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lN'l'ROPUGl'ION 

Each year the role played by cockroaches in disease transmission 

becomes more al.").d more evident. Cockroaches h,9.ve been experimentally 

shown capable of acquiring bacteria by crawling over contaminated 

cultures and depositing them on contacted food materials (Herms and 

Nelson 190). Included in t;he l:i,st of pathogenic organisms i.soli;!.tecl 

from wild coc~roaches a~e several strains of the poliomyelitis virus, 

about forty species of bacteria mostly associated with ent;eric diseases, 

the protozoan Entamoeba histol~Uca (Schi;1.udinn) responsible :for amoepic 

<:lysenter:y, and many others. Beca'l.lse of omnivorous habits, feeding .on 

most human foods as well as human e~crement, blood, dead insects, and 

many other materials, it is easy to recogn:i.ze the ha~a.rd involved as 

these insects move about;. The economic problem presented emphasizes tpe 

need for sound control ~et:hods, 

An objecti.ve of this l;'esearch wa$ to determine and evaluate t;he 

reactions of!~ americena to certain liquid chemicals in an effort to 
,./ 

recognize materials with attractant properties that might be used in 

This work also inch,1ded the development and testing of an experi-

mental met;hod 'l,tsed in an effort to accomplish the aboye objective, The 

cockroaches were s'l,tbjected to different chemical concentration levels 

using water as a check, and the resulting data were analyzed statis·. 

tically. 
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REVIEW OF LITERATURE 

1t has long been man's problem to find ways of combating the 

inse~ts which have continually challenged him for his food, clothing, 

home, and freedom from per&onal annoyance, 

Crude, naturally occurring repellents were the first ones µsed to 

find relief, but not unt;i..l t:;he end of the nineteentp. century were. c;1,ny 

produced commercially. The use of attractants for control was still not 

req:,gn:i.zed at that time, and presently most ~nowledge concerning these 

two means of control deals with repellents. Deth:i.er (1947) reviews the 

earlier major contributions made to these fields. 

The trend of control resec;1rch today is tow1;1rds the understand;i.ng of 

chemorecept:i.on or the physiological processes occurring .in some sensory 

receptor cells. Research concerning the sensory system of insects has 

fol~owe9 two trends, the empirical approach, and thc;1t directed towards 

an understanding of the basic physiology of chemorecept:i.on (Hodgson, 

1953), The latter should ultimately prove to be the most important, hut 

the empirical meth9d will help meet the need for control materials today, 

Cf(E!MICAL ORIE~T~TION. Insect orientation depends on a complex array 

of stimulation. For example, light, heat, humidity, and gravitational 

forces affect behav;i..oral patter:ns in most insects, but perhaps the i:pore 

important governing stimuli are chemical ;i.n nature (Dethier, 1957a), A 

chemical stimulus may act as an attractant, directing an insect over 

long distances, or t:;o release innate beh1;1.vioral patterns. However, no 

one attractant alone guides an insect to a habitat, mate, or food 
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(Dethier, 1947). Odorous stim,;iH may act as attractants and releasers, 

while those t;:.hqug);lt of as taste or contac;t stimul;i..,. act;: primarily as 

releasers (Dethier, 1957a), Aqting as a reieaser, a stimulus may 

induce feedin~, mating, oviposition, and other behavioral pat;:terns. 

Odorous and g\lstato17y st:i,mulants may cause insects, which have 

happened along 'by chance, to stop e,cploratory movemei:tts, Stimulants 

with this characterist;ic are kno~ as "acceptants" or "arrest.ants" 

(Deth:i,er et;: al. 1960), '.):he res~lting accutl)ulation of :;i,ns~cts, in con~ 

trl,\st to t;hat dµe to the i'l;l.;fluence of ari attractant, is not the re$ult: 

of insects pulled in from a widespread population. 

3 

Dethier (1957a) states that odor ;i.ll.it;iates strea'!ll 9rientatioQ., that 

insects orient to an odor sou;ce bet;:ter in a cvrr~nt than in still air, 

but that removal qf the antennae p~events orientation, and that insects 

with a single antenna are still capable of orientation either in still 

air or in a cu1;rent. 

Greeµ et: al, (19~0) define an attractant: as a material whpse vapor, 

upon reaching the olfacto1;y o:t;'·other receptors of an i,nsect, will c1;1.use 

an approaching response. A. repellent: is def;i..ned by Det;hiet (19~0) as 

''a chem:l,ca.l which causes imiects to make oriented movements away f;rom its 

so1.1.tce". He also states that chemostimul;i. et)'lanabing from di.stant sourcl;\s 

are said to be smelled wh:i,le ~uose originating from sourqes in close 

contact with the insects (within the buccal cavity, or touching the legs, 

palpi, or ante~nae) are said to be tasted. He also pointed out that 

taste stimuli do not pe~mit directive locomotor responses, but botQ odor 

and taste st;imuli may pe repellent. Diametrically opposed reiiictions may 

be produced by two substances differing .in 9oncentration alone. 

Failure to consUil!e a material may be due to absence of an. attractant 
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to trigger a reaction, t9 an ol£actory repellent preventing initial feed~ 

ing, to contact repell~nts preventing or reducing feeding after sam~ling, 

or to toxic ~aterials which, while they might not kUl the insect, cause 

it to cease feeding or move to another spot (Dethier, 1947). 

COMMON CEEMlCAt SENSE. According.ta Dethier and Chadwick (1948), 

certain chemicals ~et upon a 90JlllllOn chemical sense, but £or e~citation, 

a high capcentration of stimulus is necessary and the response is always 

negative or ava~ding in natµre. Using behavioral and electrophysialogical 

methods, Roys (1954) showed toat repellent vapors of same compouµds act 

upon the legs (not known to bear olfactry receptors) and even on the 

iso~ated nerve cords of coc~roaches. He later found (1956) that nerve 

fiben and neurons in t;:he tars;l 1;J.nd yeptra.l nerve cord responded to 

direct applications of salt, 1;J.cid, sucrose, or quinine in concentrations 

as low or lo¥er than the con¥entrations whiGh have been reported as 

nori;nal taste thresholds in behavioral studies. This s4~gests that if 

chemoreception of this sqrt is a t1.mdaJl}ental property of nei;ve tissue, 

then no special receptor is needed ta translate a chemical action into 

nerve ·impulses, or that locati9n rather than specialization dete,;-mines 

the function pf a receptor, Pricie (1963) found thi;at even though the 

antennae had heEm repioved, !, americana were still able to sense the ~re .. 

sence of repellents, This may confirm Roys' work or su~gest other 

receptor locations. In contrast to this, Wharton et a~. (19,4a) found 

that m~le E,. amet'icana lost all response to the powerful sex attractant 

emitted by the temale when only the antennae were amputated 1 

l'EST :t;NSECTS~ Sun (1960) condqcted research to determine the ef(ects 

.of pretest conditions ori insect insectic;l,de reacti.on tests. He fa4nd that 

humidity, temperature, diet, and state of starvation caused some variation 



in test results. ae also found that stage of development, age, and sex 

affect extent of v,;1.riation, Starved insects produce less variable 

results, evidently bei;:al,lse of a more nearly \ln:i,.form metabolic. process, 

Dethier and Chadwick (1948) recognized that by far the most important 

factor affecting acceptance tnreshqlds is the nu~ritive state of the 

animals, and it is a conimo1;1 obse11vation that acceptanoe thresholds fall 

when insects i;lre maintained continuously on a water diet or are other.­

wise subjected to cqmplete or partiaJ 13t14rvation. 

Wharton et al, (1954b) found that three days were apparemt;ly 

sufficient for m;:tle f. american~ io return to normal after the appi;tci:I,:'" 

tion of toxic pa:i,.nt for identification, This con9lµsion was based on 

re~ctions to established test procedures. 

RESPONSE TO AN A~TB,ACtANT. Wharton et al. (1954,;1.) found that 

isolated cockroaches were not suitable for testing, evidently because 

5 

of their gregarJ,ous habits. Upon exposure to the attractant, t\1.ose cock.,. 

roaches which reacted were observed to show su(iden alertness rE!cogn1,zed 

by stra;i.~htening of the l~gs or sUght raising of the body, t;o rapiclly 

move their an~ennae, and to search for the stimulant source. 

It was found that cockroaches ~ay be highly sensitive for a few 

days, weeks, or months and then becowe qv.iescent gradually or suddenly, 

However, in spite of the variability in response, si~ilar groups of 

cock:roaclws fro111 the same colony could be depended 1,1pon to behave aHke 

under comparablEl conditions. 

Wharton et al. also conducted tests to determine the responses to 

repeated tesl;:s using the same attractant concentrations. ·?hey found a 

decline in percent response true to all levels tested~ It was also 

demonstrated that the decline became more and more significant as higher 



conceQ;~rat~ons were tested .. The qata s~ggested a progr~ssive decline 

in pe:i;cent of: coc'kroachts f~$pond:ing to an att;:ractant qoncentrat:ion, 

This decli,Q;e was hypoth~sized to be ne:i;vous syst;e:in ~at;igue, 

6 
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ME~~ODS AND MATERIA~S 

T:11:ST INSE1CTS, <;Joloniei;; off.. a,mericana maint;p.ined in the laboriitory 

were fed Purina Dog Chow and supplied with water. Only ad~lt:s were used 

and no attempt was made to regulate the number of each se~ used when 

testin~, 

TECHNIQUES, Severa,l e~periment;al design$ wel'.'e t;:est:ed to dete!l;"mipe 

a satisfactory tl}e,;1.ns of evaluating thl:! ;t;:"ea,j;:\t;ion$ of P, amertcana t:o a 
,-- ' ··,·" ,_ . 

variety of liquids, !he original design consisted of perpendicularly 

svspended glijss tubes inside a 16 .. by 8,:i· l;>y 9 .. inch aquarium, l'he.Hd 

held 30 tulles in 3 lop.g:i.tudinal rows of 10 each, the bases of the t;ubes 

e~tending to O. 8 it1ch fi;om the inside lower aquc;1.riull'! s,u;·face. l'he t;ube& 

were closed at the top by a.short length of rubber .t~bing .aqd a screw"' 

type eta.mp, and were hdd at the :proper distance from :the·aqt1radutn ba,se. 

by a narrow band of rubper t~binij, Da,ta were o~t~ined by measuring the 

-liquid level c.hange dye to evaporation and consumption by the coc~roaches, 

Evaporation 9hef:;k t;ul?es were also present (ot;' each of the liquids being 

tested, Sma,11 scl?e~n cages were phced qve:r th,e lower ends pf these tt1bes 

to prevent feeding and allow for weasurem~nt of evapotatiop rates, Each 

evaporation rate was later subtracted f:rom the li,quid level change in 

the corresp~mding cpn$umption tubes t;Q establish the consumpt;i..on :rate, 

. From this point''consumption tub~s'' will refel;' t;o those tubes from 

which· liquid could be consumed, . "Evc;tporation c~eck tt1bes" will refer to 

those tul;,es f:ittecl with ia sc;:elim cage on the l©wer end to prevent l:i,quid 

consumption~ 

7 
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MEASU~;MElfrs. :t1easu:,;:'ements were 'lllade by h9lding a mill:i.tlleter :i:"uhr 

next to each ~~be and observiqg.the distance frow th~ l;j.qµid level to the 

o~iginal level ~ark. 

l'UBE FIJ.,LJ;NG. 'J;'ub~s were filled by sucki:qg the test liquid ahove 

a black ma~k on the tube ~µd then allowing the level to fall to the ~ark 

by manipulation -of the top screw clamp. The suction device used was a 

pipette filler.a the lower end of the tµbe was then wi~eq off with a 

piece of cotton soa~ed :i,n acetone to.prevent supporting frame contamin~~ 

tion as much as possible. 

--

from tubes near the corners than in other locatio~s when all t~bes con• 

ACCEPTJ::D Eil'lUU~Nl'Al;. .UNI'l' OC>NS'l'RUCTION. To eli.minate the problem 

of positional ?;ffect, a. cylindric,al .coq.tainer and c;j.rcular arrangement 

of tubes were tried a.p.d ~cc;:epted, . For the basic container, a 25 ... ~a,llon 

short;ening .can, cut of:fi to an :l.nside height of 9inches, waa t;:J;:':i,ed. A 

dis~dva.ntage of limit.ed observAtiaI'l of the roaches ap.d thei,r reactions 

waa quicldy recognized, and a .mgre suttal;>le container wa,s soµghi;;. 

Cylinders 1~ inches in diijmeter and 9 inches tall were constructed 

~rom sheets o~ cellulose 'Qitrate. Aroµnd the top ~~d bottom were plac~d 

stti:f;£ wire -loops to add ;:i,gid~ty tQ th,• thin dear plastic, . Eac_h cyl:i,nder 

was placed on -a basepoa.rd o:I: 0, S•inc:h, three.,,ply i,rtte1;i,or plywood, but: t;he . 

two were not fa$ten.ed toiethe:r to dlow convenient chan~ing of the base• 

boqrd paper cover, The lids; 17,S ,iDches in diameter, were cut erom tpe 

same type plywpod as that of the b,itseboards and each had a 9,75 .. ineh 

aFisher • propipette 



circular hole in the center covered with nylon tulle to allow ventila.,. 

tion • 
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. Eight~millimeter glass tubing, with an inner diameter of~ mm, .was 

used for the consumption and evaporation check tubes. These tubes were 

arran~ed in two rings, an outer ring of 13,25 inches in diameter consist­

ing of 24 evenly-spaced consumption tubes, and an inner ring of 11 inches 

in diameter coµsisting .of 12 evenly.,.spaced evaporation check tubes, The 

lid tube holes were 0.3 ~nches in diameter, 

Because of tube alignment difficulties, it was necessary to con­

struct a light wire framework to stabilize the tubes. This frame, placed 

about 3 inches below the lid, consisted of 4 loops, 1 for the inside and 

out$:J.de of each riI\g of tubes, w;i.th short lengths of wfre soldere<;i a<;:ross 

to stop lateral movement 1 The wire used was 0.045-inch music or piano 

wire sold in m~ny hqbby shops. 

Tqe small wir~ cages ~sed on evaporation check tijbes were constructed 

from thin copper tubing with an inner diameter of 8.3 ~, and 16- by 16-

mesh wire screeni~g, One ~nd one.,.fourth inch lengths of the tubing were 

cut and 1.75-inch eylinders of the screening were soldered to the lower 

three-fourths of the t~bing. The end of the screen cylinder away from 

the copper tube was then pinc~ed shut to co~plete the cage, Two opposing 

slits were cut in the e~posed end 9f the tubing to hold a wire pinch clamp 

which secured the cage to an evaporating check tube. The pinch clamps 

were made from the sa~e wire used to construct the glass tube stabilizers. 

Since f. americana is greatly affect~d by light conditions, a card .. 

board bo~ was placed over each cpmplete unit and a black cloth band 

secured around the base to keep out light. 



Fig. 1. Components of experimental unit showing 
plastic cylinder, assembled unit, and cover to exclude 
light. 

Fig. 2. Tubing assembly showing arrangement of con­
sumption and evaporation check tubes. 

10 
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UNIT PREPARATION FOR TESTING. Approxima,tely 35 adult cockroaches 

were used in eacih unit, and those injured due to close confinement were 

replaced, 

. Before each test was begun, the newspaper covering the baseboard 

was replaced with at least three fresh layers, Over this was placed a 

piece of plain brown paper to provide a uniform lower surface. The 

tubes and other glassware were cleaned in a solution of sulfuric acid 
j 

saturated with potassi',lm dichroma,te to remove·any trace of chemical 

remaining from .a previous test, as well as the characteristic cockroach 

odqr, 

PRELIMINARY TEST ~lT ·CHECKS,. After the experimep.tal unit constrµc-

tion had been completed, statistical evaluation was made of the evapora-

tion rates for the tuqes in the inner and outer circles and also from 

position to position around ·the circles, Ten tubes, aU contaiQing 

water and fitted with evaporation check cages, were placed in each 

circle, The evapot1~tion rates were recorded at 24~hour intervals for 2 

days, A single evaporation rate average was used in calculating consµmp~ 

tion rates. 

CHEMiCAL PREPARATION, ~ost of the chemicals tested were received 

as 5 percent solut;ions fvom .Phillips Pet:r;oleum Co,,· Bart!lesville, Okla.,. 

homa. The solvents were eitheT water, acetone, alcohol, or combinations 

of these, some with the emulsifier Atlox 104S~A added. The chemicals 

chosen for this research had demonstrated attractant qualities to either 

cockroaches or other insects in previous research, Chemicals whtch 

attracted or repelled f. americana .in this research are listed in table 

1. 

Before the testing was begun, alcohol and acetone were tested in 



Table 1.••Chemic41s which attracted or repelled L,. fm!I;i;sana 
dt;1ring the screen:i,.ng tests. ··· · 

Chemical 
Nuinber 

2217 

2227 

3369 

2269 

3343 

3351 

3353 

2117 

3365 

3367 

2259 

3371 

3381 

Physio• 
logical a 
Reaction 

A 

A 

A 

A 

R 

R 

R 

R 

R 

Chemical 
JtlUDe 

l"'G~utamic acid 

i•Acetamidopyridine 

ithyl Alcohc;>l 

Isonicotinic thioamide 

4•Nitro•N-oxypyridine 

aAttractant and repellent are represented by "A" and ''R" 
respectively. 
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the ·unit to determine if either of these chemical solvents were attrac­

tant or repellent in th~ range Qf concent~ations used in testing. 

Chemicals were tested for attractant and repellent properties at 

concentrations from 0:1%· to: .. 0~00001%, reducing the concentrations ten­

fold at a .time. Thus, at the cormnencement of testing, five concentra• 

tions of two chemicals were tested per unit. At a later date, it was 

decided that five different concentrations in that range were not 

necessary to isolate a .chemical with attractant properties, but that 

three selected concentrations would be sufficient, At the st$rt of 

testing, two chemicals, each in five concentrations~ were tested against 

water as a check in each e~p,rimental unit, In the outer consumption 

ring of 24 -tubes, each concentration was replicated twice; in the inner 

evaporation ring of 12 tubes, each concentration was represented once. 

Water was placed in the remaining four tubes in the outer ring and in 

the two remaining tubes in the inner ring. When the change ·tQ three 

·concentrations for each chemical .was made, three chemicals were te,ted in 

in each unit, the remaining tubes being filled with water, 

After screening of the chemicals had been .completed, and five with 

attractant properties had been recognized a test was set up to compare 

the five, In this e~periment each chemical was tested at two concentra• 

tions, the one that had shoW1' attractant characteristics in previous 

tests, and the next ten-fold concentration either above or below, 

DATA ANALYSIS. During each test, results were recorded at 24•hour 

intervals, generally in the evening, for three days. An analysis of 

variance (AOV) was then run on each set of data to assist in the inter• 

pretation of results. The forin used in the analysis of variance is 

gi~en in figure 3. 



Source d.f. S.S. M. S. F. 

'l'ota+ 

Mea,n 

Treatment 

Days 

Trt, x Days 

Error 

Fig •. 3. The ana.lys:i,s qf v,;1,ri~n~e form used when prepa,:ring the raw 
Qf1ta f;or inte'l;'p-ret;:ation. 

l4 



RESULTS AND DISCUSSION 

EXPERIMENTAL UNIT, It was found that with the consumption a~d check 

tubes located inside a recta~gular container, tubes in certain positions 

had more liquid consumed from them than those in other positions, The 

further a tube was located from a corner, the lower the ·consumption rate. 

A circular arrange~ent of tubes solved this problem and allowed for 

placement of more tubes, 

In choosing .the size tubing to be used, it was necessary to keep in 

mind that tubing .too large would ~llow liquid to run out, and tubing too 

small would not allow ~ir bubbles, formed at the lower end by evapora~ 

tion or consumption, to rise, Each rising air bubble accounted for a 

drop in liquid level of approximately 3.5 mm. 

When drilling the tube q~les in the lids, it was desirable to mak~ 

them .of such dia~eter that the tubes would slide into position easily, 

but remain in a riij~d perpendicular position. However, due to proper~ 

ties of the ·plywood lids, satisfactory holes could not be drilled, 1he 

tubes were aligned before the start of a test, but were knocked out of 

line by the weight and movement of the cockroaches on them. It was 

therefore necessary to construct the supporting wire frames descri~ed 

earlier. 

It was found that approxiinately 35 adult cockroaches per unit gave 

the best results, Re~ponses were more effectively observed with a larger 

number, however, the number was limited since cannibalism resulted when 

large nU1Dbers were confined in S!ll811 areas. 

15 
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~REiIMINARY TEST UNIT CHECKS. The validity Qf the test unit had to 

be established be~ore any test data .could be recognized as reliable . The 

evaporation rate was checked from position to position around the circle 

and from one circle to the other since the recorded evaporation rates of 

the inner circle were used to calculate consumption rates in the outer 

circle, An analysis of variance indicated there was no significant dif~ 

ference in evaporation rates a~ the 201. level of probability. The con-

sumption rates were checked around the outer circle and there ~as no 

significant difference in consuaptlon -rates at the 10% level of proba~ 

bility. 

When the rates of consumption for the solvents acetone and ethyl 

alcohol were checked, no significant difference in -the con~umption rates 
. . 

of acetone concentrations was de~onstrated, Mowever, ethyl alcohol was 

found to be attractant at 0,01% concentration and repellent at 20% con~ 

centration. It was necessary to consider this last concentration ·because 

of certain chemi~al preparations. A chemical that was received as a 5% 

solution in alcohol was diluted to make a series of concentrations start-

ing at 1% and dec;easing ·. in concentratirm. As a result of this dilutiol'l 

~he alcohol solvent then beooines a 20% .solution holding the 1% concentra-

tion of chemical • . The mean consumption rates and results of Duncan's 

''new multiple,.range test" for the acetone and alcohol tests are given .in 

-the appendix, tables 3, lt, and 12. 

CHEMICAL PREPARATION. Many chemicals were recieved for testing, 

however, some were eliminated because of insolubility in water, the stand-

ard test solvent. Some were rec«ived with sedi~ent in the bottom of the . 
bottles and thel!le chemicals were· tested by using only the super •natent 

liquid in p~eparation of chemical concentrations. Further attempts were 

made to evaluate any of those which showed significant responses. 
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lhe decision later made to reduce the nUD!ber of concentrations per 

chemical to be tested, was based on the -conclusion that . if a chemical was 

of any value as an attractant, three selected concentrations would have 

been sufficient to demonstrate its attractancy, 

CHEMICAL TESTING. Dut:ing the screeni-ng of approximatel;r 45 chem~ 

icals, 5 were recognized with at least some att~actant qualities. 

Tables 2•6 record the mean .consumption results. Ten repJllents were 

also recognized and these results are recorded in tables 4 .. 10. Chemicals 

with a significantly higher consuinptio~ rate than that of water were con~ 

sidered to ~e attractant and those with a significantly lower rate than 

that of water were ·considered to be repellents. 

Some difficulty was encountered when setting .up the final series 

of tests with attractant chemicals. ,There was a sediment in chemical 

number 2227 when recieved and this could only be eliminated br making 

the solution slightly acid. -This, however, was highly repellent to the 

·cockroaches and, therefore unsatisfactory , This chem~cal had to be 

tested at concent;rations of O,Olt.·.or .• lower i , Because three of the chem­

icals demonstrat,d their attrjctiveness at the highest concentrations 

previously tested (0.1%), it was desirable to include the next higher 

concentration (11.) in the ti~al test~ However, two of the chemicals 

precipitated in water at that concentration forcing an alternate method. 

The five attractant chemicals, each in two concentrations, were 

tested against each other using water as the check. Only one, 1-

Glutamic acid (2227), and in both concentrations tested, demonstrated 

significantly higher consumption rates than that of water. The re,ults 

are recorded in table 13. 
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EXPERIMENTAL LI~I1A1IONS, There were cert~in limitations involved 

in this work, per~ps the most impQrtant being the use of only those 

chemicals that could be dilu~ed in water to the desired range of concen­

trations, Suspensions were .111.so to be ,voided, because of the sediment 

at the feeding .opening. Also the design offered no means of distinguis~­

ing between mode of action of stimuli resulting in consumption or in 

rejection, however, some CODlQlents are in order, Stimuli causing rejection 

or repellency may be distinguished from those causing consumption, but the 

individual types of stimulants causing reaction within each of these two 

contrasts are not easily separated, In the small confining test untts, 

definite separation of stimuli that may be attractants, releasers, or 

"arrestants" would not be likely. Accprding to definition, the reactions 

to releasers and arrestants co~ld be the same althoµgh the modes of action 

are different, When a cockroach was observed to walk around beneath the 

tubes,. evidently sensing the vapors emitted, a resulting react;ion might 

likely be classified as repellent, attractant, or arrestant, but probably 

not releaser~ If the cockrQach continued to consume 3 mm of liquid after 

testing, this stimuli might b~ classified as a releaser, Che~ical o~ien~ 

tation would be. more difficult for the cockroaches, because of the mixture 

of vapors and limited air movement. 

TEST INSECTS, The test insects were all subjected to the same 

climatic conditions and all received the sa~e, ·more-than•sufficient, 

supply of food, There was some variation in the rearing containers used, 

Usually the cockr~aches lost an antennae or leg and were replaced before 

they had grown old, The variation from these conditions was kept to a 

minimum. 

Assuming that some of the chemicals inay have had a slightly toxic 



qffect on the insects, although none appeared to be killed throughout 

the testing, at least three d~ys, and usually more, were allowed for a 

recµperation period betwee~ each test in any particular test unit, 

CONCENTRATION EfFmCT, In some cases consumption rates were 

19 

obse;rve<i to be qighest on the f:l:i;st day of test;i.ng indicating theie was 

a decline in respo~~e as t~e tests pro~ressed. Eowever, sinqe all 

~hemicals which caused a significant attractiQn reaction the first day, 

caused a significant attraction ~eaction for the three~day test period 

(recorded in appendi~ ta~les), there seemed to ~e little need fo~ cqncern 

over the mi3,1;ter. Thh statement is also ccmf:L;rmed by the ;fact that fo1,1r 

of the five ehelI)ioals found t;:o be attrijcf;;ant, were ao at higher concentra~ 

tions. 



SUMMARY AND CONCLUSIONS 

An experi~ental procedure was designed whereby f.. americapa co~ld 

be given access to a variety of liquid chemicals and concentrations and 

their reactions observed. -An objective was to screen chemicals in search 

for those with attractant qualities. Vertically suspended glass tubes 

closed at the top, held the test liquids, Two or three chemicals in 

three or five concentrations each were tested at one time. The data 

were collected by measuring i~ millimeters the llqu~d le .. l 'cbange· 

in each .glass: t\lbe; .. From·.th:1.s wa·s then:•subtr1cted an· !!V«l)Otat;l.on·: rate to 

yield a consumption rate, These data were then s~bjected to an anal1sis 

of varianqe, "F" test, and Duncan's new multiple range test for :1..nterpr•-

tation. The 5% level of probability was used for all the multiple range 

test calculations, Dvring the screening tests five chemicals were found 

with consUmption rate~ significantly higher than that of the water check, 

and were thus considered to be attractant. These chemtcals, with their 
< 

attractant concentrations are: 5-(4-Pyridyl-N•oxide)isothiufam chloride 

at 0.00001% (2217), l•Gl~tamic acid at 0.1% (2427) 1 2-Acetamidopyridine 

at 0.1% (3369), 2 .. Auiino•4c'tlloro-6-methylpyri111ide at 0.1% (2269), :. and 

ethyl alcohol at 0.011., 

Those chemicals which produced a repellent reaction, having a con-

sumption rate signif:l..cantlr lower than that of water, are listed in table 

1. In order to c0111pare the five attractant chemicals, a teat was set up 

with water as the check. !ach chemical was represented in two ooncentra-

tions. The mean consumption rates are given in t~ble 13. Chem:l..c•l n\Jlllber 

20 



•\ 

2227, i .. Glutami~ acid, wa,i; attrf;\c;ta;1;1t; in both concenttat;icn1,s tested 

and demonE!t:t;";ated pr much 1;1.:lgl;le~. C\9'Q$Yinl)tion rate tha1;1 all the o~hers. 

Beca~fie o~ the natµre 9£ the ~hemiGal .,inq lintita.t;:Lons pf the expet'i-r 

mental d~s:i.gn, it. wa& imposs:lble to tel&t concentrations bigher than 

the 0.1% found ~ttraetant, A qne percent concen~ration formed neeqle . . \ 

liJce c:ry,t~h wh;i.9h settleQ. to the lower ends of the tvbes. Wafer 

te&t;$ d.escr;i..l;>ed by ·:i,:>r:l~e (U)63) JQigl'J.t be a 'nlQrf!:! actutate testing 
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. APPENDIX 

' 
Table 2. Mun consWQPtion of chemicals 2217 and 3329 at several 

concentrations.• 

Chemi~•l 
Number 

2217 
3329 
3329 
2217 
3329 
2217 
water check 
2217 
3329 
3329 
2217 

Ch.-ical ConcentratiPn 
in percent 

0.1 
0.0001 .. 
0.1 
0.001 
0.001 
0.0001 

\.;. .... 
0,01 
0.00001 
0.01 
0.00001 

1. 

MeaQ. ~oneu.ption 
in millimeters 

•0.-167 
o.s3 
1.0 
2.0 
2.33 
2.67 
2.1s 
3.0 
3.0 
4.0 

10.~ 

4The~e WBI a lignificant 'difference between any two means not CQD• 
ne~t•g b1 the same ~i~e. l\esult of si,t obs•rvati~ns, mean squaie•l9.461; 

l ueg•tive number resulted when the lewl ._drop in the evaporation 
check tube. was more:· than that in the oona.uaptlqn tube. 

?able 3. Mean consumption of eth7i' al:cohol at seve1.'•l concentra• 
tions.• 

C1urad:cal C:oa.~enti-ati9n 
in pe~c:~C 

0.1 
0.0001 
wateJ: check 
0.001 ' 
0.00001 
q.01 

~ C.n1-,ti~ 
in m.lU.-1;,t1 

-0~166 
o.417 

. 1.11 
2.33 
2.92 
6.08 

.... 



Table 4. Mean c~~•umption of chemicals 2269, 3381, and 2271 at 
seveial concentration•·' 

Chemical 
,~r 

.. 3381 
2271 
watef eheck 
2269 
2269 
2271 
3381 
2271 
3381 
2269 · 

Chemic~1· Concentration 
ta ~i-eoiat 

0.001 , 
0.1 

•• 
0~00001 
0·:.001 . 
0.00001 
v.00001 
.0.001 
0.1 

.0.1 

Mean Consumption 
111 ai~U.•tet:• · 

•3.S I 
0.167 
1.19 
2.11 
2.s 
2.67 
3.17 
3.17 
4.0 
6.67 

Tables. Me&n cou•\Pllption of ~h~cal, 3~7, 3369, and 2259 at 
several concentrations. a · . 

Chemical 
5-ber 

2259 
3367 
2259" 
3369 
3367 
3369 
3369 
22S9 
water .check 
3369 

' ~-cal Conc:eatirat;ion ' • ' 
in percel)t 

0.1 
0.1 
0.00001 
Q.00001 
0.00001 
0.001 
0.001 
0.001 --
0.1 

iiean eonauia,tto11 
in millime~eJ'o 

.-1.83 
0.166 
0.166 
2~17 
2.s 
2.67 
3.33 
3.33 
6.7 

19.1.7 



Table 6. ·Mean QODfumption of chemicals 2321, 2227, and ~343 at 
•everal concentration,. 
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C1*d,ca1 
Number 

Ch•Jd.cal Conc1nt~•tion 
in percent 

~n COQIUIIIPtloa 
in millimeters 

3343 
3343 
2321 
3343 
2227 
2321 

' 2321 . 
2227 
water chec:k' 
2227 

0.1 
0.001 
0.1 
o.00001 
0.00001 
0.00001 
0.001 
0~·001 --
0.1 

-1.67 
0.5 
o.667 
2.33 
2.83 
3.0 
3.34 
s.s 
6.17 

13.34 

.Table 7. Mean con•umption of ch811d.Q•l• 32Z5 and 2117 at ,e .. ral 
concentrations.• · 

Chemical 
NumbeJ' 

2117 
2117 
2117 
3225 
2117 
2117 
3225 
wateJ;' chec~ 
3225 
3225 

Chemical Concen~ration 
·tn percent 

0.1 
0.01 
0.0001 
0.0001 
0.001 -
0.00001 
0.00001 --
0.001 
o.ot' 

&six obeervationa, mean ••ua~•-12.378. 

Mean Consumption 
in millt.tet:• 

-1.11 
2.11 
3.67 
3.67 
4.0 
4.33 
4.67 
5.2s 
s.s 
6.67 
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Ta~le 8. Mean consumption of cheJDicala 2229, 3351, and 3353 at 
several concentrations.a · 

Chemical 
Buaiber 

2229 
3351 
3351 · 
3353 
3353 
2229 

. 3351 ' 
, 3353 

2229 
'W!t•r c'back 

Chemical Concentration 
in percent 

0.1 
0.00001 
0.1 
0.1 
0.001 
0.001 
0.001 
0.00001 

·0.00001 --
asi. ob,ervations, mean equare-11.627. 

.. . 

Mean Con&UJDPtion 
in -,d.lU.met:e,:1 

-o;s3 
0.167 
1.33 
2.0 
3.17 
3.17 
4.33 
7,17 
7.83 
9,73 

Table 9. Mean cona~tion of chemicals 3363, 2253, ~nd 3365 at 
aeverai concentrations.a 

Chad.cal 
Rusuer 

3365 
3363 
3363 
3363 
Z253 
3365 
2253 
water check 
3363 
3365 

I 

Cl\eaical o,acen~,•ttou 
iii perc;ent 

O~l 
0.1 
0.1 
O,Ol 
0.00001 
0.001 
0.001 --
0.00001 
0.00001 

8s1x observat~ona, mean 1quare•l2.166 

Mqn COUIQllftlon 
in m.l1imeter1 

-1.s 
0.11 
0.33 
o.s 
o.s 
2.67 
2.s, 
4.0 
4.83 
6.83 
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Table 10. Mean conaumption 'of chemicals ,371, 22611 ,iid 3373 at 
several concentra~ions,a · · · 

Chem.cal 
Numl,er 

3373 
3371 
2261 
3371 

.'2261 
2261 
3373 
water ·check 
3373 
3371 

Ch.-teal Cone•ntf•tion 
tn pe~Qestt 

0.1 
0.1 
0.1 
0.001 
O.OOOQl 
0.001 
0.001 -· 0.00001 
0.00001 . ' 

~ cqn,-.,tton 
in llillimetew, 

-1.1 
0,17 
0.11 
0.883 
2.67 
3.67 
4.33 
4.4 
6.83 
1.0 

Table 11. ~n coneumption of acetone at several concentration,.• 

C~i 'ut Cncentrat101l 
1 1 

in percent 

20.0 
0.002 
0.2 
2.0 

water check 
0.02 

&.rw.lve observations, .-n •q•re•12,305 

ti • I ' I' ! .. 

~ Con•uaaptiOll 
in milU.mecere 

0.75 
1.oa 
2,25 
2.33 
3.0 
4,50 
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Table 12. Mean ~onsuaipt~on of ethyl alcohol at 1everal coneentra~ 
tions.4 

Chemical Collc~tratton 
in percent ' . 

20.0 
2.0 
0.02 

water check 
0.2 
0.002 

8Twelve observe.tione, 111e4n aqua~e•l0.546 

Table 13. Mean ~opa~tion of. the chead.cala 

'tC) ~···· ~!!·. . . ; P 4 I I 

Clialtal . I eii.idd' Ccnieeatrat:io,a 
Number 

3369 
2269 
2217 

·· alcohol 
2269 
227'1 
water check 
3369 
alcoh9l 
2227 ·• 
2227 

1.0 
0.1 
0.00001 
0.01 
Q.01 
0.000001 

0.1 
0.001 
0.01 
0.1 

HNn eons-,tf.on 
in millimeters 

-o .• 67 
1.08 

"2.0 
3.5 
;3.75 
4.0 

found to be attract-.nt 

I ; 

~ Qon1Q11Ption 
in millimeters 

f 

-o.ss 
-0.33 
1.2s 
1.s 
1.67 
2.75 
2.83 
3.0 
3.08 

14.75 
·18.42 

• • Twelve observations repre1ented, mean 1qu.re•22.288. 
~ere was a alight 1u1penston pr•••nt ~n the chemical while teat~ 

ing. 
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