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Abstract

The LD̂ o range of malathion in Acheta domesticus was 

determined to be 3.6 -  4,8 micrograms per gram. Doses of 

malathion a t or below the LD̂ q ^̂ ®re considered sublethal 

in th is  study, Malathion in sub lethal doses was found 

to a ffec t aggressive ca llin g  and courtship c a llin g , 

locomotor a c tiv ity , the response of females to  a mixture 

of ca llin g  and courtship songs, and thermal preferendum 

of both sexes.

The e ffec ts  of ca llin g  by males and on locomotor 

ac tiv ity  were a ttr ib u te d  ten ta tiv e ly  to  a reduction of 

inh ib ition  by mushroom body interneurons. A ll of the 

behavioral changes following malathion treatment could 

be b io log ica lly  s ig n ific an t in na tu ra l populations.

i i i



This d isse rta tio n  was w ritten  fo r publication 

in  the Journal of the Kansas Entomological 

Society and follows the e d i to r ia l  requirements 

of th a t journal for submitted manuscripts.



Introduction

Mass production and protection of foods and fib ers  r e ­

quires the con tro l of various insect p es ts , la rgely  through 

the use of chemical p estic ides. Economic considerations 

favor broad-spectrum p estic id es, although unintentional 

e ffec ts  of a pestic ide  fo r  ta rge t and non-target species can 

be expected to  increase as sp ec if ic ity  decreases. E luci­

dation of many unin tentional effec ts of in sec tic id es , 

especially  during the la s t  30 years, has added to  the vast 

l i te ra tu re  on economic poisons, B ittner ( i 960) noted th a t 

although th is  l i te ra tu re  was v as t, many questions regarding 

the actions of contact insecticides remained. The behavioral 

e ffec ts  of in sec tic id es  are among these questions.

Studies of the e ffec ts  of in sec tic id es on animal 

behavior could be of value in several a reas. They could 

indicate d irec tio n s fo r fu rth e r investiga tions on the b io ­

chemical lesions producing death in  in sec ts  poisoned by 

organophosphates. Behavioral e ffec ts  of in sec tic ides might 

prove su ff ic ie n tly  d isruptive to a pest species to  obviate 

the necessity fo r  le th a l app lica tions, thereby reducing both 

cost of app lica tion  and environmental contamination.

Studies of intoxicated^ animals could also  aid  in  pure 

research on behavior, e .g , , the use of DDT in  localiz ing  

receptors in  the la b e lla  of Sarcophaga b u lla ta  (Hodgson and



Smyth, 1955)» Warner e t  a l .  (1966) fe e l th a t " . . . i t  is 

probable tha t ethology w ill come to play one of the dominant 

ro les  in  studies of the problem of micro-chemical contam­

ina tion  of the environment." (p. 225).

Warner e t a l ,  (1966) considered behavioral parameters 

to  be valuable indices of tox ication  for several reasons. 

Since behavior represents the integrated re su lt of a d ivers­

i ty  of physiological events, they considered i t  "more com­

prehensive" than individual physiological measurements.

They also f e l t  th a t the s e n s itiv ity  of behavior p a tte rn s  to 

changes in the "steady s ta te "  of the organism and the 

p o ss ib ili ty  of executing behavioral studies without detectors 

inplanted in the te s t  animals represented advantages.

Sim ilar considerations led  to  the choice of behavioral 

ra th e r  than electrophysio log ical methods for th is  study.
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M aterials and Methods

The present study involved six  series of experiments, 

investiga ting  respective ly  the to x ic ity  of malathion to 

Acheta domesticus and the e ffe c ts  of th is  insecticide on 

aggressive c a llin g , courtship  ca llin g , locomotor a c tiv ity , 

thermal behavior, and response of females to the ca lling  

song. Adult Acheta domesticus were used in a l l  experiments. 

Except for the experiments in  which s tr id u la tio n  was inves­

tig a te d , males and females were used in equal numbers. The 

cricke ts  were housed in a v a rie ty  of aquaria or containers 

made of wood, screening, or synthetic resin s . Egg cartons 

and pieces of wood, styrofoam and cardboard were placed in 

cricket cages to  increase crawl space, which is  necessary in 

rearing  th is  species (Sparks, 1959). Temperatures of in ­

cubating eggs were maintained a t 30 il,5 °C . in an environ­

mental chamber. Most c rick e ts  were kept in th is  chamber a t 

a l l  times, the remainder being kept in  cages f i t te d  with 

e le c tr ic  l ig h ts  and chick brooder therm ostats, as recommended 

by Sparks (1959). Rearing a t  room temperature is  unsa tis­

factory because of high nymphal m ortality  (de Bâillon,

1920), longer developmental times (de Bâillon, 1920; Kemper, 

1937; Sparks, 1959) and, a t  high temperatures, reduced sizes 

of adu lts (Sparks, 1959).

Various techniques were t r ie d  fo r  providing water, the 

most sa tis fac to ry  being through gauze wicks protruding from 

narrow-mouthed b o ttle s  of w ater. The b o ttle s  were placed on 

th e i r  sides on the cage f lo o rs  and the wicks were rested  on



pieces of aluminum f o i l .  Crickets are omnivorous, 

" ...e x h ib itin g  marked tendencies toward carnivory" (Gangwere, 

1961) . They are known to  ea t dead in sec ts , clo th , paper, 

bread, sugar, bran, oats, f ru i t s  and meat (Gangwere, I 96I ) .  

Sanford (1971) found Gaines Meal^ '̂' dog food provides a 

sa tisfac to ry  d ie t fo r th is  species, and th is  was used in  

th is  study. Since Sparks (1959) noted th a t finely  ground 

food resu lted  in  le ss  waste, the dog food was ground to a 

powder in  a blender and presented in ja r lid s .

Pans f u l l  of a mixture of sand, peat moss, sawdust and 

wood shavings were used fo r oviposition. The mixture was 

autoclaved before use and was frequently moistened with tap 

water u n til  hatching was considered complete.

In order to  se lec t c rick e ts  to be used in an experiment, 

I shook one of the egg cartons or pieces of styrofoam from 

the flo o r of a cage over a container u n ti l  a l l  of the 

crickets had fa lle n  off the object. I then reached b lindly  

into the container and seized a single c rick e t, repeating 

the process u n ti l  an adequate number of healthy adult 

crickets f u l f i l l in g  the sex d is trib u tio n  needed fo r the 

experiment had been selec ted . A cricket was re jec ted  only 

i f  i t  was immature, i f  enough crickets  of i ts  sex had 

already been chosen, or i f  i t  appeared behaviorally or 

anatomically to  be in  suboptimal health . These crickets  

ord inarily  struggle vigorously when clasped in  a closed 

hand. Crickets fa il in g  to  struggle well were considered



behaviorally symptomatic of i l l  hea lth  and re jec ted . Ana­

tomical reasons for re jec tio n  included absence of an en tire  

antenna or cercus, absence or considerable fraying of an 

ely tron  or wing, deformity or break in  the exoskeleton, or 

absence of ta rs a l  segments.

Malathion of secondary an a ly tica l standard grade was 

obtained from Oklahoma State Department of Agriculture and 

was used in  a l l  experiments. Of a number of organic solvents 

te s ted  on the c rick e ts , corn o i l ,  which had been used as a 

solvent fo r malathion and some other in sec tic id es  in insect 

stud ies (Harvey and Brown, 1951» Brown and Brown, 1956)i 

proved most sa tisfac to ry .

Test solutions were applied to p ica lly  to  the ven tra l 

thorax instead of being in jected , since Gerolt (1969) had 

shown th a t parathion, DDVP, d ie ld rin  and DDT accumulate in  

the integument, reaching the s ite  of action  v ia  the tracheal 

integument ra th e r than via the hemolymph. In order to  

minimize e ffec ts  of variable areas of contact between the 

cu tic le  and the malathion solution (Matsumura, 1963)» the 

concentrations of the solutions were chosen to  re su lt in a 

dose of 1,0 m icro lite r of solution per 0.1 gram cricket 

mass, delivered from p ipettes of 0.02 ml capacity graduated 

in  u n its  of 1,0 m icro lite r. Each of these p ip e tte s  was 

te s ted  fo r trueness of bore by observation of the length of 

an a i r  bubble passed up and down the bore in  alcohol 

(Ungureanu and Ungureanu, 1959). Flow of so lu tion  during



dosing was governed by a pneumatic p ip e tte  f i l l e r .  This 

technique provides rapid , accurate d iliv ery  a f te r  lim ited 

p rac tice .

Crickets were held in g lassine envelopes while masses 

were determined on balances. Since p rio r  anesthesia had 

been shown to  protect Anopheles larvae against DDT (White 

and Jones, 1968), a l l  handling and experimental techniques 

were designed to  avoid the necessity  of anesthesia. In each 

experiment, animals to  be malat h i on-treated  were selected , 

placed individually in  one-quart ja rs , tran sferred  to  

glassine envelopes and weighed, and the masses recorded.

The c rick e ts  were returned to  th e ir  respective ja rs , dosed 

with malathion and le f t  undisturbed fo r 60 minutes p rio r  to 

te s tin g . The time period was chosen in  consideration of 

findings on the uptake of to p ic a lly  applied malathion 

(Matsumura, 1963)1 the temporal p a tte rn  of cholinesterase 

in h ib itio n  in  cockroach ven tra l nerve cords following 

malathion treatment (O'Brien, 1956) and a sixty-minute 

latency in the effects of parathion on oxygen consumption in 

B latte  11a (Harvey and Brown, 1951) * A se rie s  of control 

animals was treated w ith corn o i l  alone.

In order to  extrapolate from the laboratory findings to 

predictions of effects of malathion on natu ra l populations, 

one must observe not only the d ifferences between the two 

se rie s  described above but also d ifferences between the 

l a t t e r  group and animals th a t have hot been handled.



Therefore, in each behavioral experiment, a se ries  of 

insects was tran sferred  d irec tly  from cages to  the 

experimental se ttin g . In order to  examine the extent to  

which corn o il  treatm ent, as opposed to  handling, affected  

the in sec ts ' behavior, i t  was necessary to  te s t  a se rie s  of 

insects trea ted  as the corn o i l  con tro ls , but sham-dosed 

with clean, dry p ip e tte . Since iso la tio n  is  known to  

increase aggression in  male c rick e ts  (Alexander, 1961; 

Sanford, 1971) and since the malathion-dosed crickets were 

to  be maintained in  iso la tio n  fo r one hour p rio r to te s tin g , 

i t  was necessary to  te s t  fo r e ffe c ts  of iso la tio n  in  the 

aggressive ca llin g  experiment. For th is ,  a se ries  of 

c rick e ts  was iso la ted  in  ja rs without weighing or sham- 

dosing and th e ir  ca llin g  observed.



Experiments

Toxicity

Worden ( I96I)  noted th a t the LD̂ q may not be a re lia b le  

standard, since values obtained in  d iffe re n t laborato ries 

under sim ila r conditions may vary considerably, Dowden and 

len n e tt ( I 965) suggested the most s ig n ific an t contribution 

of the re la ted  LC^q may be the use of th is  value as a 

s ta r t in g  point in  studies of sublethal e ffec ts  of toxins. 

Despite the recognized lim ita tio n s of the use of th is  value, 

no b e tte r  index of to x ic ity  has been suggested.

An extensive investigation  of the l i te r a tu re  revealed 

no information on the to x ic ity  of malathion to  Acheta 

domesticus. American Cyanaraid Company, o rig in a l patent 

holders on the compound (U.S. patent 2,578,652), made a 

search through December, 1970 and also fa ile d  to  find any 

information on the question (M,H. Woolford, j r . ,  personal 

communication),

The 24-hour LD̂ g malathion fo r Acheta domesticus 

was thus determined. A fter weighing and dosing, crickets 

were l e f t  iso la ted  in  quart ja rs u n ti l  evaluation. Ten 

males and ten  females were tested  a t each dosage level, 

since Ciocco (1940) had pointed out the usually  lower 

su sc e p tib ility  of females of many in sects  and other animals 

to  a number of poisons. The to x ic ity  is  p lo tted  in  Fig, 1, 

The lin e  was f i t t e d  by eye (Finney, 1952), A cricket was 

considered dead i f  i t  was immobile and showed no v is ib le  

motion of any leg  when a je t  of a i r  from a rubber bulb was



blown through a dropper pipette onto one of the cerci or no 

twitching of the palps when a similar jet of air was blown 

onto them. These examinations were made with the unaided 

eye.

Aggressive Calling

In order to  minimize the e ffec ts  of ambient sound, 

aggressive ca lling  experiments were conducted inside a small 

anechoic chamber described by Frings and L ollis (1971)#

This chamber was placed in an environmental chamber for 

temperature regulation. The number of bursts of aggressive 

calling produced by two male crickets of the same treatment 

group during the f ir s t  fifteen  minutes of confinement in a 

one-gallon aquarium placed inside the anechoic chamber was 

counted as the measure of aggressive behavior, A piece of 

styrofoam approximately 10 cm X 10 cm X 2 cm was placed on 

the floor of the aquarium during each te s t ,  after preliminary 

experiments had indicated more uniform results with this  

addition, A microphone connected to a tape recorder was 

suspended inside the aquarium, A timer which could be set 

to sound a b ell at the end of the 15-minute interval was 

placed outside the chamber and produced an audible recording. 

Twenty replicates were run for each treatment.

Preliminary experiments had shown that excessively  

large numbers of ca lls were obtained when five or more males 

were placed together in the aquarium; that a single male 

placed in the apparatus did not c a ll  at a ll;  that the
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presence of females was accompanied by a mixture of song 

types from the males; and th a t, despite the anechoic 

chamber, ambient sound levels increased the number of 

aggressive c a lls  per 15-minute period. The l a t t e r  finding 

necessita ted  suspension of te s tin g  during periods of 

unusually high ambient sound.

Courtship Calling

The same chamber-aquarium apparatus used in  the 

aggression study was used in  investiga ting  courtship ca llin g . 

Crickets destined to  be used in  th is  study were prevented 

from mating p rio r to  th e ir  use in experiments. They were 

purchased when immature and each female was removed before 

m aturity and placed in  a cage of females only, while the 

males were l e f t  w ith the remainder of the immatures.

Each t e s t  involved recording the c a lls  produced in the 

fifteen-m inute period immediately following the introduction 

of one male and one female into an aquarium. The females 

were a l l  taken d irec tly  from the cage of v irg in s , whereas 

the males were variously  trea ted  as described under M aterials 

and Methods, Ten re p lic a te s  were run fo r each treatm ent. 

Since the courtship  c a l l  of A, domesticus is  a sustained 

se rie s  of notes of variab le length ra ther than the d iscre te 

burst of aggressive ca llin g , i t  seemed th a t a count of the 

number of bouts of courtship ca llin g  would be le ss  repre­

sentative of the vigor of courtship than a measure of the 

to ta l  time spent in  ca llin g . The duration of each male's
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courtship ca llin g  was cumulated over the fifteen-m inute 

period by stop-watch.

Locomotor A ctiv ity

Diverse devices have been used as actographs in  studies 

of small animal movement. Nov/osielski and Patton (1963) 

used balanced cages connected to  marking pens so th a t move­

ment of a c ric k e t w ithin the cage affected  the trac ing  

produced by the pen. Amos (196?) and Gage (1966) used 

photographic records of the successive positions of animals 

a t  regu lar in te rv a ls  in studying a c tiv i ty ; Phipps (1963) 

constructed a device in which blocking of an in frared  beam 

focused on a p h o to tran sis to r caused deflec tion  of a marking 

pen; Schecter e t a l .  (1963) studied locomotor a c tiv ity  of 

cockroaches by means of a capacity sensing device ; and 

B ittn e r ( i 960) studied the movements of insecticide-poisoned 

bees by perm itting the in sects to move about on soot-covered 

glass p la te s . Contact of the in se c ts ' t a r s i  and wings 

displaced the d e lica te  film  of soot, producing c lea r tracks 

on a black background. Since each insect track  on a soot- 

covered p la te  uncovers a f in i te  area of c lea r glass 

underneath, i t  follows th a t one could ca lcu late  the area of 

glass uncovered by each track  and add these areas together, 

the sum serving as an index of locomotor a c tiv ity .

In th is  study, c rick e ts  were confined fo r 15 minutes in 

a shallow rectangu lar cage, the f lo o r of which was a glass 

p la te  completely covered with soot on the side on which the
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crick e t walked. The p la tes were coated with soot by being 

held over a shallow metal dish of burning benzene. Each 

p la te  was coded by a number inscribed on the back and the 

completely sooted p la te s  were run through a photo-electric 

device (Hayashi Denko Co., L td .; Automatic Area Meter, Type 

AAM-5) designed to measure the surface area of regularly- 

or irregularly-shaped objects. As an object passes through 

the machine, the opaque p a rts  of the object block a s l i t ­

shaped beam of l ig h t  focused on a photoelectric c e l l .  The 

machine cumulates the opaque area passing across th is  beam. 

Translucent p a rts  of an object are not measured.

A fter a p late had been walked on by a cricket fo r 15 

minutes, i t  was again run through the area-measuring machine 

and the re su lta n t area was subtracted from the area of the 

untracked sooted p la te . The difference between the two area 

measurements was, then, the sum of the areas of the tracks 

made by the c r ic k e t.

Thermal Gradient

Preliminary experiments with a gradient apparatus 

designed fo r use with snakes were inconclusive, probably due 

to  the lack of uniform ity of temperature from one side of 

the gradient to the other a t  a given point along the length 

of the apparatus. A gradient device with hot and cold water 

piped into an outer container (Fig, 2) produced a fa ir ly  

uniform and repeatable g rad ien t. A polyvinyl chloride (PVC) 

pipe extended the length of the apparatus l e f t  of the
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mid-bottom and another r ig h t of the mid-bottom, A series 

of holes was d r ille d  in  line  down each pipe so th a t water 

escaping from the holes formed je ts  aimed along the midline 

of the water surface. The holes were spaced according to 

the recursive mathematical se rie s  I , l ,2 ,3 i 5 i 8 , , , ,n ,  the un it 

of distance being 0,5 cm. The se rie s  began a t  opposite ends 

fo r the hot and cold water pipes, A length of 1,5 inch 

diameter, potable-water ra ted  PVC pipe was sectioned 

lengthwise to  form a trough. Leads from a Yellow Springs 

telethermometer, Model TD, were placed a t the ends and a t 

nine evenly spaced poin ts along the bottom of the trough to 

delineate ten temperature zones. The ends of the trough 

were sealed and the top covered with wire screen.

Once a gradient was estab lished , cricke ts  were in tro ­

duced in to  the cold end of the trough and allowed f if te e n  

minutes to s ta b iliz e  th e ir  positions in  the gradient. Ten 

cricke ts  of the same sex were te s ted  simultaneously. The 

gradient apparatus was located in a photographic darkroom 

and a l l  room lig h ts  were turned off during runs. At the 

end of the f if te e n  minute period, an e lec tron ic  f la sh  

photograph of the apparatus was made from above to  produce 

an instantaneous record of the positions of the c rick e ts , 

and the temperature of each te le thermometer lead was 

recorded.

Response to Calling and Courtship Songs

An arena w ith flo o r and sides of synthetic  re s in  and 

an open top covered with wire screen was used as a runway
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for female crickets  introduced a t one end. At the other 

end of the runway, a container of approximately 1,000 male 

and female c rick e ts  was placed. The population of crickets 

served as a source of ca llin g  and courtship songs. Pre­

lim inary observation of such populations had shown that the 

songs occur almostconstantly and, so fa r  as the human ear 

could determine, to the v ir tu a l exclusion of aggressive 

c a lls . The sound level of ca llin g  seemed constant to the 

human ea r. The time required fo r a female to  trav e l a 

lin ear distance of 100 centim eters to a point 25 centimeters 

from the container of ca llin g  c rick e ts  was measured. Twenty 

females were te sted  a t each treatm ent. Since the arena was 

50 cm. wide, there was an abundance of area in which a 

female could move about without moving toward the sound 

source.

Controls fo r v isua l and o lfactory  a ttra c tio n  were not 

necessary, since Regen's (1912) c la s s ic a l experiments had 

demonstrated th a t  males th a t were not ca llin g  were not 

a t tra c tiv e  to females and th a t females with the tympanal 

organs destroyed were not a ttra c te d  to  ca llin g  males.

Shuvalov and Popov (1973) used the ra te  a t which female 

Grvllus camnestris and G. bimaculatus approached a source 

of ca llin g  songs as a measure of the "strength of the reac­

tion" of the females to those songs. Popov and Shuvalov 

(1974) found th a t variable changes of in ten sity  dynam­

ics with changing distance from the source made the fo l-
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lowing of an in ten sity  gradient by female G, campes t r is  

unlikely a t d istances greater than about two meters.
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Results . —

Toxicity

Figure 1 shows the dosage response curve. Each point 

represents the probit of the percentage of crickets dying a t 

the indicated d 'o sa g e . The LD̂ q range determined empir­

ic a lly  is  3.6 micrograms to 4.8 micrograms per gram. At 

24.2 micrograms per gram, 100^ k i l l  was obtained and a t 0.24 

micrograms per gram, no animals were k ille d . These values 

were not useful fo r p lo ttin g  of the dosage-mortality curve 

(Finney, 1952) and were thus not considered.

Aggressive Calling

The mean numbers of c a lls  per p a ir  of male crickets a t 

each treatm ent is  presented in Table 1. The c a lls  during 

each fifteen-m inute period are shown both as a to ta l  and 

broken down into five-minute in te rv a ls . A chi-square te s t  

was calcu lated  to  determine the likelihood th a t the d is t r ib ­

ution of the means of a l l  of the treatm ent groups above and

below the grand mean could be expected by chance. The
2

obtained value of X = 38.84 well exceeds the value of 20.28 

necessary fo r significance (p = 0.995» 7 df) (Hoel, 1966). 

Further examination of the m alathion-treated groups alone 

was done by use of the chi-square s t a t i s t i c ,  using the 

number of 15-minute periods in which no aggressive ca llin g  

occurred in corn o il- tre a te d  males as an expected frequency 

with which to  compare the corresponding frequencies of the 

tre a ted  groups. The obtained chi-square value of 16.66 

exceeds the value of 12,84 necessary fo r significance a t the
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0,005 le v e l (3df) (Hoel, 1966), Thus, although there seems 

to he no c lea rly  dose-related reduction of aggressive 

ca llin g , malathion does s ig n ific an tly  reduce th is  behavior,

Alexander (1961) noted th a t iso la tio n  of a few days 

increased aggressiveness in  c rick e ts . This study indicates 

th a t iso la tio n  fo r one hour increases aggressiveness, as 

measured by aggressive ca llin g . An average of 208 bu rsts  

of aggressive ca llin g  per 15-minute period occurred in  

c rickets  th a t were iso la ted  fo r one hour p rio r to te s tin g , 

whereas 133 b u rs ts  per 15-minute period occurred in c rick e ts  

th a t were te s te d  d irec tly  a f te r  removal from a population 

cage. Both handling (See M aterials and Methods section) and 

treatm ent w ith corn o i l ,  in  co n trast, reduce aggressive 

ca llin g .

In any treatm ent not involving malathion dosage, the 

average number of c a lls  during the second and th ird  f iv e -  

minute segments of the f if te e n  minute recording period was 

decidedly higher than in  the f i r s t  five minutes. This 

con trast is  not seen a t any lev e l of malathion treatm ent. 

Furthermore, in corn o i l  tre a ted  animals the number of five  

minute periods in  which no c a llin g  was recorded was g rea te r 

fo r the second and th ird  five minute periods than for the 

f i r s t .  In malathion trea ted  animals, the number of f i r s t  

five minute periods in which no ca llin g  was heard was 

greater than the corresponding numbers of second and th ird  

five minute periods except a t  3.6 microgram per gram. These 

trends seem c lea rly  to  indicate th a t malathion a ffec ts
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e ith e r  the ra te  a t which dominance is  estab lished  or the 

s ta b il i ty  of the dominance re la tio n sh ip .

Courtship C alling

The courtship c a l l  of Acheta domesticus is  a sustained 

se ries  of notes. Total time spent in courtship ca llin g  was 

thus recorded instead of number of bu rsts , as was done in  

aggressive ca llin g . Table 2 summarizes the findings. Each 

to ta l  represents the sum of the courtship ca llin g  times of 

ten males. The e ffe c ts  of malathion on courtship c a llin g  

are quite d iffe re n t from the e ffec ts  on aggressiye ca llin g  

and are dose-related  over the range 2.4 micrograms to  4.8 

micrograms per gram. At the lowest level of malathion 

treatm ent, 0.36 microgram per gram, the to ta l  time is  

approximately 0.2^ above the com o il to ta l ,  which difference 

is  neg lig ib le .

The trend is  perhaps most c learly  seen by comparing 

progressively lower dosages. Malathion a t  4.8 micrograms 

per gram is  highly stim ulatory to  courtship c a llin g , and 

th is  stim ulation p e r s is ts  a t  3*6 micrograms per gram. At 

dosages of 2.4 microgram per gram and 0.48 microgram per 

gram, a depression in  courtship ca lling  seems to  occur and 

a t 0.36  microgram per gram, there is  no e f fe c t . This 

evidence would seem to  imply e ffec ts  of malathion on, to  

take the sim plest case, two aspects of the c r ic k e t 's  

neural mechanisms, each having a d iffe ren t threshold . 

S ta t is t ic a l  analysis by Rank-Sum Tests (Hoel, I 966) , reveals 

th a t s ig n ifican t d ifferences among m alathion-treated animals
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e x is t only in comparisons between 0.48 microgram per gram 

and 3,6 microgram per gram (p = 0 , 053)* I t  should be noted 

th a t the comparison between corn o i l- tre a te d  and 3*6 micro­

gram per gram (R = 85, 5 ) animals and th a t between 2,42 

microgram per gram and 4,8 microgram per gram (R ,=87) are 

s ig n ifican t a t the 0,1 level (U,S, Department of Commerce,

1963)*

Locomotor A ctivity

The re su lts  of the smoked-plate actographic experiements

are summarized in Table 3* Hoel (1966) describes a use of 
2

the X s ta t i s t ic  fo r te s tin g  whether the locations of two 

d is trib u tio n s d if fe r . This te s t  was employed to examine 

whether the locations of the d is trib u tio n s  of the track  

areas (See M aterials and Methods) d iffe red  between males 

and females, since female c rick e ts  a re , on the average, 

la rg e r  than males. The re su lt (X  ̂ = 8 ,4, 18 df) shows th a t 

the p robab ility  th a t the d is trib u tio n s  of the male and 

female track areas are in the same location  is  >0,975*

Rank sum te s ts  were run on the data, comparing each 

lev e l of malathion dosage with the corn o il- tre a te d  con tro ls . 

The sexes were trea ted  separately .

Among females, both the 4,8 microgram per gram and 2,4 

microgram per gram treatm ents showed s ig n ific an tly  higher 

locomotor a c tiv ity  than the con tro l group a t  the 0,01 lev e l. 

The 3 .6  microgram per gram group was s ig n ific an tly  higher in  

track  area than the control a t  the 0,053  le v e l and 0,36  

microgram per gram group was s ig n ific a n tly  higher a t  the
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0,025  level.

Among males, the ^,8 microgram per gram group was 

higher than the corn o i l  contro ls (p = 0 , 05) , as was the 

2,4 microgram per gram group (p = 0,005), The males trea ted  

a t  2,4 microgram per gram were also  s ig n ific an tly  more 

active than those a t 0,36 microgram per gram (p = 0 , 05).

Thermal Gradient Behavior

The gradient apparatus described under M aterials and 

Methods was capable of producing a reasonalbly repeatable 

range of tem peratures, although the locations of specific  

temperatures along the gradient varied . Table 4 shows the 

temperatures below which h a lf  of the crickets  had se ttle d  a t  

the end of the fifteen-m inute runs. At most treatm ents, 

males had higher preferenda than females, although in  those 

tre a ted  with corn o i l  alone and those trea ted  a t 4,8 micro­

gram per gram, medians for males and females were id en tica l.

Comparison of corn o il  con tro ls with malathion trea ted  

animals shows a general trend of the l a t t e r  to seek higher 

temperatures. In females, a c lear d ifference is  seen only . 

a t  4,8 microgram per gram. In males, the median preferred 

temperature a t  every malathion dosage was higher than th a t 

of corn o il- tre a te d  animals. Comparison of corn o i l -  

trea ted  animals with those th a t  were sham-dosed with a dry 

p ipe tte  shows th a t corn o il  i t s e l f  produced a considerable 

drop in the median chosen temperature of males but not of 

females. Such differences are not e n tire ly  unexpected in a 

species with one sex strongly  t e r r i t o r i a l  and combative.
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Although males and females trea ted  with com o i l  showed the 

same median preferred  temperature, the e ffec t of th is  t r e a t ­

ment as seen by comparison with the d irec t con tro l series  

(see M aterials and Methods fo r d e fin itio n  of the control 

s e r ie s ' designations) was greater fo r males than females. 

Furthermore, the effec ts  of malathion work in  the d irec tion  

of returning the c r ic k e ts ' tenperature se lections to  those of 

c rick e ts  which have not been weighed, handled, dosed, or 

placed in a container fo r an hour before being te s ted .

Female Response to Calling and Courtship Songs 

The ranges and median times required fo r female crickets 

to trav e l 100 cm toward the sound source are shown in  Table 

5, The longest median time was in  the group th a t was placed 

d irec tly  in the arena a f te r  being removed from a rearing  

cage. The medians of the handled control se rie s  and the 

corn o il  con tro l se ries  were id e n tic a l. The median fo r the 

3.6 microgram per gram group was s lig h tly  higher than the 

corn o il group, whereas the value fo r 2.4 microgram per gram 

was lower than the corn o i l  median. The median value for 

c ricke ts  trea ted  a t 4.8 microgram per gram was the lowest 

fo r any group te s ted , representing  approximately one-half 

of the time fo r the other m alathion-treated groups, the corn 

o il  control se rie s  and the handled contro ls. Comparisons of 

various groups by rank-sum te s ts  showed significance (p = 

« 0 ,0 0 5 ) of the reduction in  time to  run the arena a t  2.4 

and 4.8 microgram per gram but not a t 3.6 microgram per 

gram. Females running down the sides of the arena often
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made a sharp tu rn  toward the center along a line  th a t 

ca rried  them d irec tly  toward the sound source when they 

were approximately 25-50 cm from i t .

The sh o rtes t times a t  each treatment probably repre­

sent values near the minimum time in which a cricke t can run 

the prescribed distance under the experimental conditions.

The crick e ts  arriv ing  in  these times seemed to follow 

s tra ig h t paths which took them variously toward the center 

of the sound source or to  one side of i t .  Crickets requiring 

the longest times spent as long as several minutes walking 

around the upper end of the arena, antennating and palpating 

the substra te  before appearing to o rien t toward the sound 

source d e f in ite ly .
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Discussion and Conclusions

Perhaps because in sec tic id es  are evaluated in  terms of 

m orta lities  in te s t  populations, considerable importance 

attaches to the le th a l i ty  of a studied dosage to the te s t  

population, whether le th a l i ty  per se is  being studied or not. 

Some work, e .g . ,  Barlow (1968), B ittner ( i 960), Fesson e t  a l ,  

(1971) , employs dosages which are termed " le th a l" , whereas 

other work investigates lev e ls  termed "sublethal" (Warner 

e t ^ , , 1966; Kennedy, 19^7? Anderson, I 968; Anderson and 

Peterson, 1969; Cairns ^  a l , , 196?; Ogilvie and Anderson, 

1965; Weiss, 1959; Macek, 1968) .  Macek ( I 968) , noting th a t 

previous workers had considered as "sublethal" dosages which 

k illed  some animals, questioned whether the term "sublethal" 

properly applied.

The le th a l-su b le th a l problem e ssen tia lly  resolves 

i t s e l f  in to  two considerations. F ir s t ,  le th a l i ty  is  eval­

uated in  terms of populations, in  the s ta t i s t i c a l  sense, 

ra ther than in terms of ind iv iduals . Exposures k ill in g  50^ 

or le ss  of a population can as w ell be ca lled  "sublethal" 

as " le th a l" . Second, the time over which a toxin  is  per­

mitted to  ac t on a population p r io r  to  evaluation a ffec ts  

the judgement of the le th a l i ty  of the dosage. In the 

present study, crickets  surviving 24 hours a f te r  malathion 

exposure seemed to  liv e  as long as a week only i f  they had 

received lower doses of the in secticde .

The mechanisms by which organophosphates k i l l  in sects 

have not been s a tis fa c to r i ly  e lucidated . There seems to  be
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general agreement th a t to x ic ity  in  vertebrates is  prim arily  

re la ted  to  cholinesterase inhibition^ but, although a c e ty l­

choline has long been known to e x is t in  insects (G autrelet, 

1938) and both th a t compound and cholinesterase have been 

iso lated  from the heads, b ra ins, and other organs of various 

insects , including crickets  (Corteggiani and S erfa ty , 1939; 

Tobias e t a l . , 1946; Roeder, 1948; Lewis and Fowler, 1956; 

Colhoun, 1958, 1959# 1963) , there is  no general agreement 

on the nature of the in sect synaptic transm itter substance. 

Acetylcholine increases in insects trea ted  with organo­

phosphates (Lewis and Fowler, 1956; Colhoun, 1958, 1959; 

Farnham, I 966) , but also increases a f te r  treatm ent with DDT 

(Tobias e t  a l , , 1946), Cohoun ( I 963) suggested th a t in sect 

peripheral nerves are cholinergic but th a t the tran sm itte r 

substance a t nerve endings is  of a d iffe ren t nature,

Farnham ( I 966) found the severity  of poisoning in diazinon- 

and diazoxon-treated f l i e s  to be closely re la ted  to  the 

extent of in h ib itio n  of cholinesterase in the thoracic gang­

lio n , The more severe a f ly 's  symptoms, the fa rth e r in to  

the nervous system the in h ib itio n  was found to  extend.

Eased on studies of the locomotor a c tiv ity  of bees f a ta l ly  

poisoned with parathion, B ittner ( i 960) had suggested th a t 

increasing severity  of behavioral symptoms would probably 

prove to  follow a progression of cholinesterase in h ib itio n  

from peripheral s i t e s  in  the nervous system inward,

McCann and Reece ( I 967) found evidence fo r a cholinergic
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neuromuscular mechanism in  insects and B oistel ( I 968) , in 

examining c r i te r ia  which he f e l t  should be f u l f i l le d  in 

order to  iden tify  conclusively a cholinergic synapse, 

concluded th a t " . . . i t  would appear th a t these conditions 

are fu lf i l le d  in  the case of ganglion of the cockroach nerve 

cord" (p. 10). Barker (1970), however, found th a t cholin- 

es te rase -reac tiv a tin g  drugs used as organophosphate a n ti­

dotes in vertebra tes did not reduce m ortality  in bees 

poisoned with parathion, carbaryl, or monocrotophos.

Faeder e t  a l .  (1970) also  found no e ffe c ts  on neuromuscular 

transm ission in  in sects  when several drugs a ffec tin g  chol­

inergic transm ission were applied to  them. Naharishi (1971) 

concluded th a t the e ffec ts  of "various organophosphates" on 

in sec t nerve and muscle are explicable in terms of cholin­

esterase  in h ib itio n . In the case of malathion, however, 

O'Brien (1956) has shown th a t cholinesterase in h ib itio n  as a 

cause of death in  insects is  suggested by jji v itro  findings 

but countermanded by in  vivo evidence. A fter an early 

in h ib itio n , cholinesterase a c tiv ity  rose u n ti l  death.

O'Brien (1956) found th a t malathion inh ib ited  succin- 

oxidase, but not to  an extent th a t could explain death. 

Kovalenok and Kazakova (1967) found succinic dehydrogenase 

in h ib itio n  in  the neurophile of the thoracic  . ganglion in 

Dipterex poisoning, whereas the same enzyme showed increased 

a c tiv ity  in thoracic  in d irec t f l ig h t  muscle. Harvey and 

Brown (1951) found th a t TEPP immediately stim ulated oxygen 

consumption, whereas parathion stim ulated i t  only a f te r  a
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60-minute latency. With both poisons, stim ulation was 

followed by depression la s tin g  u n t i l  death. Brown and Brown 

(1956) found in h ib itio n  of cytochrome oxidase in coxal 

muscles a f te r  in jec tio n  of corn o i l  solutions of malathion 

in to  the hemolymph of P erip laneta  americana. but the inhib­

i t io n  was below 20^. O'Brien (1957) concluded th a t the 

in se c tic id a l action  of malathion is  probably not re la ted  to  

carbohydrate metabolism, because in sec t enzymes were genr 

e ra l ly  less inh ib ited  than corresponding manalian enzymes, 

although in sec ts  are more susceptib le to the poison than 

mammals.

There remains, th e re fo re , considerable doubt regarding 

mechanisms of to x ic ity  of malathion. In the absence of th is  

evidence, one cannot explain  behavioral e ffec ts  in  terms of 

sp ec ific  biochemical le s io n s , but the behavioral e ffec ts  may 

suggest d irec tio n s fo r  fu rth e r chemical investigations.

In sec tic ides in  appropriate exposure levels  may stim­

u la te  b io log ica l processes. Luckey (1968) found stim ulation 

of growth in Acheta domesticus reared under suboptimal con­

d itio n s  when the young c rick e ts  were exposed to  sublethal 

doses of several in se c tic id e s . Lowered fecundity and lon­

gevity (Adkisson and Wellso, 1962; A ttiah and Boudreaux,

1964), increased fecundity and longevity (Havertz and Curtin, 

1967 ; Knutson, 1955; Kuenen, 1958; Ouye and Knutson, 1957; 

Parry and Ford, 1971) and a general lack o f e ffe c t on honey 

production by honeybees (Robinson, 1955; Wolfenbarger and 

Robinson, 1957; Morse, I 96I)  have also been reported follow-
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ing insectic ide  exposure.

Rose (1944) f e l t  th a t the f i r s t  sign of DDT-induced 

ex c ita tio n  in  a mosquito indicated f a ta l  poisoning. Barlow 

(1968) , however, found th a t S itonhilus granarius poisoned 

with what should have been a le th a l dose might survive and 

overcome the rev ersa l of th e ir  photonegativity caused by DDT. 

Kennedy (19^7)» Barrera e t a l .  (1959) and Kuhlow (1959) have 

investigated the ex c ita tio n  of mosquitoes produced by levels 

of DDT exposure which did not k i l l  the animals and Hodgson 

e t a l . (1955) and Smyth and Roys (1955) used DDT in  studying 

insect chemoreception, Soliman and Cutkorap ( I 963) and 

Soliman ( I966) found th a t parathion did not lower sucrose 

thresholds in  Musea domestica v ic in a . Pyrethrins have also 

been shown to  a ffe c t feeding behavior of Aedes aegypti (Lai 

e t a l . , 1965) and Anopheles gambiae (Smith and Chabeda,

1969).
There seem to be few stud ies of the e ffec ts  of organo­

phosphate in sec tic id es  on in sect behavior, B ittner ( i 960) 

found th a t the pattern s of tracks formed when DDT-poisoned 

bees moved about on soot-covered glass p la tes  were d iffe ren t 

from the pa tte rn s formed by parathion-poisoned bees. He 

reviewed e a r l ie r  work on d isruption  of the dance communi­

cation  system of bees by some other compounds. Pesson e t 

a l . (1971) found compound-specific patterns in  actographic 

records of houseflies poisoned with parathion, dipterex, 

fenthion and some non-organophosphate poisons.

In the present study, the various behaviors investigated
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do not seem to  be affected  in  a common way. There is  an 

unusual finding a t the dosage level 0,36 microgram per gram, 

however. In the studies on aggressive ca llin g , locomotor 

behavior and thermal gradient behavior, the values fo r th is  

dosage seem unexpected. There i s  no obvious explanation fo r 

th is  observation.

The stud ies of aggressive ca llin g  and courtship ca llin g  

by males may shed l ig h t on the e ffec ts  of malathion on a 

specific  struc tu re  in  the c rick e t. One might a ttr ib u te  the 

reduction in aggressive ca llin g  to  a  generalized expression 

of in tox ication , re f le c tin g  enzyme in h ib itio n s  which reduce 

muscular a c tiv i ty . The tendency toward increased courtship 

ca llin g , however, would seem to  be a contrad iction  of th is  

in te rp re ta tio n , as would the increase in  locomotor a c tiv ity , 

Huber (1955) suggested th a t the physiological priming 

mechanisms fo r courtship and aggression are d iffe ren t,

Huber la te r  (I960) reported th a t the mushroom bodies are 

involved in  se lec tio n  of song type and in  song-release and 

th a t the cen tra l body and mesothoracic ganglion are also 

involved in song production, the l a t t e r  containing a l l  of 

the neurons and connections fo r the coordination of the 28 

muscles involved in  song production. Later (1962), Huber 

reported th a t cu tting  both connectives between the higher 

centers and the mesothoracic ganglion elim inates singing, 

although the ganglion remains in ta c t ,  Huber's (1965) 

review of b rain-contro lled  behavior in  Orthoptera also 

pointed out th a t e le c tr ic a l  shocks to  the mushroom bodies
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of crickets  produce normal song rhythms, whereas stim ulation 

of the cen tra l body produces only anomalous song. F inally  

Huber (196?) reported th a t removal of the dorsal p arts  of 

the mushroom bodies completely stops a l l  s tr id u la tio n  and 

th a t focal stim ulation of ce rta in  areas in the brain  of male 

c rick e ts , near the mushroom bodies, e ith e r  in h ib its  singing 

or releases sound patterns very sim ilar to  normal song. 

Vowles' (1955) study of the mushroom bodies in Hymenoptera 

showed th a t these bodies are comprosed of in ternuncial c e lls  

which are e n tire ly  contained w ithin the mushroom bodies. 

Mushroom body c e lls  synapse with a ffe ren t f ib e rs  from the 

optic and antennal ganglia and with e ffe ren t f ib e rs  passing 

to  the nerve cord and subesophageal ganglion,

Malathion could, then, a f fe c t both aggressive and 

courtship ca llin g  by producing some undefined lesion  in  the 

mushroom bodies. Interference with the handling of incoming 

impulses from the sensory apparatus of the head, w ith outr 

going impulses to the subesophageal ganglion, or both, could 

produce behavioral e ffe c ts . Taken in to ta l ,  Huber's work 

demonstrates th a t normal song-type production does not occur 

in the absence of the mushroom bodies and th a t stim ulation 

of various fo c i on the mushroom bodies leads to  normal 

song-release, which happens with stim ulation of no other 

s tru c tu re . Males with lesions in the dorsal protocerebrum 

sometimes sing to the point of exhaustion, M alathion's 

e ffec ts  on courtship and aggressive ca llin g  could be mediated 

through an e ffec t of the in sectic ide  on the mushroom bodies.
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As Khalifa (1950) noted, the courtship  display of Acheta 

domesticus is  lim ited to  song. The e ffe c ts  of malathion 

thus change the en tire  courtship display of th is  species. 

Many questions regarding ex c ita to ry  and inhibitory  

influences of the neuronal pathways of which mushroom body 

in ternuncials form parts remain to  be answered. Further 

investiga tions involving malathion could play a part in  

elucidating  " , , , das kom plizierte Zusammenspiel von Sinnes- 

organen und mehreren zentralen S te llen  bei der Kontrolle und 

Koordination des akustischen V erhaltens,, ,"  (Huber, I960, 

p, 124), Huber (I960) noted th a t i t  was unclear from h is 

work whether a single cen tra l body c i rc u i t  changes i t s  

discharge rhythm in  conformity with neural commands from the 

mushroom bodies or whether fo r each of the three song types 

there i s  a separate c i r c u i t .  The e ssen tia lly  opposite find ­

ings on e ffe c ts  of malathion on courtship  and aggressive 

ca llin g  would be compatible with e ith e r  of these systems; 

these findings thus shed no lig h t on th is  question.

In locomotor behavior, malathion stim ulates at a l l  

le v e ls , although th a t a t  3,6 microgram per gram is  not so 

great as would be expected from surrounding values. In the 

case of th is  behavior, Huber's findings may again c la r ify  

the circumstances. By I960, Huber had concluded th a t the 

brain  contains neurons of which the input controls the vigor 

and duration of locomotion. The neurons did not appear to  

be brought together in "centers", but were d is trib u ted  over 

a large region of the protocerebrum. I t  was demonstrated
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fo r the f i r s t  time th a t the mushroom bodies contain inhib­

ito ry  neurons fo r  locomotion. Absence of both mushroom 

bodies was shown to increase walking and jumping ac tiv ity  

( fa ilu re  of in h ib itio n ) whereas absence of the cen tra l 

body decreased walking a c tiv ity .

Huber found la te r  (1962) th a t removal of the sub­

esophageal ganglion causes a marked decrease in  f lig h t 

a c tiv i ty  and locomotor a c tiv ity . Further work (Huber, 196?) 

showed th a t removal of the dorsal parts of the mushroom ■ 

bodies in  c r ic k e ts  causes a "remarkable increase" in  loco­

motor a c t iv i ty , which increase is  not e l ic i te d  by destruction  

of the sensory equipment of the head. The e ffe c t would 

appear, then to  be due to  the removal of in h ib itio n  orig­

inating  in  or near the mushroom bodies. Confirmation of 

th is  explanation was obtained when stim ulation to  the 

calyces and la te r a l  neuropile reduced locomotor a c tiv ity . 

Huber hypothesized th a t ,  since no locom otor-inhibitory 

cen ter has been found outside the mushroom bodies, the sub­

esophageal ganglion and cen tra l body must act together 

as locomotor ex c ite rs  to  the mechanisms in  the thoracic 

ganglia and th a t  both are inh ib ited  by commands from the 

mushroom bodies.

The locomotor behavior of crickets dosed w ith malathion 

is  suggestive of mushroom body involvement. At a l l  dosages, 

median locomotor a c tiv i ty  is  g rea ter than th a t of animals 

trea ted  with corn o i l .  This increase may be a ttr ib u tab le  

to  the removal of mushroom body locomotor in h ib itio n  under
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the influence of malathion. Evidence of e ffec ts  of malathion 

on two song types, aggressive ca llin g  and courtship ca llin g , 

and locomotor behavior together leave no a lte rn a tiv e  which 

is  superior to the explanation of an e ffe c t on mushroom 

bodies.

Investigations of the con tro l of locomotion in some 

in sec ts  closely re la ted  to  c rick e ts  have demonstrated mech­

anisms th a t are not known in  c r ic k e ts , Pearson e t  aJL,

(1973) have id en tif ied  two types of cen tra l interneurons in 

the cockroach and have discussed the probable ro le s  of 

c e rta in  cu ticu lar sense organs in  the contro l of locomotion, 

Odhiambo (1966) has implicated corpus allatum hormone in  

locomotor control in a species of lo cu st. I t  is  conceivable 

th a t sim ila r mechanisms in  c rick e ts  may ac t in  concert with 

the mushroom bodies in the con tro l of locomotion. Research 

on such possible mechanisms in  crickets  might fu rth e r c la r ify  

modes of malathion to x ic ity .

Another aspect of th is  study, response of females to  

c a llin g  and courtship songs, involves, among other phenomena, 

locomotion. Granted th a t c rick e ts  tre a te d  with malathion 

are more ac tive , is  th is  increased a c tiv i ty  expressed in  

uncoordinated movement, as is  seen in the course of poisoning 

of in sec ts  by various in sec tic id es  (B ittn er, i 960 ; Pearson 

e t  a l , , 1973) or is  the increased a c tiv i ty  accompanied by 

more rap id  approach toward an a t tra c tiv e  stimulus?

M alathion-treated animals showed a c lear trend  to 

tra v e l toward the source of c a llin g  and courtship ca lls
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more rapidly than insects tre a te d  otherwise. O rientation of 

the insects toward the sound source seems the only reason­

able explanation of th is  phenomenon, since opportunities fo r  

locomotion in  d irec tions other than toward the source were 

ample,

The primary function of the cricket ca llin g  song is  the 

a ttra c tio n  of females (Alexander, 1961). I t  was not poss­

ib le  to investigate th is  aspect of acoustic behavior • 

d ire c tly , as was done fo r the aggressive and courtship songs, 

since males did not produce the ca llin g  song under circum­

stances conducive to  such study. Furthermore, females were 

not found to  be a ttra c te d  to  tape recordings of c a lls , poss­

ib ly  because of defic iencies in  the transducing equipment.

The use of ac tual crickets as a sound source might be 

u n ju stified  i f  crickets were known to produce sexual 

a t tra c ta n t pheromones, but these are not known, nor do they 

seem like ly  in lig h t of the accoustical a t tra c ta n t system 

known in  these animals (Regen, 1912). A fu rth e r possible 

objection is  th a t females might be a ttra c te d  via the o l­

factory  mode to  some non-pheromonal scent a ris in g  from the 

cage of crickets , and th a t i t  was, in fa c t , o rien ta tion  by 

scent which was f a c i l i ta te d  in m alathion-treated animals. 

Again, olfactory a t tra c tio n  of th is  so rt is  not known in 

c rick e ts . Moreover, investiga tions of the e ffec ts  of organo­

phosphate in sectic ides on chemical senses of insects have 

consisten tly  produced negative re s u lts  (Soliman e t a l , , 1963; 

Soliman, 1966), I t  seems reasonable, therefo re , to  assume
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that the females were orienting to the container of crickets 

as a source of attractive acoustical stimuli.

Since males spend more time in courtship ca lling  when 

treated with malathion, at least at higher dosages, and 

since females show heightened responsiveness to the ca llin g  

and courtship songs of males, i t  is  possible that mating 

might be more frequent in natural populations exposed to 

th is  insecticide. I f  th is were true, increased fecundity 

might follow , as has been reported in various insects trea t­

ed with phosphamidon (Parry and Ford, 1971; Havertz and 

Curtin, 196?; Knutson, 1955). Although diversity of in sects , 

pesticides, and experimental designs makes i t  unlikely that 

a common mechanism underlies the similar findings, i t  is  

interesting that the effects on the insect populations and, 

potentia lly , the environmental import, are sim ilar.

There seems to have been no report in the literature of 

an investigation of possible e ffec ts  of any organophosphate 

insecticide on thermal gradient behavior of any animal. In 

Acheta domesticus temperature i s  known to exert pronounced 

effects  on developmental times (de Bâillon, 1920; Kemper, 

1937; Sparks, 1959), nymphal mortality (de Bâillon, 1920) 

and size of adults (Sparks, 1959).

The g rea tes t e ffec ts  of malathion on median selected 

temperature occur a t d iffe ren t dosages fo r males and females. 

The effec t in  males was most pronounced a t 4.8 micrograms 

per gram, the upper lim it of LD^q range, whereas in females 

the effec t was maximum a t 2.4 micrograms per gram. The
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s h if t  was also  g rea ter in females, a r is e  of 11°F. over 

corn o il tre a ted  con tro ls , whereas males showed, a t the 

g rea tes t, only a 7.5°F* upward s h if t  in  median selected 

temperature. These findings were both unexpected in  lig h t 

of Ciocco's (19^0 ) finding th a t female animals are generally 

le ss  susceptible to  toxins.

An upward s h if t  in se lectd  temperature could have 

several e ffe c ts  in m alathion-intoxicated in sec ts . Toxicity 

of malathion to  Kusca domestica varies d irec tly  v/ith temp­

erature (Negherbon, 1959). An increase in a c r ic k e t 's  

body temperature could increase the e ffec ts  of exposure, but, 

as White and Jones ( I968) found, cold may provide protection 

a ^ in s t in sec tic id e  e ffe c ts .

D ifferent e ffec ts  of in sec tic id es  a t d iffe ren t exposure 

levels are not uncommon; any of them would be expected to 

k i l l  insects a t  some dosage, yet as Luckey ( I 968) and others 

have shovm, grov/th, longevity and fecundity may be greater 

in insects exposed to  ce rta in  appropriate lev e ls , Ogilvie 

and Anderson (1965) found th a t DDT in low doses caused a 

downward s h if t  in  the temperature selected  by young A tlantic 

salmon, whereas higher doses produced an upward s h if t  and 

'eeman and Matsumura (1973) reported th a t ra ts  trea ted  with 

high doses of acaric id e , chlordimeform, showed in i t i a l  

hyperexcitation followed by tra n q u iliz a tio n , whereas those 

trea ted  v/ith low doses showed tra n q u iliz a tio n  in i t ia l ly .

Work such as th a t of Ogilvie and Anderson (1965) and 

'eeman and r.iatsuraura (1973) ind icates th a t e ffec ts  of an
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insecticide on a behavioral parameter are not necessarily  

dose-related in a linear fashion. The complexity of 

physiological functions involved in a behavior pattern sug­

gests that the expression of insecticide effects on that 

behavior might be equally complex.

There is undoubtedly work on the behavioral effects of 

insecticides which has gone unreported because of the d if f i ­

culty of explaining the findings in terms of current frag.- 

mentary knowledge of sublethal pesticide e ffects . I t  is  

desirable that such work be reported for its  potential 

benefit to our understanding of the interactions among 

organisms, their environments, and the pesticides which have 

become virtually  omnipresent features of those environments. 

In many cases, the explanation of behavioral findings in 

terms of sp ecific  physiological events must await the clar­

ifica tio n  of mechanisms of tox ic ity  of insecticides; many 

fundamental questions regarding the physiology of nervous 

systems must be answered as w ell.

I t  is  apparent (Huber, 1955; Roeder, 196?) th a t the 

concept of s p a tia lly  localized  functional nerve centers must 

be abandoned in the case of c rick e t and mantis locomotor 

contro l, and Huber’s (I960, 1965» 196?) reports of several 

lo c i w ithin the mushroom bodies fo r production of ce rta in  

song types contra ind icate sp a tia l  localiza tion  of function 

in  th is  system, Schurmann's (197^) studies of the mushroom 

bodies of Acheta domesticus provide anatomical evidence 

which supports the behavioral indications of complexity.
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The potential for complexity of an insecticide effect on 

mushroom body-related behavior may be magnified by the 

emergence at some dosage of modifying e ffects  which did not 

ex ist at lower dosages. Plots of dosage against response 

would not be meaningful in such a system, although effects  

could be pronounced. Investigations using electrophysio- 

lo g ica l techniques to study the effects of insecticides 

on the mushroom bodies are needed to te st  the tentative 

conclusions v/hich can be drawn from behavior, as in the 

present study.

■iological changes secondary to physiological effects  

of in secticides may be of considerable economic and environ­

mental importance. Raised thermal preferenda in both sexes 

following malathion exposure could a lter the relationship 

of a species to man, increasing the tendency of insects to 

seek the warmth of homes and other heated buildings.

Increased courtship calling by males and heightened responses 

of females to calling  songs could contribute to increases in 

fecundity and concomitant increases in population density, 

which changes could also a lter the pest status of a species 

such as Acheta domesticus.



Treatment first 
5 min.

second 
5 min.

third 
5 min.

1 5 min. total
5 min. 
mean

first 
5 min.

second 
5 min.

third 
5 min. 1 5 min

Direct 35 4 5 53 1 3 3 4 5 0 2 0 0
Handled 1 9 2 9 28 76 2 5 1 3 5 0
Corn Oil 8 21 1 9 48 16 5 7 1 3 3
Isolated 39 83 86 208 6 9 1 2 1 0
0 , 3 6  mcg/g 4 10 3 17 6 1 3 9 12 8
2.4 mcg/g 3 6 4 1 3 4 11 9 9 3
3 . 6  mcg/g 7 1 5 6 28 9 11 9 14 7
4.8 mcg/g 9 8 5 22 7 10 9 8 6

Table 1 : Mean numbers of calls per 1 5 -minute period by pairs of male Acheta domesticus.
Calls per 1 5 minute period are shownI as totals and as numbers of calls in the
component 1 st ond 1--, 2—- and 3-- 5-minute periods. Columns 6-9 show the numbers of

oo

5 -minute periods and 1 5 -minute totals in which no calling occurred.
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Treatment Total Calling Time

Direct 2107.6 sec.

Handled 629.0 sec.

Corn Oil 803.6 sec.

0.36 mcg/g 816.3 sec.

0.48 mcg/g 567.8 sec.

2.4 mcg/g 707.5 sec.

3.6  mcg/g 1464.1 sec.

4.8 mcg/g 1622,0 sec.

Table 2; Total time spent in  courtship ca lling  by ten male

a single female fo r I 5 minutes.

Treatment Average Areas 
male

of Tracks (cm )̂ 
female

Median

D irect 7.14 9.47 7.94
Handled 5.88 6.03 5.55
Corn Oil 2.83 2.99 2.12

0.36  mcg/g 4.40 9.46 3.59

2.4 mcg/g 8.33 13.41 10.05

3.6  mcg/g 4.89 6.73 4.91

4.8 mcg/g 8.01 6.11 8.64

Table 3» Smoked plate actograph data
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Female Male

Treatment
Lower 

Zone Temperature 
boundary (°F)

Lower 
Zone Temperature 

Boundary (°F)

Direct 8/9 61 6/7 71

Handled 8/9 62 2/3 92

Corn Oil 7/8 6^ 7/8 63

2.4 mog/g 8/9 63 3/6 76

3.6 mcg/g 8/9 63 6/7 71

4.8 mcg/g 6/7 72.3 6/7 72.3

Table 4: Zone designation and lower temperature boundary 
delineating  median preferred  temperatures of 
Acheta domesticus in a thermal gradient.

Treatment Range
Min;Sec.Sec X 10'

Median . 
Min:Sec.Sec X 10"^

Direct 0:3-9:23 3:15
Handled 0:8-6135 1:12.3

Corn Oil 0 :13- 6:00 1:12.3

2.4 mcg/g 0:10-8:20 1:07.5
3.6 mcg/g 0:8-3:23 1:35
4,8 mcg/g 0:10-3:33 0:34.3

Table Ranges and medians of time required by 
female Acheta domesticus to tra v e l 100 cm. 
toward a source of ca llin g  and courtship 
songs.
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Figure 2

Thermal gradient apparatus. Hot water en ters the outer 
trough (D) via holes in the pipe (A) which extends to  the 
l e f t ;  cold water en ters the outer trough (D) via holes in  
the pipe (3) which extends to  the r ig h t; c rick e ts  are in 
an inner w ater-free trough (C) which is  tempered by the 
water flowing around i t .  Thermometer leads (E) are connected 
to a Yellow Springs telethermometer.
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