The

average spray droplet size (¡û{D), for the spraying sysLem

used was 43"3+12.5 (Figure 13). The contact residue

elrposure estimate to an LDUO dose for honey bees, on a
teflon treated surface was approximately 44e cm2 (Table 14).

The mal-athion residues in pollen and in blossoms

reduced to levels beloç¡ the detectable 1init in 24 hours.

Hosrevero the neasurements taken on treated colonies

indicated that colonies were affected from 2 to 4 days, ât
the l-east andu up to 86 days after treatment with respect to
adurt popuration estimates" A cornbination of being covered

with pollen grains and repeatedly contacting florar parts
would probably be the most hazardous forn of foraging
because bees would be contacting the greatest surface area

with this method of foraging. After 24 hours, it is
unlikely that a foraging honey bee, no matter how

industrious an individual, wourd accumurate a tethar dose of
nalathion. Therefore, other factors are involved in
affecting coronies rather than sinple direct contact and

short, tera residual contact, Iethal exposure. Various
responses to sub-I-ethal doses of organophosphates have been

obse¡r¡ed (Schricker and Stephen 19ZO; Barker and ï{aller
L978; ando Nunamaker et al" 1994) " The effects of
sub-lethar doses of organophosphates on troney bees are not
werL known. .å, conbination of sub-lethal doses and the ross
of the foraging population may be the cause of the
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measurabl-e effects beyond the t,ime r¿hen malathion is
detectable in pol-tr-en and on hl-ossoms"
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CTIAPTER VII

SUMMÀRY ÃND CONCLUSIONS
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S{J}IIMARY

Col-onies of honey bees were treated r*ith aerially
applied ultra-low volume malathion at a rate of 21O rnt/ha

from 3 meters above ground level during Brassica napus L.

(Westar canola cv") nectar flows in the mid to latter part

of JuIy in 1984 and 1985 in the Red River Valley of Southern

Manitoba" Colony weight gain, adult numbers, adult

mortality at the hive" foraging activity (entrance counts

and field counts), caged bee mortality, caged mosquito

mortality, the application rate of malathion at the caged

bee and mosquito locations, caged bee mortality downwind

from the treated arean and malathion residues inside and

outside the hive were examined in this study"

Treated colonies gained significantly (p<0.05) Iess

weight than control colonies for up to 3 days after
treatment" SmaII treated colonies continued to gain

significantly (pc0.05) Iess weight than small control
colonies for 21- days after treatment. Strong treated
colonies gained the same amount or more weight than strong

control colonies for up to 21 days after treatment. Treated

and control colonies began to follow the same daily weight

gain pattern 3 to 4 days after t,reatment. Colony weight

gains in this study v¡ere used to compare the nectar

collecting capacity and also used as a rough estimate of
foraging activity" Inclement, weather conditions had the same

effect on weight gain as the ULV malathion treatments.

Treated colonies had significantly (p<O.OOO1) Iower
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adul-t numbers than control col-onies for up to 86 days after
treatment- There was a significant, negative correlation
between the increase in adult numbers and colony weight gain,

and between colony adult numbers and colony adult number

increase- There llas a significant, positive correÌation
between colony adult numbers and colony weight gain"

A dead bee trap was developed with two, offset, 6 mm

wire mesh barriers to prevent, hive bees from removing dead

bees from the hive" Hive bees did not remove marked, dead

bees from the traps during 12 hour test periods" Dead bee

trap counts were significantly (p<O"05) higher in treated
colonies than control colonies for three to four days after
treatment. A comparison of pre-treatment and post-treatment

population estimates to the dead bee counts indicated that
the majority of the foragier bees died in the field and not

in the hive"

Treated colonies collected significantly (pc0.OS) Iess
pollen than control colonies for two to three days after
treatment. The number of foragers entering treated colonies

t¡as significantly (p<0.05) less than control colonies for
one to two days after treatment. There was no change in the

proport,ion of pollen foragers or non-pollen foragers

entering colonies as a resurt of the treatments. Foragers

were not repelled from the treatment areas and foraging
returned to control level-s in three to four days"

There was a significant (pcO"OOOI_), positive
correlation (r=0"900) between apprication rate and caged bee
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mortality" There was a significant (pcO.OOO1), positive

correlation (r=O"92O) betr¿een application rate and caged

mosguito mortality"

Caged bee mortality was variable ranging from 1? to 4:-Z

one kilometer downwind from the treatment area. Downwind

mortality depended on the meteorological conditions at the

time of the applícation which influenced spray droplet

deposition" Malathion residues in pollen degraded from a

high of 5"7+L.6 ppn one hour after treatment to lourer than

the detectable linit in 24 hours" Malathion residues in
canola blossoms degraded from a high of 15.3+2"O ppur one

hour after treatment to lower than the detectable limit in
24 hours" AII other materials tested for malathion residues

had very low levels or levels below the detectable li¡nit at
times ranging from one to three hours after treatment" An

estimate of the total area a bee would have to come into
contact with in order to be exposed to a residual lethal
dose of malathion was determined using treated teflon
slides. The estimated area was approximately 44 c*2. A

combination of being covered with pollen grains and

repeatedly contact,ing floral par:ts would probably be the

most hazardous fom of foraging because bees would be

contacting the greatest surface area. Sub-lethal doses

probabry v¡ere responsibre for some of the effects that hrere

measurable beyond the day of treatment"

CONCLUSIONS

L" Comparing only weight gain differences between
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treated and control- colonies compares the nectar colrecting
capacity of coronies. Treated coronies wourd be expected to
gain less weight than contror coronies since forager numbers

would be lower. However" v¡hen treated colonies begin to
gain weight in a similar pattern as control colonies, this
indicates that normar foraging patterns have resumed. in the

treated colonies. In order to obse¡¡¡e a resumption in
no:rma1 foraging patterns ,truet controls are necessary.

This includes colonies foraging on an identical crop under

similar meteorological conditions.

2" Colony size and increase in size are important in
interpreting the colony weight gain" Understanding the

effect of colony size and increase in size on corony weight

gain wiII assist in ascertaining the effect of a ULV

malathíon apprication on weight gain as opposed to corony

size effects.

3. Lov¡er forager activity was due to the loss of
foragers but, by the third to fourth day after treatment, the

foraging activity neasurements used here, returned to near

contror revels. rt is berieved that, in treated coronies
workers required three to four days to respond to the ross

of forager bees within the colonies.

4. There was a significanto positive correlation
between apprication rate and mortality of caged bees and

mosquitoes. obtaining a fierd LDso for any insecticide is
difficurt since it is difficurt to control the apprication
rate at, any one prace in the fierd. However, it is berieved
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that a field LDso, expressed in rnl/ha, would be extremely

helpfur in assisting beekeepers and insecticide appl-icators

in assessing the expected potency of insecticide
applications"

5" The results indicated that foraging bees and

apiaries located up to one kiloneter from a 1ow level ULV

malathion application may be effected. The results from

this study examining the relationship between apptication
rate and mortality demonstated that the application rate
wiÌJ- deternine the mortality of caged bees. Mortality
downwind fron the target arear mây not necessarily be

dependant on the distance of caged bees from the targiet area

but, upon the amount of malathion deposited at various
locations from the target area. Droplet deposition is
dependant on release height, droplet size, meterological
conditions and, topography.

6" Resurts from polren and brossom marathion residue
analysis as wèIr as from estimating a rethat cont,act. area

indicated that, foragers coul-d accumurate a rethar dose of
nalathion within the first 12 hours and possibly a sub-

lethar dose beyond that tine by, foraging on brossoms and

collect,ing pol-len incidentally or intentionall_y"
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APPENDIX ].

t{eather conditions during
measurements were taken in

daily
1985 -

General Conditions

sunny, evening strowers
sunny
partly cloudy
sunny, Light wind
morning sunny, afternoon cloudy
sunny
morning cloudyn afternoon sunny
cloudy, showers overnight
nostly cloudy
sunny
sunny
partly cloudyn showers i_Z: OO h
sunny
sunny
sunny
partly cloudy, showers l-2: OO h
cloudy and showers
fog, cloudy, showers l_5:OO h
partly cloudy, showers 16:OO h
sunny

cloud.y, showers
morning showers, afternoon sunny
sunny, showers 17:OO h
morning fog, sunny afternoon
cloudy, interaittent, rain
heavy morning dew, showers 2O:OO
cloudy, cool
sunny, windy and cool
cloudy, showers 2O:O0 h
cloudy, showers 1O:3O h
cloudy
cloudy
sunny, shoç¡ers 19:00 h
cloudyn sunny afternoon
sunny, part,Iy cloudy evening
cloudy, showers 15:OO h
cì oudy
sunny to cloudy, shoqrers l_5:30 hpartly sunny
cloudy
cloudy, intermittent showers

the time
l-984 and

Date

1_984

JuIy L4
15
t_6

*L7
18
19
20
2L
22
23
24
25

,*26
27
28
29
30
3L

Aug. OL
o2

t_985

July 1-4
15

*16
L7
18
19
20
2L
22
23
24
25
26

*27
28
29
30
31

Aug. 01
o2
o3

Temperature

( oc)

l_8. 2
18. O

1_6. 3
16-O
19.6
16"O
L6.2
22.5
L8.7
t7 .L
16"0
l_8"9

. L7.2
19.3
2L.5
l-9.8
20.6
20 "I
2L"7
20.3

l_6. 3
l_6"1
L8"6
t-6 " l_
L7 .4
L7 "5
L3.7
L2.6
L5 "2
L7 "4
13.9
14"9
L4"4
18.7
L3"3
L4.7
17"8
t7.5
t_8"1
20.7
L9 "7
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APPENDÏX ]- conldd

rn 1984 the average temperature during the period from

Juì-y L4 to August 02 was La.7 oco with 5 days of rain out of
20 days" rn 1985 the average temperature during the period
from Jury 14 to August 03 was l-6.4 oc, with 9 days of rain
out of 21 days"
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A,PPENDIX 2

Cythion Droplet Size Determination Method

1- The eyepiece micrometer was calibrated at 600 X
magnification rdith a slide micrometer.

2" One eyepiece division equalled L.Z4 microns. Cythion
spread factor is O"69" The conversion factor equalled
L"74 ¡nicron X O.69 : 1.2 microns.

3. The first 2OO droplets are measured, and recorded in a
table like the one shown (Tabte 15) "

4" Accumul-ative percentages and corresponding eyepiece
divisions are plotted on a probability graph-

5" Mass median diameter (tû{D) is equal to the eyepiece
division at the so percentile mark rnultiplied by the
conversion factor (Figure 371 "
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TABLB 1-5. Tabular determination of spray droplet, eyepiece
division accumulat.ive percentage.

APPENDIX 2 cont'd

EYEPIECE
DIVISION

(D)

NUMBER OF
DROPI,ETS

(N)

DXN OF TOT^A,L ACCUMUI,ÀTIVE
D X N PERCENTAGE

L
2
3
4
5
6
7
I
9

l-o
11
T2
l_3
T4
l_5
l_6
L7
l_8
l_9
20
2t_
22
23
24
25
26
27
28
29
30

TOTAI,S

3
4
5

l_

l_

L

2
4
1
2
1
l_

2
5
3
9
4

L4
L6
24
30
47
30
l-3

L4
32

9
20
1L
L2
26
70
45

t44
68

252
304
480
630

1034
690
3L2

4166

o. o24

o "o72
o" 096
o.120

o"330
o.768
o"2Lo
o"480
o "260
o"280
o. 620
t-. 680
1. O80
3"450
1. 630
6. O40
7.290

11 " 520
15 " 120
24 "820
L6.560
7 "7LOO

o "o24

o"096
o"L92
o"31_2

1. 410
2.1AO
2.380
2.860
3.120
3"400
4.200
5.700
6.780

10.230
11. 860
L7.900
25.190
36 " 710
51 .830
76.650
93.210
99.990

2]-2
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Figure 38. Plotting of eyepiece divisions and
accumulative percentages for the
determination of spray droplet mass
median diameter (tß[D)
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