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,q"BSTRIiCT

ê, series of essenbial oil cheruicals I,Jâs tested outrloors

to determj-ne their neri-'us as l¡aits for distinct insect groups.

l4ethyl disulplride and eth¡r] disulphide Li€rê atUractants for

sone Calliirnoridae, Sarcopha-giCae and i''luscide.e, SeVeral other

cheilicals had some at bra"cti on for certain insec'b groups o

Investigations employing several isothiocya,na-tes re-

veal-ed them to be ovipositional srimulanis for ltUt--ella

q1-agu-Ljp*ealj.ls. (Curt, ) at concentrations oÍ less than 50O p"l3ollln

Optimal stimulation occurretl l:etr¡een 10 and 100 p.pullì' À

chain of Tlpreferencett arnong the isothiocyanates i^Jas demonstra-t-

ed for oviposj-tion as follor,is;

pl.renyleth)'l- = phenyl- ) a11y1- = butyl- ) ethyl isothiocyanate 
"

't7
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C}{APTER T

A. PIIELIÞÍI]'{ARY SURVEY 0F OLFTICTORY AT'IRÈ:CTI1llll:iESS 0F SOì"ÍE

ESSEJ'TTÏAI OIL$ TO INSEC:IS

It\TTF.0DUCTI0N

The basis of this Ínvestiga,tion is 1a.id in the time

honol:ed, assumption that odors 1n n¿¿ture affeet the behaviour

of inseet-c (M1nnÍckr, 1929), Odors are not the exelusíve a.gents

that affect inseets in tnis way bltt they are important. This

influence of odor has been confi-rmed for many insects a_s for
example, the honey bee a-nd its rea,ctÍons to floral scents

(von Ï"rlsch z L95O), ACditionally, the loeations of some

olfactory receptors have b.een demonstra-ted (Frings, lg41)"

Food and oviposition substra.tes are often peeuliarly

specific to given insect species. The question arises as to
how tlrese i-nsects fulfill their frequently obligatory requi::e-

ments" It is not unusual tha-t ovipositlon sites and food

sources have charac+"eristie odorous chemical substances that
seem to serve as guides to the foraging insects" -'¡Ihenever a

behaviour paitern of this nature is clearl;r recognlzed or

establlshed, the possibility arlses for taking advantage of
it either to investiga-te the popula.tion dynamics of such insects

or to increase our a-bility for dlreet or indirec'b control of
such populationsu

The essentiel oìlc "^Ta.. ¡ rrToltþ of odoroUs ehenicaLs of
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plant origin" Their functÍon in living plants has not been

saiisfactorily explained, Essential olls are qulte varled

as to their chemleal constitution" Most of tlrem are terpenes

but the group also lncludes alcohols, phenols, aldehydes and

isothlocyanates 
"

This investigation of the ínfluence of essential oils
on insects $ras lnitiated 1n the spring of L96O r.rhen fleld
studies lJere undertaken to test their value as balts" The

objeciive r{as to discover any ;oossible specificity of attractive-
ness to taxononic groups of inseets, Âdditionally, the relation
of certain rrrea.ther factors to this methoci of tra-pping t{a.s studÍed"

The literature on baits and traps has been exteaslvely

reviewed by Dethler Q9+7) fn several chapters of his book on

insect attractants and repellents" A fev¡ of the more pertlnent

finCings of other investlgators will be included in thls T¡rief

introductory statement to illustrate points of dlscussion"

The uses of bait traps in Entonology are several, A

fev¡ of the more Ímportant applice.tions \dere mentioned by

Dethler ft9+7) as followss

lu to sample insect populatlons

2" to lure insects into traps or poisons to declrnate

the population

3. to lure insects al'iay from erops

4" to offset the repellent properties of certain sprayse

and
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5. to act as counteragents against r¡hlch to test the

effieiency of repellents.
certafnly, not all of these uses could be encompassed in this
projeet" Honeveru the flrst three possibilitles \,\rere studied
to some degreeo

The efíectlveness of bai'r, traps as control neesures has

not proven speetacular vthen conpared to such. other alternatives
as ehemical spra-ys a.nd ciusts. Some notel¡orthy exceptions r¡here

baits have proven to be of practical value miEht be noted a-s

follorrrs e

Eait Emploized Insect Âttra eterl

geraniol Japanese beetle

anethole Codling noth

llna]-ool Orlental frutt moth

sex attra.ctant Gypsy moth

amino aclds Fruit flies
ammonia l"iediterranean fruit fly
carbon dioxide Mosquitoes

These bait tra"ps $Jere not so successful as to constitute
complete controls but they \dere useful additions to the more

common methods"

The use of balts for insect popula.tlon sampllng has had

some success" Frost and Dletrlch (lgZg) used bait traps to
sanple beetle populatiofisa Their data suggested selectivity
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1n captures from the insect fauna according to the different

oCors and locations of the traps. Eyer and Medler (191+0)

found bait traps to give an accurate account of Oriental

fruit noth populations in orchards. i'{osquito popula-tions have lceen

sampled and rechecked to test the effectiveness of eontrol

mea.sures (oettrier and hlhltley, 19I+L¡-). Obarskí (1960) has made

mention of successfui chemical baiting for pests of rape in

Poland, His tra-ppfng procedure u,as simila-r to ours in that

baited, colored containers uere used"

The tendency of investigations on baits for i-nseets

has been to try artificial sul¡stances in preference to natural

chemlcals" This r¡as a logícal choi-ce as artlfícial chernicals

have certain advantages for the scientific study of -oaits aS

compared nith naturally occurring substances" The vast number

of synthetie compounds provldes us i¡ith a greater possibllity

of dlscovering useful baits, 0f course, theÍr numbers are a

dj-sadvantage in that much chanee is involved in isolating the

useful from the useless" One approach to this latter problem

would be to investigate some of the elements and related compounds

knonn to occur in essential oils" This r¡.ras the basis for our

choice of test compounds" The selected test chemicals l¡rere

present in some of ühe pIänts native to i'lanitoba" Another

point to be noted is that a.rtificial bait substances could

be superior to the natural chemical substances. The synthetie

þalts could be composed elther of the more attraetive of the

natural compounds in their most effective concentrati.ons or of
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attre-ctlve compounds not found in nature, The bait formula,tions

tr'ould be simpler due to tne synthetlc ra-ther than analytic
approach to the problem. rt might be more economical for
potentla.l users of such baits if only proven a-t'tractants vJere

to be lncluded in the lures" This r,rould be prefera-ble to
hapha.zardly coinposing them of all the chemlca-1s in the na.i*

urally attractive source of food or ovi-position substrate,
This adclitive process of bait fo.rmula.tion might be examined

for blolv flies" various substa.nces such as indole, skatole

and allyl sulphj-de 'hrere found to be attraetive for these

insects but their effects rrere enhanced by the i-nclusion of
such subsiances as caleium carbonate, The additional rnateri-a,ls

ïJere not of great use as lures in themselves but they seemed

to interact to increase the value of tire orimary balt compon-

ents.

ït l,¡as postula.ted by i'{cfndoo (l-gl.g) that ihe dlfferent
odors of plants r¡,ere due either to a summated effect of all
the plant che¡nical odors or to one plant chernical odor ''hat

ma-sked al-l the others" The possibility of luring inseets

ir¡ith. single chemical baits has been "oroven in many instances

as ea.rlier noted in sllecessful baits used as control measureso

This being so it r,¡as logical tha.t r,¡e chose to r.tse single

chemical beits in our testing of ;rorfl€ essentlal oils,



}'i}JERÏALS .U{D }4ETI.IODS

The test chemieals were selected on the bases of tr,¡o

factors. Firstl;r, certaln of the chenicals lJere chosen as

representative of some of the essential oils found in native
plants of Þfanitoba, l4ost of the first seven groups li-sted

below fitted this category, Secondlye sotûe of the chemicals

uere selected to test the rela.tive attracti-veness of compounds

r¡ith siruil-ar che¡nical structureu The sulphides, dÍsulphides

and isothlocyanates ïiere in tÌris latter category,

The test chemicals uere grouped as followsa

1. terpettes limonene? cymene, pinene, camphene

2" alcohols geraniol, linalool, citronellol, cineol,

menthol, terpineol, ìrenzyl alcohol,

octyl alcchol

3. phenols thymole eugenol, carvacrol
ì- r . .+n aldehydes - vanill-in

5" ketones - carvone

6, esiers methyl sali.cylate, methyl a.nthra.nilate

7, various substa-nces eouma.rin, indole, putrescine

B, sulphides - a11y1-, butyl-, ethyl-r ffiêthyl-, phenyJ-*

9, disulphides butyl-, ethyl-, metiryl-, phenyl-

lO" lsothiocyanates all¡¡l-, butyl-u ethyl-, methyl-u

phenyl-
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The chemicals Ì{ere o'irtaLned from },latheson Coleïllan and

Bel-l, Mann Researeh Laboratories Tnc" and Eastman 0reanic
Chenicals.

The essential oils lJere used icithout dilution in order
to avold introduclng odors of diluents such as ether oï,a.lcohol,

The tra;os l,rere bright yellorrr plastic trays ti.;elve inches
in dia-meter and four i.nches deep essentfally conforning to the
design descri'oed by I'[oericke (Ag5Z), yellor,i. is the stanclarrl
color used for Moericke traps in studies of aphids and leaf
honpers. Each tra.y r+as secured to the ground by il,ìre retainers
inserted about their periphery (Figure 1) "

Á.layer of odorless mineral oil_ one half inch deep in
the bottom of the prastic trays served to tra-p insects that
visited them" Because of its 1or,¡ rate of evaporation i-t i¡.as

requí.red to change the oÍ1 on1¡¡ after heavy rains,
0dor substance .¡ias appried to brotting paper discs which

uere inserted in clear glass dishes and plaeed ln ilre eenter
of eaeh plastie tray" Ea-ch applieation of odor substance

consisted of four or five drops aprrlied early each day"

Tr*enty-five tra"ps r,Jere loeated in a plot tuelve feet
square" The test chenicals r,,Jere allocated at random one to
each trap,

Two plot l-oca.tions l^rere chosen on the university of
Manitoba. eampus, The eastern location r¡as on å. grassy slope
at the edge of a group of ern trees, Tirls open site !ra.s



FIGURE 1

}4ODIFIIID ]IIOERICT TRJ\F
(pfSn 0F BAIT fxT CEiiÍTER ì'fOT VISIl3ti$)





exposed to r^tind" The western plot loeatíon rças on sjtrnmer

fall-or¡ land beslde a w1lr or¡ shelter belt (Figure z) , i,rlinds

$Jere excluded to a greater extent than a_t the eastern plot,
üoltections fron the traps \,,/ere nade every second day

if ueather conditions pernitted" The insects i¡rere recovered

fron tire mineral o11 and placed in three-tlram v1als" The

catches r¡,ere preserved in seventy per cent ethyl alcohol
until classifÍed,

Data on uea.ther conditions were obtained from the

loca1 weather offlce" Tiris l¡,as not wholly satisfactory as

local topography probably altered the tempera.ture, wind and

precipl-tation to some extent, llor.deverr these nore general

i¡ea.ther data uere applied to the trap catches r¡ilth reasonably
good results (Table I),
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PIOT LAYOTJI OF BAITIJD I.4OERTCICÛ TIìÀPS
(i,iTjsr.dRi{ L0ciiTroi{ e Lg6o)
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TABLE Ï

VTEÀTI{ER DATA FOP. TIìÀPS BIiITED WITFI ESSEi{TTAI OÏLS

-.-
i'/eather Conditions of Collection Períod

Col-le ction Ave rage Ä've rage
date temperature wi-nd velocitY

Prevailing
rorind dire etion

oF

lv1ay 30

May 31

June 3

June 6

June 7

June 10

tune 11

June 13

- -¿June L)

June 16

June 24

June 25

June 28

July 6

July 13

63

67

60

53

5)

63

63

o)

hh

62

66

73

^1

70

10

9

1n

16

10

1l_

7

11

14

11

9

1B

7

Y

tiw

SE

sld

Nld

s

È)

NE

ì:rD

w

SE

¡J

S

N"Td

N

N

s'
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RESUITS É,i.Ü DÏSCUSSION

The results of tTle trap ca.tches vrere anal¡r2sfl in two

vJays. Firstly, tlre potentÍal attracriveness of the bait

corrpounds ue-s evaluated" Each chemical ',,las coinpared uith tÌre

unbaited control trap for posslble attracilon for va-rious

inseci groups. Secondly, Ì;he trap data uere averaged to a

one-day ba.sis. In tiris i¡ray? it was hoped to be a-ble to

shoi¡t any differences in average catches due to weather factors.

The capiured insects vrere classified to families except

r,rhere otherwlse indicated' The data uhile incomplete in tnis

$,ay are at Least su-ggestive aS to the attraction for orilers

and familles a"nd as to the influence of eertain rr¡eather

faciors on insect behaviour"

Ttrss-e-nt-ia1 -pils as þaiËs

Insects l¡rere captured in thirteen orders and Seventy

famil-ies, This räight seem to suggest a genera-l attraction

for a wide number of forms due to the man;r baits. ThÍs ïlas

not tire case as nost of the traps regardless of bait or of

position captured most of the commonly represented gro'tlps at

sone tige during the suÍIillero A. few families (e"g" Chryso¡relidae)

$Jere captured regularly but most families l^Jere ta'ken more

sporadicall¡r" liowevere there appeared to be some specificity

of attractaney of some of the chemicals for partieular inseci

groups.
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Some of the orders \A¡ere cairtured in conslstently high

numbers" 0thers were apparently accldental captures as they

uere not taken often. A rough analysÌ-s of thÍs aspect of

the captured groups in shown in Table II'

The number of families captured at the tuo plot loea,tions

differed slightly. Slxty familles viere detected by the traps at

the r¡estern location. fn the east, ten more fanilies ldere cap-

tured 1n addition to those 1n the uestern plot although tire

eastern locatlon was Iess intensively trapped. This discrepanc¡'

might be explained by the more di-verse plant cover and the

proxlmlty to a river at the eastern plot' Some of the addition-

al captures Here Formicirlae, Andrenlda.ee l{ymaridae, Drosophilidae t

tsuprestidae and Reduviidae,

Complete uniformity of data bett¡een the truo plot locations

1ÁJâ.s not to be expected aS tbey hrere not in exa"ctly simÍlar

habitats, The rel-ative numbers of lnsect forms represented

at the two l-ocations i¡iere siu¡ilar but differed signiflcantly

as to absolu.te numbers of species e.nd individuals" For

instance, the grassy slopes a.round the eastern plot yielded

ma.ny grasshoppers r,,ihereas few nere found on the bare soil

around the rçestern plot, Conversely, the l¡iestern plot had

large nunibers of thrips anrf springtails r^rhile the eastern

plot had lesser numbers of these insecls'
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TABLE TI

Á. COYTPARISON 0F TI'E I]'J]IIBERS

VARTOUS CAPTUP.SD

OF Ï}IDIVTDTJALS OF

ORDERS

!ou.-NssþçJs-

Ephemeroptera

0donata

Irsocopte ra

Neuropiera

0rthoptera

Homoptera

Hemiptera

Coleoptera

Lepidopte ra

Collembola

Thys anopte ra

Dipte ra

Hymenoptera
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The seventy famllles ilere analyzed as to consisteney

of capture throughout the season among the tr,ienty-five traps

ln the plots (Figure 3)" The resulting picture shoued twenty-

five famllies captured in five or less traps and eighteen

fanrilj-es in twenty-one or more tra.ps, Tkris distribr:-tion seems

to suggest a tr¡¡ofold grouplng of the captured families into

consistent and rare captures. Some of these consisteritly

captured groups that might lend themselves more economically

to fu-rther Ínvestiga-tion are llsted in Table TfI" These

lnsects may have been captured in part by the operation of

random fa.ctors related to high popula.tion ciensity. Another

interpretatlon to thls situation is that these are groups whose

behaviour is adapted to capture 1n the tra.ps used in ti:is study,

The rarely captured groups are not as readlly interpreted as

they might have been relatively uncommon or l'rere not adapted

to response to the trap loca-tions or to the chemical baits

that l'rere used, The interrnediate groups including six to

tilenty traps could not receive an explanation here ulthout

considerable detailed lnctruirY"

A fei^i observations might be made a.s to Ínsect types

that either t¡ere not att,raeted or ï,ere not captured if attra-eted

to the traps, Table IV shoi,,¡s a fer^r of the more prominent

famÍlies tha'r, one r^roi-tld expeet to'be present but in fact ïiere

captured in low numbers or hiere absent during the two nontbrs

of bait trapplng, Thls excþision from capture may have been



FIGUF.I] 3

ïNËEÛT F,qi'ÍïLIäS RELI,TEID T0 Tlnï T0 ili{L itIUiviBER

OF TRÀPS T}T 1,''TTICT{ EACH ld.,TS CÄPTURED
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TÄBLE TIÏ

GROUPS OF COI'TSI.STüi'iITLY Cå-PTU'RED II'ISECT$

0rder Fauilly IIJO O OI
dates

sample Ido, of baits
re'ore sent- represented

Hymenoptera

Diptera

Coleoptera

I{ono.otera

0rthopie ra

Thysanoptera.

Collembola

Chalcidoidea
Cynipidae
I{alictidae
Ichneumonidae
Braeonldae
lenthrediniriae

Bibionidae
1'{ycetophf lidae
Sclarida.e
Ce cidomyid ae
DolichopodÍd ae
Phoridae
Ephydrid ae
Chloropidae
Tipulídae
Chironomidae
Tachinidae
Ca'l liphoridae
þlus cidae
Syrphidae

Chrysomeliclae
(mainly flea beetles)
Staphylinidae

Cica.dellidae
Aphididae
Psyllidae

l6
16
t+
t{
11
13

't?

L)
L?
14
L5'ì(
-L)

L2
1(
13
L5
13

a

11
t0
r<

25
20
L7
2L
27
16

L9
2q
25
t5

24
25
2q

25
18
23
25
25

25

2L

25
25
1g

L6

25

25

13

L5
I+
t2

q

lL\

14
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TABTE IV

COMMON FAMITIES THAT I'JERE ÄBSEI{T OR CÁPTURED IN IOW NI]þIBERS

amlly
Ûrder Rarelv ç¿p-t-uraå *- Absent

llyraenopiera

Dipte ra

Coleopte ra

Iienipte ra

Coll-etidae
Platygas te rlda-e
v ttÞ IJI\,tc¿t'
slaf/ìô^f rlqê

Õeratopogonidae
Simuliidae
Culieidae
Anthoiityiidae

Chrysonelidae
CurculÍonid ae
Coccinellidae
l.rrrv c a'i r1 n p

I.{embra.cidae

Andrenidae
rr^. i".1,t ^^vE prl-L\l dg

Taìranidae
Bombyliidae
AsilÍdae
Gaste rophilidae
0estridae
Hypodernatidae
Guterebridae

Tenebrlonidae
Scai:aba-eidae

Scutelleridae
Pentatomlclae



L9

due to eva-sive behaviour similar to tha-t deseribed for

Calliphorldae (p"23), to a lacir of at''¡;ra-ction to the traps

or to low population l-evels in tile plot areas o

From iire work dcner c€rta-in chemlcals l,iould appea.r to

be a-ttra-ctants for so¡ne of the insect fanúlies (Table V).

The data d1d not lend themselves to any sirnple formal or

precisely quantltative analysis. Thus, the ciremi-cals llere

ranked under the more prorninentl¡r capturecl families on the

basis of -r,he nea-n captures for ten consecuilve collection

periods in June, In cases vlheye rnore than one chemical has

been llsted under one numeral, t):e chemicals l^iere judged to

be about equal 1n attraci;Íon, Ot,lrerwlse, the numerical listing

indica.tes the appa::ent ma-gnitLldes of attrac'uion shot¡n ìry the

vai:ious compou-ncis for i;he insec¡ families" Frostrs t*.rork on

balting for the 0riental fru.it moth suggested bira"t certain

fac'bors brere tikelSr to a"lter responses to baits froin year to

year, Thus, the effective baiting for these insects by tire

listed chemi-cals may not hold exacily another year. Ä pri-orit

one iotould expeet that insects tha,t are most specific in their
food plant preferences r¡ou1d be captured consistently by the

same bait chemicals. fi1 any furtirer studies, the Chrysonelidae

Ìiou.l-d lend themselves best to such an inquiry because tnany of

the flea beetles are speciflc for planNs containing isothiocyana-tes"

More complete data. for this family are sho',un in FÍgure 4'
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TABLE V

POTEì{TTA.L BATT C-TüI]'IICELS
Æ

T , - -! ^-.^.-'^ l?^nt¡ llt,omí nrl Tìni t ivlgan nO. ÜOntfOlInsect GrouP Rantr Chemical Ïlait

Chalcidoidea

I,fycetophi.lidae 1

Sciaridae

Chloropldae

f,¿fli phorid ae

Chrysomelida-e

Cicadel-lidae

Anhidid ae

eugenol
methyl salicYlate
benzyl alcohol
a1lyl sulPhide

octyl alcohol
benzyL alcohol
butyl disulPhirle
methyl s alicYla.te
eth¡rl sulPhlde
phenyl isothiocYanate
eugenol

phenyl isothio cYairate
pinene
benzyl alcohol

allyl sulPhide
all-yl isothlocYanate
phenyl lsothlocYanate
ethyl sulPhide

meth¡rl disu.lPhide
ethyl disulPhide

benzyl alcohol
ninene
äfryf isothiocYanate
methyl sallcylate
phenyl isothiocYanate

benzyl alcohol
me'chyl salicYlate
pinene

ethyl 5i1l Phld e

benzyl alcohol
meti:yl salicYlate

L?.5 6'L
L5.L
11.0
10, 0

14,5 7 "3
14.3
14,1
12,3
12.1
1rì A

10.3

32. O L3.7
2E.0
22.8

18.1 7.7
14" 7
14.6
L4 "5

L2,6 1.4
4,6

31,0 20.0
27.C
26.5
23.5
23.3

8.7 3'1
6,7
O"J

7:r. 3"2
Ê, LL

1
2
3

¿

3

I
2
3

1
2

1
2

I
2

3

I
¿

ì---: - : t = --t:' :



FIGURE 4

.&"\TËzu-GE I[lT,fBiiR OF Ü}TRYSOI'4ELIDAE CJ|LPTUP'iTD I}T V,{RIOUS BATTS

(ir{eans for ten collection perlods in June, 1960)

1. benzyl aleohol

2" pinene

3" allyl isothioeYanate

4" rnethyl salicylate

5, phenyl isothiocYanate

6, eugenol

7, allyl sulPhide

I, geraniol

9" ethyl sulphide

10. octyl alcohol

11" butyl disulphide

12" unbaited control




