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The objectives of this study were: a) to obtain and evaluate 

equipment for bio- acoustical analysis for this work and for future 

work in the analysis of insect sounds, b) to study the acoustical and 

sexual behavior of Acheta domesticus L. , and c) to determine methods 

for analyzing the changes effected by Dieldrin, Parathion, and Sevin. 

Various instruments were evaluated for use as analytic equip- 

ment. An Ampex PR -10 tape recorder, a dynamic F -91 Sony micro- 

phone, a Tektronix 547 oscilloscope with a dual beam type lAl Plug - 

in Unit, and a Fairchild 751 -A oscilloscope camera were among the 

equipment evaluated and found to be satisfactory. 

The acoustical and sexual behavior of A. domesticus were 

investigated and found to be closely correlated. A. domesticus 

has a song repertoire consisting of calling, pre- courtship, court- 

ship, and aggressive sounds. In addition, there is a "threat" sound 
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produced by a male courting an unresponsive female. This sound 

may be the same as the aggressive sounds produced when a courting 

male is interrupted by another male. The spermatophore is produced 

prior to or during the eliciting of the calling song. If the male suc- 

ceeds in attracting a responsive female, a complex set of behavior 

patterns ensue, in which the male maneuvers the female into posi- 

tion for attachment of the spermatophore. During this time the male 

may elicit either the pre- courtship or courtship songs. Once the 

spermatophore has been accepted by the female, the male displays 

a watching behavior to prevent detachment of the spermatophore 

before it has emptied. 

Noticeable changes in the acoustical and sexual behavior occur 

when male crickets are treated with pesticides. Treatment with 

sublethal doses of Dieldrin and Sevin result in an increase in pulse 

rate, chirp rate, the number of pulses per chirp, and the frequency 

range in the calling song. Treatment of crickets with Parathion has 

the effect of disrupting the rhythm pattern of the calling and courtship 

songs, and increasing the range of frequencies elicited in the chirps 

of the calling songs. In addition, Parathion has the effect of inhibiting 

certain phases of the copulatory behavior. There appears to be a 

conflict of copulatory and post - copulatory behavior patterns. 
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THE EFFECT OF SUBLETHAL DOSES OF DIELDRIN, 
PARATHION, AND SE VIN ON THE CALLING SONG OF 

ACHETA DOMESTICUS L. (ORTHOPTERA: GRYLLIDAE) 

INTRODUCTION 

Since the writing of Silent Spring (Carson, 1962), a great deal 

of public and scientific interest has been generated concerning the 

effects of pesticides in the environment. Much of the early work 

emphasized the evaluation of pest control operations, the develop- 

ment of reliable analytic techniques, and the measurement of residue 

levels in the environment in or near sprayed areas. Presently there 

is an increasing effort to determine the physiological effects of 

pesticides, particularly those related to reproduction and survival 

under natural conditions. An understanding of the effects of pesti- 

cides in the environment is important in the control of harmful 

insects as well as in the propagation of beneficial insects. 

One approach to the study of physiological effects of pesticides 

is to analyze changes in the innate behavior of an organism brought 

on by the pesticides under controlled conditions. Acheta domesticus 

L. is an excellent organism for such a study in that it is easy to 

rear (Sparks, 1959) and like other crickets has a highly organized 

acoustical behavior which is to some extent stereotyped and predict- 

able. The acoustical behavior can be recorded and stored for analysis 

both before and after treatment with a given toxicant. 



2 

The objectives of this study were: a) to obtain and evaluate 

equipment for bio- acoustical analysis for this work and for future 

work in the analysis of insect sounds, b) to study the acoustical and 

sexual behavior of A. domesticus, and c) to determine methods for 

analyzing the changes effected by Dieldrin, Parathion, and Sevin. 
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LITERATURE REVIEW 

The literature on sound production and animal communication 

has expanded rapidly within the past 30 years, largely due to the 

enriched knowledge of electronics and the ability to transform sound 

into electrical signals for analysis. Biologists in every field of 

endeavor have quickly adapted new equipment and techniques to the 

search for knowledge of animal communication (Sebeok, 1965). 

One of the most advanced phases of communication studies to 

result from these new techniques has been the field of "bio- acoustics ", 

which is devoted largely to the analysis of mechanical vibration that 

some animals transmit by air as sound. The principle questions 

asked at first by investigators were mostly analytical: what are the 

causes and effects of the different kinds and amounts of variation of 

sounds transmitted by animals; and how is the hierarchy of the ner- 

vous system related to the hierarchy of parameters in the song 

pattern? Realizing the need of a classification system entailing 

functional as well as structural attributes, Alexander (1962á) under- 

took the analysis of the evolutionary significance of acoustical be- 

havior in crickets. The literature dealing with just the four families 

of "acoustic" insects -- Gryllidae, Tettigoniidae, Acrididae, and 

Cicadidae --is too enormous to review in a work of this nature. The 

literature reviewed, therefore, deals primarily with the function of 
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sound production in crickets, and the role of acoustical behavior 

in cricket classification. 

The Function of Sound Production in Crickets 

The main function of sound production in crickets, as in most 

organisms, is communication, since communication can be said to 

be the activities of one animal which influence the activities of 

another (Alexander, 1960). Insects use their visual, chemical, 

tactile, and auditory senses to communicate with just about every 

major class of life. In crickets, communication is made up of both 

short range and long range signalling. In short range signalling the 

individuals involved are within range of several senses, and in long 

range signalling the individuals involved are within range of only the 

auditory sense. Sound operates in both situations and sound commu- 

nication has reached a high degree of evolutionary complexity in 

bringing together adult males and females. 

Auditory stimuli operate at long range, as is demonstrated 

by the intensity and specificity of song rhythms in sympatric species 

of Orthoptera and Cicadidae (Allard, 1929; Meyers, 1929; Faber, 

1932; Fulton, 1931; Pringle, 1954; and Alexander, 1957 - 1960). 

Regen (1913) showed that females of Gryllus campestris L. were 

attracted to the calling song of males. Recently literature by 

Pringle (1956), Alexander (1957a, b, c and 1960), Frings and 
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Frings (1958), and Haskell (1962) have established evidence for 

both long range and short range sound communication in numerous 

species of crickets. Most of the information on sound production in 

Orthoptera involves two systems: 1) tegminal stridulation associated 

with tympanal auditory organs on the front tibia in the Ensifera 

(Orthoptera: Saltatoria), and 2) tegmino -femoral stridulation and 

alary crepitation associated with abdominal tympanal auditory organs 

in the Caelifera (Orthoptera: Saltatoria). Walker (1957), Perdeck 

(1957), Alexander and Moore (1958), and Spooner (1964) have shown 

that differences in songs among sympatric species in these groups 

are behaviorally significant and are involved in reproductive isola- 

tion among species. 

The sounds produced by Orthoptera are divided into five 

categories by most investigators (Haskell, 1961): 1) male calling 

songs, 2) calling sounds produced by females, 3) courtship songs 

by males, 4) aggressive sounds produced by males, and 5) disturb- 

ance sounds produced by either sex. In crickets, the sounds are 

generally limited to the males, since the females usually have no 

stridulatory apparatus. The function of these sounds is indicated 

by the conditions under which they are produced. 

Male Calling Songs 

These sounds are the only ones which are normally produced 
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by individuals which are completely isolated from all others. Be- 

cause they are rhythmical and repetitious, they structurally resemble 

the "songs" of amphibians, birds, and humans, and hence are referred 

to as songs by most authors. Alexander (1962) lists four situations 

in which one may expect to hear the male calling song: 1) if the 

male has not copulated recently; 2) if the male is not being disturbed 

by the presence of other animals or by some physical factor in the 

environment; 3) if the male has not sung for a while, or has not been 

singing continually for a long period of time just previously; and 

4) if the male is located a) in the dark if a nocturnal species, b) in a 

situation of high light intensity if a diurnal species, and c) in a situa- 

tion of low light intensity if a crepuscular species. These factors 

combine to cause singing during definite predictable periods of each 

day. 

Female Calling Sounds 

As mentioned above, the females of most species of Gryllidae 

and Tettigoniidae do not produce sounds. In those which do not, the 

female moves toward the stationary male. In Caelifera and Ensifera 

where the females do produce sounds, a complex alteration of the 

male and female calling sounds cause locomotion of both sexes 

(Walker, 1957 -1964 and Spooner, 1964). 
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Courtship Songs by Males 

These songs, like the calling songs of males, are usually very 

rhythmical and somewhat stereotyped in each species. The courtship 

song is usually produced when the male and female are within range 

of the chemical, visual, or tactile senses, just prior to, or during, 

copulation. The actual significance of the courtship songs of males 

has not been agreed upon, although senses other than auditory are 

thought to be of greater importance in the act of copulation. Huber 

(1955) and von Hörmann -Heck (1957) believe that the courtship song 

is essential in causing the females of Gryllus bimaculatus L. to 

assume the copulatory position, but Khalifa (1950) and Haskell (1953) 

believe it is used by males of Acheta domesticus L. to attract females 

at short range only. Ghouri and McFarlane (1957) have found that 

the females of this species will actually copulate with wingless males. 

Male Aggressive Sounds 

These are the sounds commonly produced by many Ensiferan 

males when in the presence of another male of their species.. This 

sound is usually accompanied by sparring or fighting with antennae, 

forelegs, and mandibles, and kicking with the hind legs (Alexander, 

1962). In many cases, a distinctive sound is elicited as a threat to 

an approaching male and may be responsible for territoriality 
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displayed among many species, particularly the field crickets. 

Disturbance Sounds 

These sounds are elicited by only a few species of Orthoptera 

when they are restrained, startled, or otherwise disturbed. This 

disturbance generally occurs in the form of visual or tactile stimuli 

produced as a result of the activities of other animals. It is believed 

that sound production arose in connection with courtship, and that 

disturbance sounds are secondary. Alexander (1960) states that 

only species (among Orthoptera) which live on vegetation produce 

disturbance sounds. 

The Role of Acoustical Behavior in Cricket Classification 

Great changes in the classification of North American crickets 

have been made since 1950 through the work of Alexander, Thomas, 

and Walker, all men who have been inspired and influenced by the late 

Dr. Bently B. Fulton. 

The long range calling songs of male crickets have proven to 

be reliable character traits for taxonomic purposes (Alexander, 1962; 

Walker, 1962; and Perdeck, 1957). Over 300 insect species with long 

range calling songs have been recorded and so far there has been no 

exception to the rule that "... acoustical behavior is always clearly 

different among species that are sexually active in the same places 
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at the same times (Alexander, 1962). " 

The most important aspect of calling songs, in terms of 

specific effects upon the behavior of individuals which hear them, 

is their rhythm patterns (Walker, 1957; Perdeck, 1957; Haskell, 

1958; and Alexander and Moore, 1958). The calling songs are the 

most intensive, the most distinctive, the most rhythmical, the most 

complex and the most long- continued of all the sounds produced by 

crickets. They have become taxonomically stable characters because 

of the selective forces acting upon them as a result of the fact that 

they operate at great distances and represent the first contact be- 

tween an adult male and female in their environment. The success 

of a sedentary , territorial, relatively isolated male of an ensiferan 

species depends upon his abilities as a singer and the female's 

response to his song. In order for song differences to have evolved, 

one can speculate that a selective advantage was attached to the 

development of structural differences in the songs of different 

species and to a corresponding specificity of response in females. 

Specificity of songs of different species is primarily thought 

to exist in the basic rhythm of all insect sounds, which gives the 

song a characteristic pulse rate depending upon the rate of oscilla- 

tion or vibration of the sound -producing apparatus - -the timbals in 

cicadas, the tegmina in Ensifera, and the tegmino - femoral and alary 

apparatus in Caelifera. The stability of these songs gives validity 

to their use as taxonomic characters. 
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METHODS AND MATERIALS 

Evaluation of Equipment 

Various modern techniques and complex apparatus are indis- 

pensable for the study of acoustical signals among the insects. The 

acoustical signals must be transformed into electrical signals which 

can be stored by a suitable recording method for subsequent measure- 

ment and analysis. The primary problem in the recording of insects 

is to obtain a suitable microphone and recorder which will give ac- 

curate response to frequencies in the range of 50 to 30, 000 cycles 

per sec (c /s), since sounds produced by insects are likely to fall 

within that range or higher. Flight sounds of 180 c/s have been 

recorded for Apis mellifera L. (Woods, 1956) and 600 c/s for Aëdes 

aegypti L. (Kahn and Offenhauser, 1949). The highest frequencies 

are found among the Orthoptera. The species Barbitistes fischeri 

(Yers. ) ( Orthoptera: Phanaeropteridae) are known to produce sounds 

of 12, 000 to 90, 000 c/s (Busnel, 1963). 

The following tape recorders were investigated as possible 

instruments for sound recording: two Sony 777 units, an Ampex 

602 -2, an Ampex PR -10, a Tandberg 64, and a Crown 824. These 

recording units were obtained from the manufacturers for trial and 

tested by High Fidelity Unlimited, 2816 S. W. Sam Jackson Park 

Road, Portland, Oregon, for record /playback frequency response. 

- 
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The recordings were made on Ampex 541 recording tape at 7 -1/2 

inches per second (ips), with a signal being generated from a Hewlett - 

Packard 200CD audio oscillator. The measurements were made at 

several representative frequencies from 20 to 20, 000 c/s and ana- 

lyzed by a Hewlett- Packard 330B Distortion Analyzer and Vacumn 

Tube Volt Meter (VTVM). The signal output level of the oscillator 

varied from 240 mV to 400 mV to give a reading of 0 dB on the dis- 

tortion meter and then recorded at - 10 VU on the tape recorders. The 

signals thus recorded were measured on a Tektronix 130 -A oscillo- 

scope to determine the record and playback response. Figure 1 

illustrates the R/P frequency response curves thus obtained. If a 

machine had a frequency variation greater than f 2 dB within the 

range of 20 to 20, 000 c/ s, it was considered unsuitable. By this 

process the Sony and Tandberg units were eliminated as possible 

analysis equipment. The Ampex 602 -2 was later eliminated because 

of the limitations of a single -speed recorder. It is often necessary 

to record at 15 ips and later feed this signal into an analyzing instru- 

ment at 7 -1/2 ips or 3 -3/4 ips in order to get very low frequencies 

to show up in the analysis. On this basis, the Ampex PR- 10 and the 

Crown 824 were found to be the most suitable recording instruments 

tested. 

The microphone used throughout this study was a Sony F -91 

Dynamic Microphone which offered a low impedence of 150 ohms 

. 



Figure la. Frequency- response curves 
of four of the tape recorders 
evaluated for this study. 
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Figure lb. Frequency- response curves 
of two of the tape recorders 
evaluated for this study. 
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and a high impedence of 250 ohms. This instrument was found to 

have a flat response (f 2dB) from 20 to 18, 000 c /s, which is suffi- 

cient for recording A. domesticus. Work on insects producing 

higher freqeuncies may necessitate a different microphone. In 

choosing a microphone one should consider such factors as the fre- 

quency band being recorded (dependent on the species being recorded), 

the locality for recording (field or laboratory) and the intensity of 

the signal (a function of the distance between the transmitting animal 

and the microphone). The quality of the microphone can be deter- 

mined by the voltage output of the microphone, the frequency dis- 

tortion, the response range, and the background noise produced by 

the microphone (Busnel, 1963). An electrodynamic microphone, 

such as the one used in this study, is usually considered best for 

work on insect sounds because of its stability, low impedence, out- 

put level ( -50 to -65 dB), and use as an indoor or outdoor instrument. 

Once the sound signal is recorded, it may be analyzed in at 

least three modes of variation: time (duration of the signal and the 

interval between each signal), amplitude or intensity of the signal, 

and frequency of the signal. It may also be desirable to analyze the 

signal for the form of the envelope produced, repetition of elementary 

signals or of a series of wave trains of the same signal, and the ex- 

istence of harmonics and asymetric components on the signal. The 

best instrument found for these functions is a double beam oscilloscope, 
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which is complimented by a continuous streak recording camera. 

As film is passed at a constant high speed in front of the cathode 

ray tube (CRT) a record of the amplitude as a function of time is 

obtained. If frequency analysis is necessary, it can be obtained by 

showing down the tape recorder or by running the film at a very 

fast speed (dependent on the frequency of the signal being analyzed). 

The instrument obtained for this purpose was a Tektronix 547 Oscillo- 

scope with two time bases and a type lAl Dual Beam Plug -in Unit. 

One of the most popular methods of analysis of insect sounds 

currently being used in the United States by workers in bio- acoustics 

is the Sonograph frequency analyzer. The frequency of a sound sig- 

nal may be obtained by this instrument as a function of time. The 

recording is made on a special coated paper which is placed on a 

drum attached to a larger rotating magnetic drum. The vertical 

displacement corresponds to the frequency and the degree of blacken- 

ing to the intensity or amplitude (Figure 2). A variation of this in- 

strument known as a Missilyzer was obtained from Kay Electric 

Company. It was found to be limited in that it is restricted in the 

frequency range available for analysis, the recording paper has 

limited possibilities, and a great deal of error is introduced by 

transferring the signal from the recording tape to the recording 

drum and then to the recording paper. It is further limited in that 

only short sections of recording tape can be analyzed (0. 7 seconds) 
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Figure 2. Recording of two and three pulse chirps 
by a Kay Electric Company Missilyzer. 
Recordings are referred to as Sonograms. 
This one was recorded at a Mark Level 
of 6. 5, wide band width, record gain of 
18, and a reproduce gain of 12. 

18 
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compared with a relatively long series of continuous signals with 

the oscilloscope (up to six minutes). Literature on other sound 

analyzers was reviewed, but trials were not made since these two 

methods of analysis were considered to be the best available. A 

good review of analytic equipment and techniques can be found in the 

Acoustical Behavior of Animals (Busnel, ed. , 1963). 

Techniques Used for Recording and Analysis of Sounds 

Recordings were made on Scotch #131 low print, 1.5 mil 

acetate recording tape at a speed of 7 -1/2 ips. The microphone was 

placed a constant distance of four inches from the specimen while 

recording. This was accomplished by placing the cricket in a four 

inch square chamber constructed of 1/4 inch Plexi -glass (Figure 3) 

with holes drilled half way through on the inside to absorb echo, and 

a screen divider which served to keep the male cricket from approach- 

ing the microphone and as an additional chamber in which to place 

a female. In this manner, the calling song of the male cricket could 

be elicited from the specimen providing other conditions discussed 

in the literature review were met. 

The crickets were placed in the Plexi -glass chambers and 

kept in a dark room, lighted only by a standard darkroom safelight 

lamp, during the recording period. This room was kept at a constant 

temperature of 25oC f lo by a thermostatically controlled heating 



Figure 3. Plexi -glass recording chamber with screen 
dividing the top half from the bottom half. 
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unit. An arbitrary time period of 48 hours was established for 

recording. The crickets to be treated with pesticides were recorded 

periodically for 24 hours prior to treatment. After the administra- 

tion of the pesticide, they were recorded every three hours for 24 

hours or however long they would continue singing, usually 9 to 12 

hours. At other times, the crickets were kept in a rearing room 

which alternated between the above mentioned darkness for 10 hours 

and light intensity supplied by a "day- bright" fluorescent lamp for 

14 hours. The photoperiod was altered such that darkness was ob- 

tained during the normal daylight hours for convenience of recording. 

The recordings obtained from individual crickets before and 

after treatment were subseqeuntly analyzed for changes in chirp 

rate, pulse rate, and frequency of sounds emitted. Certain changes 

in the pattern of the song were also noted by oscillographic analysis. 

In order to analyze the songs for chirp rate and pulse rate, the os- 

cillographic camera was operated at a constant speed of 1.66 inches 

per second. Analysis of the frequency of the signals was obtained 

by operating the oscillographic camera at a constant speed of 10, 819 

inches per minute. Because permanent acquisition of an oscillo- 

graphic camera had not yet been completed at the time of analysis, 

the analyses shown are from two different sources. Those oscillo- 

grams from which the data on chirp rate and pulse rate were ob- 

tained were made with the PAR -70 oscilloscope camera which has 



22 

variable speeds from 0 to 60 inches per second. The PAR -70 prints 

the image on 70mm film or photographic paper, and is supplied with 

two stroboscopic lights. One light prints horizontal lines to which 

the amplitude of the signal can be compared and the other prints 

vertical lines every tenth of a second and functions as a time marker. 

The data for frequency analysis was made from the Fairchild 

751 -A, 60 Hz 35mm oscilloscope camera which has variable speeds 

from 0.8 to 10, 819.3 inches per minute in 18 settings. The time 

marker for this camera is supplied by an internal timing light which 

is fired by the 60 cycle line frequency. In addition there is supplied 

an alternate light which can be fired from an external source. 

Methods of Studying Sexual Behavior 

Sexual behavior of the male and female was easily observed 

in the chambers constructed for sound analysis. For observation 

of the effects of the sounds produced by the male (before and after 

treatment with pesticides) on the behavior of the female, an arena 

(Figure 4) was constructed similar to the one used by Spooner (1964). 

An Eico speaker with a frequency response of about 1500 to 30, 000 

cps was placed at various positions around the arena and the songs 

were played to a female within the arena. In this way, it was possible 

to determine if there was a positive response toward the speaker on 

the part of the female, or a negative response of either ignoring the 
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Figure 4a. Side view of response arena. 

Figure 4b. Top view of response arena. 
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song or going away from it. 

Determination of Lethality 

It was necessary to determine the toxicity of Dieldrin, Para- 

thion, and Sevin to A. domesticus in order to establish the sublethal 

dosages to be used in the sound analysis experiments. To do this, 

preliminary experiments were performed over a wide range of con- 

centrations. Once the general range of toxicity was established, 

several replicates were tested at various concentrations within that 

range. For example, six replicates of 10 male crickets were given 

concentrations of Parathion varying from 0.026 micrograms/gram 

to O. 933 micrograms/gram. Lethality varied from 50% at 0. 026 

micrograms /gram to 100% at 0. 067 micrograms /gram. To estab- 

lish the LD50 curve, five replicates of 10 male crickets were treated 

with concentrations of Parathion varying from 0. 0067 micrograms / 

gram to 0. 067 micrograms /gram (See Appendix I and Figure 5). 

This same procedure was carried out with each toxicant. In all 

cases, there was an equal number of controls. The control crickets 

received exactly the same treatment as the crickets receiving the 

toxicant, except for the pesticide. If the pesticide was administered 

in ethanol and sugar water, then the controls would receive the same 

amount of ethanol and sugar water without the pesticide. 

The male crickets were selected from the general population 



Figure 5. Log- dosage probit curves for 
Dieldrin, Parathion, and Sevin. 
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of crickets before their last molt and used in the experiments four 

weeks after their last molt. Four weeks after the last molt was 

selected as the best time for testing since it is usually that long 

before they will begin to sing regularly. In this way age differences 

could be largely eliminated as a variable entering into the experi- 

ments. 

The pesticides were administered in oral dosages by means of 

a micrometer syringe. Parathion was administered in solution with 

ethanol and sugar water. Dieldrin and Sevin were administered in 

solution with acetone and sugar water. The crickets could be forced 

to drink from 5 to 10 microliters of solution and would drink the 

ethanol -sugar solution and the acetone -sugar solution equally well 

in these small amounts. By holding the cricket by the metathoracic 

legs and wiping the "spittal" from the mouth parts before administra- 

tion of the pesticide, a minimal amount of regurgitation occurred. 

In order to insure consistency of procedures, one microliter doses 

were used throughout the lethality and sound analysis experiments 

and the concentrations were varied where necessary. The crickets 

were starved 24 hours prior to administration of the pesticides, 

which served to bring them as close as possible to the same phy- 

siological condition, and which also helped to minimize the amount 

of regurgitation. After the 24 hour starvation period, the crickets 

would take the one microliter doses more readily. Administration 
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of the pesticides was followed by supplying an abundance of food and 

water. 

The sublethal dosage used in the sound analysis experiments 

for each pesticide was such that it was equal to an LD10 on the log 

dosage - probit curves (Figure 5). This was an arbitrarily chosen 

figure; if a cricket died during the recording time after treatment 

(24 hours), the data were discarded. The possibility of the cricket 

dying from higher susceptibility to the pesticide, from old age, or 

from disease was thus eliminated. It should be noted that none of the 

crickets used for recording died after the administration of a pesti- 

cide at this dosage level. 

The following dosages for the three pesticides were used in 

the sound analysis experiments: Dieldrin, 0. 066 micrograms /gram; 

Sevin, 0.333 micrograms /gram; and Parathion, 0. 100 micrograms/ 

gram. The same handling techniques were used in the sound analysis 

experiments as in the lethality experiments. 
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RESULTS AND DISCUSSION 

Toxicity of Dieldrin, Parathion, and Sevin 
to Acheta domesticus 

The results of the lethality experiments can be seen in Figure 

5 and Appendix I. A. domesticus is most susceptible to Dieldrin, 

followed by Parathion and Sevin. Muscular contractions, twitching, 

and spastic movements were typical symptoms of poisoning with all 

three pesticides. With Dieldrin and Parathion, there was very little 

recovery from the symptoms once the toxicant began to have affect. 

In the case of Sevin, however, uncontrolled muscular spasms set in 

within five minutes of treatment, even with minute doses, but there 

was a very high recovery incidence (90 to 100 %). Mortality ranged 

from 10% with administration of 0.066 micrograms /gram of Dieldrin 

to 98% with administration of 0.466 micrograms /gram. With Para- 

thion, mortality ranged from 10% at 0. 100 micrograms /gram to 96% 

at 0. 663 micrograms /gram. Mortality with administration of Sevin 

varied from 10% at 0. 330 micrograms /gram to 88% at 6. 000 micro- 

grams/gram (Figure 5). 

The Acoustical and Sexual Behavior of Untreated Crickets 

It is generally agreed in the literature that the male of A. 

domesticus has four distinguishable types of song (Figure 6): calling, 



Figure 6. Typical songs of Acheta domesticus L. 
showing calling, pre- courtship, court- 
ship, and threat songs. 
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aggression, pre- courtship, and courtship. There is little agreement 

as to the physical characteristics of these songs, however. Haskell 

(1953) reports that the "normal" or calling song of this species con- 

sists of an irregular series of chirps which may be comprised of 

from one to twelve pulses of sound. He reports that the pulses are 

made at a regular frequency of about 20 cycles per second (cps). 1 

This, as previously mentioned, is considered by most workers to be 

the most stable taxonomic character of the song. Haskell further 

states that these pulses consist of a number of sound waves of a com- 

plex nature with an average frequency of 3, 500 cycles per second, 

which can vary with different males of the species over a range of 

about 500 cycles on either side of the mean. 

The other song which Haskell reports for this species is the 

courtship song which sounds like a low trill made while the male 

flattens his body against the ground and rocks from side to side on 

his legs, with antennae waving in front. He reports this song to con- 

sist of a fundamental frequency of about 2, 000 cycles per second with 

a variation of 300 cycles on either side of the mean. 

Ewing and Hoyle (1965) report the calling song of A. domesticus 

to consist of "... an irregular, relatively high- frequency oscillation 

1 Most authors refer to the repetition of pulses in terms of "pulse 
rate" rather than cycles per second which could be confused with 
frequency denotation. In this paper, this aspect of the song will 
be referred to as pulses per second (p /s). 
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in the region of 7000 to 8000 cycles per second, which varies in 

amplitude either regularly or irregularly. " They also state that 

high -speed recording of a large number of pulses revealed that 

variation in basic frequency were rare. No information on the fre- 

quency of the courtship song is offered by these authors, but data 

on the pulse rate indicate a variation of 44.2 msec from the first to 

the second pulse, to 55.3 msec from the second to the third pulse 

in the courtship song, and a variation of 48.5 msec from the first to 

the second pulse, to 59.0 msec from the second to the third pulse 

in the calling song. These are average values, however, and offer 

no indication of the variability present in pulse rate of the song. With 

such disagreement on the physical characteristics of the songs of 

this species, it was considered essential to analyze its acoustical 

behavior. 

The fundamental frequency of the calling song of untreated 

crickets was found to be an average of 4258 cycles per second with 

a variation of 200 cycles on either side of the mean. It is made up 

of 2 or 3 pulse chirps varying in frequency and amplitude. Both 

chirp rate and pulse rate were found to vary greatly within the song 

structure of a single specimen as well as varying from one individual 

to the next. The chirp rate (chp /sec) varied from 0.43 chp /sec to 

2. 37 chp /sec, and the pulse rate (p/s) varied from 16. 60 p/s to 

33.20 p/s. This is considerable variation from the relatively 
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constant 20 p/s reported by Haskell. 

The courtship song of A. domesticus consists of a long series 

of low amplitude chirps emitted quite rapidly so as to produce the 

effect of a trill. It is composed of from two to twenty pulses inter- 

rupted occasionally by a high - amplitude, high- frequency chirp. The 

fundamental frequency of the low- amplitude chirps is approximately 

2000 cycles per second, varying about 600 cycles on either side of 

the mean. The fundamental frequency of the high - amplitude, high - 

frequency chirps of this song is approximately 4900 cycles per second, 

varying about 1000 cycles on either side of the mean. 

Two distinguishable phases of this song are generally recog- 

nized. The first phase is called the pre- courtship phase and is 

characterized by the low- amplitude chirps being elicited irregularly 

within the calling song. If one observes the behavior of a mating pair 

of crickets, he can see that this song usually occurs when the male 

has been calling for some time and the female has been attracted to 

a position sufficiently close for chemical, tactile, or visual commu- 

nication. After the female has made contact with the male, the second 

phase of the courtship song is begun. This phase is referred to as 

the courtship phase and is accompanied by a circling behavior on the 

part of both male and female. As they circle, the head and prothorax 

of the male are directed downwards with the antennae stretched out and 

waving in front. In this way the male and female actually come into 
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antennal contact with one another. The male's abdomen is protracted 

to such an extent that it nearly touches the ground and he rocks gently 

from side to side on his legs. It is at this point in the courtship be- 

havior that the true courtship song is displayed, in which the low - 

amplitude trill is occasionally interrupted by the high -amplitude, 

high- frequency chirps. In some courtship songs of this species, the 

song consists entirely of the low- amplitude trill. This is probably 

an advanced phase of this song performed just before copulation. It 

does not seem to be an essential part of the sexual behavior neces- 

sary to bring about copulation, however. The complete copulatory 

behavior, as described by Khalifa (1950) could be accomplished 

within two minutes. The steps in the process as described by 

Khalifa are: spermatophore production; mating display; delivery 

of spermatophore; and watching. This was brought about by placing 

a virgin female in an adjacent chamber to a male which had been 

singing periodically for 8 to 12 hours. After allowing the male to 

call the female briefly, without allowing the courtship or pre - 

courtship song to begin, the female was quickly transferred to the 

chamber of the male. Often the male would elicit only a short phrase 

of the pre- courtship song before the female would mount and accept 

the spermatophore. 

Aggression songs were not analyzed for chirp rate, pulse rate, 

or frequency. As noted by Ewing and Hoyle (1965), this is a sound 
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produced by a male in the presence of another male. It is considered 

the means by which territoriality is established and consists of short 

trills (chirps consisting of four or more pulses for this species), 

usually elicited when some phase of the courtship song is interrupted 

by another sexually mature male. It has been found that a song simi- 

lar in pattern can be produced in the presence of an unresponsive 

female. This was accomplished by placing a female which had been 

starved for 24 hours in with a male which had been calling period- 

ically for 8 to 12 hours and whose chamber was furnished with an 

abundance of food and water. The female began feeding and drinking 

immediately and ignored the stridulations of the male. After the 

male had begun the courtship song, he would interrupt his song oc- 

casionally with a "threat" (Figure 6), Upon satisfaction of her need 

for food and water, the female became responsive to the stridula- 

tions of the male and the normal sexual behavior ensued. 

The Effect of Dieldrin on the Calling Song 
of Acheta domesticus 

Several calling songs produced after treatment of a cricket 

with 0.066 micrograms /gram of Dieldrin were analyzed 

for changes in the chirp rate, pulse rate, and frequency (Appendix 

II). Because of the tremendous variation in the patterns of songs 

for a single individual ,analysis of variance ( "students" t -test) 
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was determined on individual crickets by comparing their songs 

before administration of the pesticides with the same types of songs 

after treatment. Oscillograms from two specimens treated with 

Dieldrin are shown in Figures 7 and 8 (DI and DII). The probability 

values obtained from these data are summarized in Table I. It is 

obvious there is a great increase in the chirp rate and pulse rate of 

the calling songs of these crickets after the administration of Dieldrin, 

a conclusion substantiated by statistical analysis. 

Data in Table I indicate a very highly significant rise in both 

chirp rate and pulse rate of the calling song after treatment with 

Dieldrin. The first song to be produced after the administration of 

Dieldrin did not occur until three hours after treatment. Effects of 

handling do not normally cause inhibition of singing for as prolonged 

a period as this. With crickets which were fed sugar water or pure 

acetone, there was no detectable change in singing, and singing oc- 

curred within minutes after handling. Therefore, there may be some 

immediate inhibitory effect of the pesticide on the singing behavior 

of this species. Once singing ensues, there is an increase in the 

chirp rate, the pulse rate, and the fundamental frequency. The 

average chirp rates and pulse rates of the calling song three hour s 

after the administration of Dieldrin show an increase of almost double 

the rate of the same song before treatment. The calling song six 

hours after treatment shows a greater increase in chirp rate but 
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Table I. Changes in the chirp rate and pulse rate due to Dieldrin. 

Time after 
treatment 

Pulse rate 
ave. p/s Range 

Chirp rate 
ave. chp /s Range 

DI 

0 22.59 17. 10 to 1. 18 .72 to 
33.20 2.19 

3 hrs. 42.59 27. 72 to 2.55 . 78 to 
83.00 4.07 

P= 0.0002 0.0002 

6 hrs. 43.95 22. 08 to 3. 69 2. 13 to 
83. 00 7.55 

P= 0. 0002 0. 0002 

9 hrs. 27.90 22.08 to 1.56 . 32 to 
41.50 4.20 

P= 0.005 0.0002 

DII 

0 22. 16 17. 50 to 1.07 . 55 to 
30.00 2.37 

3 hrs. 39.29 25.95 to 3. 68 . 63 to 
55. 40 7.90 

P= 0.0002 0.0002 

6 hrs. 38.78 22.92 to 5.06 2.97 to 
55. 42 8. 31 

P= 0.0002 0.0002 

9 hrs. 



Figure 7. Calling songs of DI before and after 
treatment with Dieldrin. A) before 
treatment; B) three hours after 
treatment; C) and D) six hours after 
treatment; and E) nine hours after 
treatment. 
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Figure 8. Calling songs of DII before and after 
treatment with Dieldrin. A) before 
treatment; B) and C) three hours after 
treatment; D) and E) six hours after 
treatment. 
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about the same degree of increase in the pulse rate. Nine hours 

after treatment with Dieldrin, the calling song of specimen DI has 

nearly returned to its "pre- treated" chirp rate (1.56 as compared 

to 1.18 chp /sec. ) and to its "pre- treated" pulse rate (27.90 as com- 

pared to 22. 59 p /sec. ), although the range of the pulse rate and chirp 

rate remain much wider than the normal range. Even the calling 

songs nine hours after treatment show a significant difference from 

the songs before treatment. Specimen DII ceased singing six hours 

after treatment. 

The Effect of Sevin on the Calling Song 
of Acheta domesticus 

The effect of Sevin on the calling song was similar to that of 

Dieldrin. Analysis of several songs before and after treatment 

showed a significant increase in the chirp rate and pulse rate of the 

calling song (Figure 9 and 10). Crickets treated with 0. 333 micro- 

grams/gram of Sevin exhibited severe muscle spasms and twitching 

within five minutes of treatment. The symptoms would cease after 

three hours, but singing did not begin in any specimen until six hours 

after administration of the pesticide. One specimen (SI) showed a 

significant increase in the chirp rate and pulse rate six hours after 

treatment, but nine hours after treatment the chirp rate and pulse 

rate were not significantly different from the normal song (Table II). 



Figure 9. Calling songs of SI before and 
after treatment with Sevin. A) 
before treatment; B) six hours 
after treatment; and C) nine 
hours after treatment. 
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Figure 10. Calling songs of SII before and 
after treatment with Sevin. A) 
before treatment; B) six hours 
after treatment; and C) nine hours 
after treatment. 
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Table II. Changes in the chirp rate and pulse rate due to Sevin. 

Time after 
treatment 

Pulse rate 
ave. p/ s Range 

Chirp rate 
ave. chip./ s _Range 

SI 

0 22.00 16.90 to 1.02 .51 to 
30.20 2.20 

6 hrs. 49.40 22.60 to 2.33 .70 to 
83.00 3.29 

p= 0.0002 0.0002 

9 hrs. 30.79 19.30 to 1.95 1.08 to 
41.50 4. 61 

P= 0.52 0.34 

SII 

0 20.70 16.60 to .71 .43 to 
27.61 1.01 

6 hrs. 30.96 17.50 to 2.64 . 79 to 
66.49 6. 92 

P= 0.0002 0. 0002 

9 hrs. 34.16 18.45 to 1.86 .76 to 
42.50 4.15 

P= 0.0002 0.0002 
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In another specimen (SII), there was a significant increase in the 

chirp rate, and pulse rate of both the six hour and nine hour songs. 

In both cases, singing ceased after the nine hour period. 

The Effect of Parathion on the Calling Song 
of Acheta domesticus 

Parathion seems to have an entirely different effect on the 

calling song of A. domesticus than Dieldrin and Sevin. In the Dieldrin 

and Sevin experiments, there is a retention of the basic pattern of the 

song, i. e. , there remains the basic pattern of two and three pulse 

chirps, with occasional chirps containing up to seven pulses. In the 

Parathion treated crickets, there is a breakdown of the pattern of 

two and three pulse chirps. Figure 11 illustrates a typical calling 

song three hours after treatment with Parathion. There are low 

amplitude chirps of long duration consisting of a single pulse, with 

an occasional 2, 3, or 4 pulse chirp more closely resembling that 

of the normal song. Six hours after treatment, the song began to 

return to normal, although still containing occasional four pulse 

chirps. Nine hours after treatment (Figure 12B), the calling song 

had almost returned to the normal pattern of two and three pulse 

chirps. There was an increase in amplitude of this song over the 

others, however. 



Figure 11. Calling song of A. domesticus 
before and after treatment with 
Parathion. A) before treatment; 
and B) three hours after treat- 
ment. Note: arrows and slanted 
cut of oscillograms indicate con- 
tinuous sequence. 
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Figure 12. Calling song after treatment 
with Parathion. A) six hours 
after treatment, and B) nine 
hours after treatment. Note: 
arrows and slanted cut of 
oscillograms indicates con- 
tinuous sequence. 
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The Effect of Parathion on the Courtship Song 

Several experiments with Parathion were performed to deter- 

mine the possible effect this pesticide would have on the courtship 

song. The effect on the pattern of the courtship song by Parathion 

was nearly as pronounced as the effect on the calling song. Figure 

13 illustrates a long sequence of the normal courtship song. As 

noted previously, this song consists of low- amplitude trills inter- 

rupted occasionally by high - amplitude, high- frequency chirps. Three 

hours after the administration of Parathion, this pattern changes to 

a series of two -pulse chirps of relatively high amplitude, interrupted 

occasionally by three -pulse chirps of slightly higher amplitude. In 

the sequence depicted in Figure 14, there is a series of apparently 

low frequency sounds (see arrow) which could be the result of a 

quick, continuous scrubbing of the wings. This may be an attempt 

to elicit a threat similar to that obtained with the unresponsive female 

(see section dealing with aggression sounds). 

Sounds of this nature can be seen in courtship sequences re- 

corded six hours after treatment (Figures 15 and 16). Figures 15 

and 16 show the same pattern mentioned for the three hour sequence. 

In other words, the amplitude pattern is present, but the very low - 

amplitude trill is missing. In the nine hour sequence the same 

pattern persists (Figure 17), but has practically disappeared at 



Figure 13. Continuous sequence of chirps 
in the normal courtship song 
of A. domesticus. 
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Figure 14. Continuous sequence of chirps 
in courtship song three hours 
after treatment with Parathion. 
Note the low frequency scrub- 
bing noise indicated by the arrow. 
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Figure 15. Continuous sequence of chirps 
in courtship song six hours 
after treatment with Parathion. 
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Figure 16. Continuous sequence of chirps 
in courtship song six hours 
after treatment with Parathion. 
Note the low frequency scrubbing 
noise indicated by the arrow. 
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Figure 17. Courtship songs of A. domesticus 
nine and twelve hours after treat- 
ment with Parathion. A) nine hours 
after treatment, and B) twelve hours 
after treatment. 
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twelve hours (Figure 17B). It is probable the sequence of chirps in 

Figure 17 represents the calling song, which it more closely re- 

sembles. It should be noted that this entire series of oscillograms 

was recorded from the songs of the same cricket. Twelve hours 

after treatment the cricket probably was beginning to fatigue. 

Changes in the Sexual Behavior Due to Parathion 

Certain consistent changes in the sexual behavior of A. domes - 

ticus were noted in the Parathion treated crickets. The males and 

females were separated before the last molt and the time of maturity 

noted. In this way, virgin females were available and were found 

to be readily responsive to males four weeks after the last molt. 

When a mature male and female were placed together in an observa- 

tion chamber, copulation could be accomplished in a period of from 

two to 30 minutes. In several of the males treated with Parathion, 

this was not found to be the case. For instance, in the cricket from 

which the oscillograms in Figures 12 through 17 were obtained, 

copulation was not completed. The male performed the normal 

sequence of premating activities and produced a spermatophore, but 

the female remained unresponsive to his stridulations and refused 

to mount and accept the spermatophore. This particular pair was 

observed for a period of six hours. During one period, the male 

sang continuously for two hours with the spermatophore projected 



66 

into view, without ever once getting the female to mount. The female 

would approach the male as if attracted to him by the song, but then 

turn away. At times the male would charge the female as if attempt- 

ing to "threat" or fight, then continue the courtship behavior. 

Two possible explanations exist for the inability to complete 

copulation: 1) the male was unable to assume the proper position 

for the female to mount due to a) cholinesterase inhibition at the 

myoneural junctions, or b) interference of nerve traffic between the 

mesothoracic ganglion and the neurons which innervate the genitalia; 

or 2) some essential part of the courtship song was missing. 

Failure of the male to assume the proper copulatory position 

could be caused by cholinesterase inhibition at the myoneural junc- 

tions. This possibility is supported by the persistence of the basic 

amplitude pattern of the courtship song after treatment with Para- 

thion, indicating the message for the kind of song was being transmitted 

from the central nervous system and was being synchronized by the 

second thoracic ganglion. In effect the cricket's nervous system 

was functioning but its muscular system was unable to complete the 

transaction. Similar results have been observed in the honey bee 

where it performs a waggle dance to inform its fellow workers of 

distant food sources. After honey bees have been given food con- 

taining Parathion, they are unable to perform the correct angle of 

dance, even though they are able to relocate the food source (Stephen 

. 
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and Schricker, in lit. ). 

Evidence also exists that nerve impulse transmission is in- 

hibited between the mesothoracic ganglion and the nerve cells which 

innervate the genitalia. Huber (1962) found that separation of the 

second thoracic ganglion from the last abdominal ganglion, or rever- 

ence of the nerves which innervate the genitalia, causes cessation of 

the calling song and courtship song for a period of two to three weeks 

following such an operation. When the cricket was placed in the 

presence of a female, it was more aggressive and exhibited both 

copulatory and post - copulatory behavior patterns. Calling and 

courtship songs reappeared after two to three weeks, but the cricket 

was unable to transfer a spermatophore. With Parathion treated 

crickets, there were some signs of conflict in copulatory and post - 

copulatory behavior. The charging actions of the male were similar . . 

to those elicited during the "watching" behavior after copulation is 

completed in normal males (Khalifa, 1950). Females have a tendency 

to eat their spermatophores soon after copulation, and the males 

will "watch" the female closely and jerk the body forward and backward 

without moving the legs. Parathion treated males displayed this 

action occasionally while eliciting the courtship song. 

The fact that the male is able to elicit a song, even though 

abnormal, indicates incomplete nerve impulse blockage. There is 

probably a combination of inhibitory effects in myoneural and 

. 
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synaptic junctions. 

There is some disagreement as to the necessity of the courtship 

song in the completion of the copulation, but if this song is essential, 

then some essential aspect of the song could be missing. The most 

obvious difference between the courtship song after treatment and 

the normal courtship song is the pattern of low- amplitude trill inter- 

rupted by high- amplitude, high- frequency chirps. A similar change 

in amplitudes of the song has been noted, but the low- amplitude trill, 

which could be essential, is missing. Since the two -pulse chirps 

emitted in this song are similar to the calling song, this could ac- 

count for the initial attraction of the female to the male. The rhythm 

pattern of the calling song is considered to be most responsible for 

bringing together mature males and females. It is possible that 

the rhythm pattern of the courtship song is responsible for comple- 

tion of the act of copulation. As mentioned above, Ghouri and McFar- 

lane (1957) found that females of this species would copulate with 

de- winged males, which tends to give greater weight to the first 

possibility, that of interference with a neuronal mechanism. 

Reactions of Females to Recorded Songs 

The recorded calling songs of the specimens before and after 

treatment were played to lone females in the arena (Figure 4). The 

purpose of this experiment was to determine if the female would 
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respond in a positive way by going toward the speaker, and to deter- 

mine if the female would respond in a different way to songs produced 

after the male had been treated with a pesticide. 

Females in these experiments began by circling the arena after 

the song began playing. They usually stopped when adjacent to the 

speaker. If the recording were stopped, the female would continue 

around the arena. Sometimes the female would return to the speaker 

if the song were continued again. Whether the song was one recorded 

before or after treatment with a pesticide made no distinguishable 

difference in the female's reactions. 

Dieldrin and Sevin have the effect of increasing the chirp rate 

and pulse rate of the calling song. There is little reason why this 

song would not be attractive to a female since the basic rhythm 

pattern persists. Since there is great variation in the chirp rates 

and pulse rates of songs from one individual to the next, the female 

must be responsive to a wide range of rates. The chirp rate and 

pulse rate of the calling song also increases with temperature, and 

the songs produced after treatment with Dieldrin or Sevin would 

probably be indistinguishable to the female from those produced at 

higher temperatures by untreated males. 

Parathion has the effect of distorting the rhythm pattern of 

the calling song in the early periods after administration. It is 

unlikely that this song could be attractive to a female if rhythm 
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pattern is indeed the most important "attractive" element of the song. 

Since the female displayed the same degree of attraction to the songs 

after treatment with Parathion as to the normal calling song, it can 

only be surmised that the experimental method is in error or that 

rhythm pattern is not as reliable a taxonomic character as previously 

believed. The possibility exists that the room in which the record- 

ings were played had so much echo that the female was not truely 

able to orient to the song. Haskell (1953) described the attraction 

of females to recorded songs as short burst of locomotor response 

carrying them distances of up to eighteen inches from their starting 

point. The circling of the arena by females in these experiments was 

not in short burst of locomotor response directed toward the speaker, 

but may have been efforts to find escape routes. 

Future experiments of this nature should be carried out in a 

room especially constructed to eliminate echo. Furthermore, a 

more directional speaker could be used which would give a more 

specific orientation point. 

Frequency Analysis of Songs 

Frequency analysis of several chirps of the calling, pre - 

courtship, and courtship songs was made with the Fairchild 751 -A 

camera. The normal frequency curves are shown in Figure 18, and 

frequency curves of the calling songs of crickets after treatment 



Figure 18. Frequency curves of pulse- trains 
from various songs of A. domesticus 
before treatment with pesticides. A) 
single pulse of chirp from the calling 
song; B) high frequency pulse of chirp 
from the pre- courtship song; C) low 
frequency pulse of chirp from the pre - 
courtship song; and D) two low fre- 
quency pulses from trill of the court- 
ship song. Note: time marker at 
top from 60 cps current. 
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with Dieldrin, Parathion, and Sevin are shown in Figure 19. Al- 

though insufficient data for statistical analysis was available, there 

appeared to be a general increase in the range of frequencies of 

pulses of the songs emitted after treatment with the pesticides. 

Songs elicited after the administration of Dieldrin and Sevin show 

an increase in the fundamental frequency (4723 cps and 4816 cps 

respectively). The range in the frequency of the songs of Dieldrin 

treated crickets varied from 4499 cps to 4970 cps, whereas the 

range in frequencies of the songs of Sevin treated crickets varied 

from 3841 cps to 5500 cps. 

Parathion treated crickets show very little increase in the 

fundamental frequency (4328 cps) but a greater increase in the range 

of the frequencies of the pulses (2362 cps to 5300 cps). 

The average frequency of the calling song before treatment 

was 4258 cps with a range of 4170 to 4420 cps. Thus in all treat- 

ments with pesticides, the trend was towards a greater range in 

frequency and an increase in the fundamental frequency. The fre- 

quency is primarily a function of the angle at which the wing is being 

held during the time the striker on the edge of the left forewing 

scrapes the file on the underside of the right tegmen. Ewing and 

Hoyle (1965) have found that changes in the mean basic frequency 

would be associated with differences in the velocity of the wing 

stroke. This in combination with the angle of the wings could 



Figure 19. Frequency curves of pulse- trains 
from calling songs of A. domesticus 
after treatment with pesticides. A) 
two pulses of song produced after 
treatment with Dieldrin; B) two 
pulses of song produced after treat- 
ment with Sevin; and C) a single 
pulse of song produced after treat- 
ment with Parathion. (Time marker 
equals 60 cps). 
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account for changes in both the increased range of frequencies and 

the increase in fundamental frequency of treated crickets. It is 

possible that the cricket is unable to maintain either a constant pulse 

rate (velocity of wing stroke) or a constant wing angle after treatment 

with a pesticide. 

Neuronal Control Mechanisms of Sound Production 

In a study of this nature, it is tempting to speculate on the 

possible neuronal sites affected as evidenced by the changes in be- 

havior obtained in a treated specimen. To do this one must know the 

center of control for the behavior pattern being studied. In crickets 

the brain and mesothoracic ganglion are the principal parts of the 

central nervous system which innervate singing (Huber, 1962). The 

mushroom bodies are thought to play an important role in the initia- 

tion and continuation of singing and the determination of which of 

several songs will be sung. On the other hand, the neurons in the 

mesothoracic ganglion are thought to be responsible for the distribu- 

tion of excitation to the various muscles. These neurons are re- 

sponsible for the synchronization of the activity in the segmental 

halves and are involved in the formation of the final pattern of the 

song. 

Different sites appear to be affected by Dieldrin and Sevin 

than those affected by Parathion. Where the final pattern of the song 
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is affected, as it is in the calling song when the cricket is treated 

with Parathion, the neuronal control mechanism which is affected 

is probably the neurons in the mesothoracic ganglion and /or the 

mushroom bodies in the protocerebrum. Since the second thoracic 

ganglion synchronizes segmental halves and is involved in the forma- 

tion of the final song pattern, it is impossible at this point to say 

where the control mechanism is being affected. The changes in the 

courtship behavior could indicate interference of nerve impulse 

traffic between the second thoracic ganglion and the abdominal 

ganglion (or the nerves which innervate the genitalia) or it could 

indicate interference at the myoneural junctions. 

When the basic rhythm pattern of the song persists, as it does 

when the cricket is treated with Dieldrin or Sevin, the neuronal con- 

trol mechanism affected is probably the brain or the myoneural 

junctions. This, as mentioned above, could account for the cricket's 

inability to maintain a constant wing angle or wing stroke rate. How 

these control sites are affected by various toxic materials can only 

be determined by knowing the exact metabolic transformations which 

the pesticides undergo, how nervous transmission takes place in 

insects, i. e. , the chemical substances involved in nerve impulse 

transmission, and how nervous excitation is transformed into sound 

production. 

- 
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SUMMARY AND CONCLUSIONS 

Physiological effects of pesticides on instinctive behavior can 

be observed in an analysis of the acoustical behavior of Acheta domes - 

ticus L. For this purpose, analytical equipment has been evaluated. 

An Ampex PR -10 tape recorder, a dynamic F -91 Sony microphone, 

a Tektronix 547 oscilloscope with a dual beam type 1Al Plug -in Unit, 

and a Fairchild 751 -A oscilloscope camera were among the equipment 

evaluated and found to be satisfactory. In addition, certain comple- 

mentary devices, such as the observation arena, directional speaker 

and amplifier, and recording chamber, were found to be very useful 

in studying the behavior of these insects. Future studies, however, 

will require an echo -free room, a better quality microphone, and 

a more directional speaker. 

The acoustical and sexual behavior of Acheta domesticus L. 

has been studied. It has a song repertoire consisting of calling, 

pre- courtship, courtship, and aggressive sounds. In addition there 

is a "threat" sound elicited when a male is courting an unresponsive 

female. This sound may be the same as those termed aggressive, 

which are elicited when a courting male is interrupted by another 

male. The sexual behavior is correlated with the acoustical behavior 

in many respects. The spermatophore is produced prior to or during 

the eliciting of the calling song. The spermatophore is then ejected 
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and the male maneuvers the female into proper position for its 

attachment. During this time the male may elicit either the pre - 

courtship or courtship songs. Once the spermatophore has been 

accepted, the male will display a watching behavior which is believed 

to have originated as a mechanism for distracting the female from 

detaching the spermatophore before it has emptied. By understanding 

the acoustical and sexual behavior displayed by these crickets, it 

was possible to determine the kinds of behavior being displayed after 

treatment with pesticides, and the changes in the normal behavior 

being affected by the pesticide. 

The toxicity of Dieldrin, Parathion, and Sevin was determined 

and a dosage corresponding to an LD10 of each pesticide was ad- 

ministered to learn its effect on the acoustical behavior. Analysis 

of the data from such experiments shows an increase in pulse rate, 

chirp rate, the number of pulses per chirp, and the frequency range 

in the calling song of A. domesticus when Dieldrin and Sevin were 

administered. This effect may be due to the inability of the cricket 

to maintain a constant angle of the wings and a constant wing stroke 

rate. The neuronal mechanisms controlling this behavior is probably 

an integration of central and peripheral nervous systems. 

Treatment of crickets with Parathion has the affect of disrupt- 

ing the rhythm pattern of the calling and courtship songs, and in- 

creasing the range of frequencies elicited in the chirps of the calling 
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song. In addition, Parathion has the affect of inhibiting certain 

phases of the copulatory behavior. There appears to be a conflict 

of copulatory and post - copulatory behavior patterns. It is believed 

that this may be due to interference of nerve impulse traffic between 

the mesothoracic ganglion and the nerves which innervate the geni- 

talia. Male crickets treated with Parathion appear to be more 

aggressive, and are apparently unable to maneuver the female or 

themselves into position for spermatophore transfer. 

The neuronal mechanisms which control song production in 

crickets have been discussed in relation to the various effects of 

pesticides. Much of the discussion is speculative, however, and 

experiments of a neuro- physiological nature are pre- requisite to a 

complete understanding on the neuronal control mechanisms involved. 
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APPENDIX I 

TOXICITY OF DIELDRIN, PARATHION, AND SEVIN 
TO ACHETA DOMESTICUS MALES 

Toxicity of Parathion 

Micrograms of 
parathion /insect 

Number of 
crickets 

Number dead 
24 hrs. 

Percent 
mortality 

0.02 50 0 0 

C= Control 50 0 0 

0.04 50 10 20 
C 50 0 0 

0.06 50 20 40 
C 50 0 0 

0.08 50 25 50 
C 50 0 0 

0.10 50 32 64 
C 50 0 0 

0.12 50 38 76 
C 50 0 0 

0.14 50 41 82 
C 50 0 0 

0.16 50 45 90 
C 50 0 0 

0.18 50 46 92 
C 50 0 0 

0.20 50 47 94 
C 50 0 0 

0.22 50 48 96 
C 50 0 0 
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Toxicity of Dieldrin 

Micrograms of 
dieldrin /insect 

Number of 
crickets 

Number dead 
24 hrs. 

Percent 
mortality 

0.01 50 0 0 

C 50 0 0 

0.02 50 5 10 
C 50 0 0 

0.04 50 25 50 
C 50 0 0 

0.06 50 32 64 
C 50 0 0 

0.08 50 40 80 
C 50 0 0 

0.10 50 43 86 
C 50 0 0 

0.12 50 45 90 
C 50 0 0 

0.14 50 47 94 
C 50 0 0 

0.16 50 48 96 
C 50 0 0 

0.18 50 49 98 
C 50 0 0 

Toxicity of Sevin 

Micrograms of 
sevin /insect 

Number of 
crickets 

Number dead 
24 hrs. 

Percent 
mortality 

0.05 50 0 0 

C 50 0 0 

0.10 50 5 10 
C 50 0 0 

0.20 50 12 24 
C 50 0 0 

0.40 50 21 42 
C 50 0 0 

0.60 50 28 56 
C 50 0 0 

0.80 50 32 64 
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Toxicity of Sevin (continued) 

Micrograms of 
sevin /insect 

Number of 
crickets 

Number dead 
24 hrs. 

Percent 
mortality 

C 50 0 0 

1.00 50 38 76 
C 50 0 0 

1.20 50 40 80 
C 50 0 0 

1.40 50 42 84 
C 50 0 0 

1.60 50 43 86 
C 50 0 0 

1.80 50 44 88 
C 50 0 0 

2.00 50 45 90 
C 50 0 0 
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APPENDIX II 

THE EFFECT OF DIELDRIN AND SEVIN 
ON THE CALLING SONG OF ACHETA DOMESTICUS 

The Effect of Dieldrin on the Pulse Rate 

DI 

Before 

No. p. p/s 
3 hrs. 

No. p. 

after 

p/s 

6 hrs. after 

No. p. p/s 

9 hrs, after 

No. p. p/s 

3 19.26 4 27,72 3 33,20 3 26,23 

3 19.26 3 41.50 2 66.40 3 27.72 

3 19.26 3 45.82 3 41.50 4 23.74 

3 19.26 2 55.44 2 49.14 3 22.58 

3 20.75 3 36.69 4 34.86 3 24.90 

2 30.21 2 36.85 3 45.15 3 26.23 

3 22.58 3 41.50 3 41.50 3 23.74 

3 17.10 2 55.44 2 55.44 3 24.90 

2 33.20 2 36.85 3 41.50 3 26.89 

2 27.72 2 55.44 4 22.08 3 24.90 

2 27.72 2 55.44 3 41.50 3 24.90 
2 33.20 2 41.50 2 66.40 3 27.72 

2 30.21 2 47.48 3 49.80 4 28.88 

2 30.21 2 41.50 3 31.21 3 27.74 

2 27.72 2 41.50 2 83.00 3 26.23 

3 17.76 4 30.21 2 66.40 2 36.85 

3 18.43 2 55.44 3 49.80 2 41.50 

3 17.76 2 41.50 3 33.20 3 27.74 

3 17.76 2 66.40 3 41.50 3 27.74 

3 19.92 3 35.52 3 31.21 3 24.90 

3 17.76 3 41.50 2 55.44 2 33.20 

3 19.92 2 41.50 2 51.13 2 33.20 

3 18.43 2 47.48 3 38.35 4 22.91 

3 21.58 2 66.40 4 28.88 2 34.86 

3 22.58 2 83.00 4 30.21 4 36.85 

3 18.43 2 33.20 3 33.20 3 26.23 

3 21.58 2 41.50 3 45.15 3 24.90 

3 17.76 2 33.20 4 31.87 3 27.74 

3 22.58 3 31.04 2 55.44 3 27.74 

3 19.09 2 33.20 2 55.44 3 26.23 

3 19.92 2 41.50 2 66.40 3 27.74 
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The Effect of Dieldrin on the Pulse Rate 

DI (continued) 

Before 
No. p. p/s 

3 hrs. after 
No. p. p/s 

6 hrs. after 
No. p. p/s 

9 hrs. after 
No. p. p/s 

3 19.92 2 33.20 2 55.44 2 41.50 
3 17.76 3 33.20 2 36.85 4 22.08 
3 20.75 2 36.85 3 31.21 2 33.20 
3 19.92 3 29.22 3 33.20 2 27.74 
3 22.58 2 36.85 3 45.32 3 26.23 
3 22.58 2 36.85 3 33.20 5 29.55 
3 18.43 3 30.21 2 47.48 3 27.74 
3 21.58 3 41.50 2 47.48 4 22.08 
3 22.58 Ave. =42.59 3 45.32 3 23.74 
3 23.74 3 41.50 3 26.23 
3 22.08 3 27.72 3 24.90 
2 30.21 3 38.35 3 24.90 
2 30.21 3 31.21 3 29.38 
2 27.72 2 83.00 2 33.20 
2 30.21 3 41.50 5 23.07 
Ave. =22.59 Ave. =43.95 Ave. =27.90 

DII 

Before 
No. p p/s 

3 hrs. 
No. p. 

after 
p/s 

6 hrs. 
No. p. 

after 
p/s 

3 22.60 2 55.40 3 41.50 
2 27.60 2 41.50 3 38.39 
4 17.50 2 55.40 2 55.40 
3 22.60 2 41.50 3 33.21 
3 22.61 2 55.40 3 35.60 
3 22.19 2 41.50 4 26.80 
3 19.44 2 41.50 4 22.92 
3 21.66 2 41.50 2 41.50 
3 22.61 3 35.59 3 35.60 
3 22.61 2 33.20 2 55.40 
2 18.45 4 41.50 3 33.21 
3 22.60 2 41.50 3 31.10 
3 19.91 2 41.50 3 37.00 

. 
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The Effect of Dieldrin on the Pulse Rate 

DII (continued) 

Before 
No. p. p/s 

3 hrs. 
No. p 

after 
p/s 

6 hrs. after 
No. p. p/ s 

3 22.61 3 26.20 3 36.90 
2 30.00 7 36.29 2 47.49 
3 21.61 5 30.74 2 55.42 
3 22.60 10 25.95 3 38.30 
3 19.19 4 31.63 5 26.80 
Ave. =22.16 2 41.50 3 41.50 

3 41.50 2 41.50 
4 27.65 Ave. =38.78 
2 55.40 
5 30.06 
5 34.59 
5 30.06 
2 55.40 
3 41.50 
2 55.40 
4 36.90 
3 38.30 
5 29.60 
4 34.89 
3 29.30 
4 30.02 
4 33.19 
3 41.49 
Ave. =39.29 
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The Effect of Dieldrin on the Chirp Rate 

DI 

Before 
chirp's /sec 

3 hrs. after 
chirps /sec 

6 hrs. after 
chirps /sec 

9 hrs. after 
chirps /sec 

. 72 . 78 4.26 . 88 

. 73 . 83 3.32 2.02 
.75 1.27 3.39 . 98 
. 78 1.29 2.86 1.07 
. 79 1.53 2.86 . 81 
.79 1.58 3.36 .81 
. 83 1.84 5.19 . 75 
.83 1.86 2.44 .77 
. 83 1.90 2.80 1.11 

. 88 2.06 2.80 1.11 
. 89 2.09 3.08 1.52 
. 89 2.12 3.26 . 72 
.91 2.26 4.05 . 83 
.95 2.32 3.08 1.03 
.98 2.35 4.05 1.84 
.99 2.39 4.37 1.89 
.99 2.42 5.94 1.66 

1.01 2.57 3.32 1.64 
1.05 2.66 3.69 1.07 
1.07 2.66 4.16 1.18 
1.07 2.70 4.37 . 33 
1.10 2.74 3.26 .47 
1.11 2.74 3.26 . 51 
1.11 2.74 2.73 . 64 
1.14 2.83 2.77 1.04 
1.16 3.04 3.32 1.84 
1.18 3.28 3.20 1.04 
1.23 3.28 3.32 3.02 
1.27 3.32 3.34 . 92 
1.28 3.32 3.31 2.07 
1.29 3.32 3.69 2.76 
1.30 3.34 2.97 1.50 
1.30 3.41 4.05 1.84 
1.36 3.72 7.55 1.14 
1.39 3.72 4.26 1.84 
1.53 4.07 3.46 3.32 
1.59 4.07 3.46 2.80 
1.67 Ave. =2.55 4.37 2.10 
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The Effect of Dieldrin on the Chirp Rate 

DI (continued) 

Before 
chirps /sec 

3 hrs. after 6 hrs. after 
chirps /sec chirps /sec 

9 hrs. after 
chirps /sec 

1.67 
1.71 

3.32 
4.26 

2. 10 
3.74 

1.85 3. 32 1.98 
1.86 2. 13 4.20 
1.99 3.29 3.06 
2. 19 3. 61 3. 02 

Ave. =1. 18 Ave. =3.69 1.39 
1.58 
1.04 
1.19 

. 32 
Ave. =1.56 

DII 

Before 
chirps/sec 

3 hrs,. after 
chirps/ sec 

6 hrs. after 
chirps/sec 

1.38 4.74 4.15 
.83 7.54 5.74 

1.13 3.26 8.31 
.55 2.48 3.39 

1.28 4.49 4.26 
.92 4.15 2.97 

2.06 7.90 8.31 
. 77 5.93 7.55 
. 83 2.44 5.53 
.92 6.64 6.39 
. 62 3.86 3.39 
. 92 2.72 4.04 

1.11 . 63 3.02 
2.37 5.19 4.15 
1.38 6.64 7.90 

. 59 2.68 3.87 

. 



92 

The Effect of Dieldrin on the Chirp Rate 

DII (continued) 

Before 
chirps/sec 

3 hrs. after 
chirps/ sec 

6 hrs. after 
chirps/sec 

. 69 3.19 2.97 
. 98 1.85 2.34 

Ave. 1. 07 3.20 4.26 
2.77 8.74 
1.49 Ave. =5.06 
2. 77 
4. 15 
2. 82 
2.31 
2.44 

.92 
4. 15 
4. 15 
4.49 
4.37 
2.06 
5. 18 
2. 68 
3.32 
2. 79 

Ave. =3.68 
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The Effect of Sevin on the Pulse Rate 

SI 

Before 
No. p. p/s 

3 hrs. after 
No. p. p/s 

6 hrs. after 
No. p. Pis 

3 23.70 3 33.40 3 33.20 
3 18.50 2 62.33 5 27.70 
3 21.60 2 83.00 2 41.50 
3 23.70 3 38.30 4 26.59 
3 23.70 3 74.60 3 55.40 
3 17.80 4 74.60 3 31.40 
3 19.20 3 83.00 3 41.50 
4 17.50 3 74.60 2 19.30 
2 27.70 3 74.60 3 19.30 
4 17.50 4 74.60 2 23.70 
3 18.40 3 41.50 3 23.70 
5 16.90 2 83,00 3 26.20 
3 23.70 5 33.20 Ave. =30.79 
2 19.50 3 31.08 
4 18.40 2 30.02 
3 23.70 2 41.50 
2 30.20 3 31.40 
3 27.70 3 43.40 
3 22.60 3 41.50 
3 22.60 4 24.80 
4 22.60 4 24.80 
4 20.80 3 33.20 
3 22.60 2 55.40 
3 21.60 3 41.50 
2 30.20 6 22.60 
3 22.60 3 41.50 
3 24.90 2 83.00 
4 20.20 3 41.50 
Ave. =22.00 3 41.51 

5 24.20 
Ave. =49.40 

. 

, 

. 
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The Effect of Sevin on the Pulse Rate 

SII 

Before 
No. p. p/s 

3 hrs. 

No. p. 

after 

p/s 

6 hrs. 

No. p. 

after 

p/s 

2 27.61 2 25.52 2 33.20 

2 20.79 2 33.21 2 26.80 

2 18.45 2 33.21 2 36.90 

2 20.79 2 33.21 2 36.90 

2 19.51 2 41.50 3 23.70 

2 23.70 2 41.50 2 30.02 

2 20.78 2 41.50 2 41.50 

2 23.70 2 36.90 2 37.00 

2 18.45 2 66.49 2 41.50 

2 22.35 3 26.22 2 33.20 

2 26.59 2 24.80 2 37.00 

2 22.10 3 26.20 2 31.61 

2 22.10 2 24.80 2 41.50 

2 20.78 2 33.21 2 27.62 

2 18.45 2 33.20 2 33.20 

2 23.70 2 33.20 2 33.20 

2 23.70 2 26.22 2 33.20 

2 17.49 2 33.22 2 36.90 

2 22.91 2 33.20 2 33.20 

2 19.51 4 22.02 2 33.20 

2 17.49 2 33.22 2 36.90 

2 17.49 2 41.50 2 41.50 

2 18.45 2 36.90 2 33.20 

2 24.60 3 23.69 2 32.70 

3 17.80 3 27.60 2 36.90 

2 17.48 2 26.22 2 36.90 

2 20.79 2 26.22 2 33.20 

2 18.45 2 33.20 2 33.20 

2 22.10 2 33.20 2 27.62 

2 20.79 2 27.60 2 33.20 

3 16.60 4 28.90 2 42.40 

2 22.00 2 36.90 2 42.40 

2 22.00 3 27.61 2 36.90 

3 17.15 2 26.20 3 26.21 

2 22.55 2 26.20 2 36.90 
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The Effect of Sevin on the Pulse Rate 

SII (continued) 

Before 
No. p. p/s 

3 hrs. after 
No. p. p/s 

6 hrs. after 
No. p. p/s 

2 22.12 3 27.61 2 24.89 
2 22.12 4 24.69 2 36.90 
3 19.90 2 17.50 4 28.89 
2 22.00 3 31.10 2 41.50 
3 19.14 3 27.61 2 42.40 
2 22.10 3 18.41 2 41.50 
2 17.48 Ave. =30.96 2 36.90 
2 18.50 2 18.45 
3 16.60 2 33.20 
2 18.44 3 26.20 
2 18.44 3 26.20 
Ave. =20.70 Ave. =34. 16 
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The Effect of Sevin on the Chirp Rate 

SI 

Before 3 hrs. after 6 hrs. after 
chirps /sec chirps /sec chirps /sec 

1.38 1.33 2.37 
. 79 2.13 4.61 

2.08 1.28 1.51 
. 52 . 79 1.10 

1.18 2.08 1.38 
1.10 1.85 1.18 
1.28 1.50 2.08 

. 98 1.51 2.08 
1.28 2.08 1.08 
1.38 1.95 2.38 

. 83 2.38 1.66 
1.17 . 70 Ave. =1.95 

. 56 2.08 

. 55 3.29 
1.27 2.77 

. 93 2.37 

. 51 2.77 
2.20 2.72 

.77 4.15 

. 83 6.65 

.91 1.66 

. 62 2.22 

. 57 2.41 

. 92 2.72 

. 59 1.10 

.69 1.66 

. 97 2.86 
Ave.=1.02 1.58 

1.48 
5.93 

Ave. =2.33 
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The Effect of Sevin on the Chirp Rate 

SII 

Before 3 hrs. after 6 hrs. after 
chirps/sec chirps/sec chirps/sec 

. 76 1.81 2.24 
90 2.36 2.04 
72 1.51 2.18 
78 .79 2.56 
72 6.92 . 76 

1.01 3.19 1.85 
.99 2.03 1.85 

91 4.15 2.44 
.95 2.56 4.15 

71 3.61 1.54 
59 1.87 1.11 

.68 2.22 1.91 

.66 .98 2.05 

.92 2.31 .98 
79 2.82 1.54 
72 1.98 1.70 

.82 1.89 1.57 

.59 2.08 1.24 
72 4.15 1.68 

69 4.06 2.39 
81 3.32 1.87 

.69 3.32 2.03 

.69 5.72 2.25 

.90 2.08 2.31 
63 . 4.37 1.89 
76 1.38 1.81 

.50 1.07 1.52 
87 , 1.41 1.89 

.64 6.65 2.05 

.83 1.66 1.37 

.62 1.58 1.89 
72 2.34 1.83 
72 2.03 1.36 

.59 1.66 2.18 

.76 2.76 2.13 
43 1.81 1.85 

. 
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The Effect of Sevin on the Chirp Rate 

SII (continued) 

Before 
chirps/ sec 

3 hrs. after 
chirps/ sec 

6 hrs. after 
chirps /sec 

. 75 2.03 1.73 

.75 3.69 1.51 

.54 1.45 1.85 

. 80 2.34 1.54 

. 79 2.77 2.38 

. 57 2.41 1,81 

. 76 6.54 1.66 

. 73 3.61 1.85 

.54 2.44 1.38 

. 57 3.61 Ave. =1.86 
Ave. . 71 Ave. =2.64 



APPENDIX III 

FREQUENCIES OF PULSE- TRAINS BEFORE AND AFTER 
TREATMENT WITH PESTICIDES 

Ave. 

Freq. of Pulses 

from Normal 
Calling Song 

Freq. of Pulses Freq. of Pulses 
from Courtship from Pre- courtship 

Song Song 

Freq. of Pulses 
6 Hrs. After Treat- 

ment with 
Sevin 

Freq. of Pulses 
6 Hrs. After Treat- 

ment with 
Dieldrin 

Freq. of Pulses 
6 Hrs. After Treat- 

ment with 
Parathion 

4420 4597 4230 4640 4780 2362 
4170 4240 2150 5030 4660 4450 
4220 1931 2430 4960 4680 3770 
4190 4310 1830 5005 4740 4230 
4200 3800 1950 5005 4810 3900 
4350 2010 4210 4902 4970 4240 

= 4258 2240 4330 3820 4910 4240 
1935 Ave. = 3019 5100 4750 4199 
3120 4650 4730 4140 
1670 3900 4670 4000 
2049 5005 4680 4420 
1742 4304 4925 4510 
1920 4999 4760 4240 
1935 5008 4720 5300 
1962 4904 4600 5400 
4870 5005 4780 5220 
3680 5500 4740 3999 
1850 4850 4780 4650 
2099 5005 4720 4180 
4800 5200 4740 4370 
1976 5140 4699 4499 
1796 4808 4750 4250 
3870 4760 4725 4420 
5340 5040 4820 4400 
5990 4350 4710 4500 

. - 

- 



APPENDIX III (continued) 

Freq. of Pulses 
from Normal 
Calling Song 

Freq. of Pulses 
from Courtship 

Song 

Freq. of Pulses 
Freq. of Pulses 6 Hrs. After Treat - 

from Pre- courtship ment with 
Song Sevin 

Freq. of Pulses Freq. of Pulses 
6 Hrs. After Tre at-6 Hrs, After Treat- 

ment with ment with 
Dieldrin Parathion 

4730 
1915 
1825 
2010 
5000 
2739 

5030 
3 841 

4690 4400 
4620 4350 
4680 4830 
4720 4000 

Ave. = 4816 

4699 Ave. = 4328 
4710 

Ave. = 2936 4780 
4800 
4499 
4720 
4710 
4690 
4710 
4760 
4625 
4840 
4770 
4550 
4725 
4730 
4630 
4870 
4730 
4440 
4800 

Ave. = 4723 

0 ó 


