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ABSTRACT 

The phototactic responses of several species of 

triatomid bug have been investigated in the context of 

published information on the use of light traps as a 

means of collactin~ insects. A review of the literature 

indicates a considerable lack of suitable trapping 

methods for triatomids and so it is significant that 

these nocturnal insects are attracted to light. More 

specifically• all instars of the triatomi~ species 

studied here have manifested a distinct attraction to a 

comparatively new light source called betalight. 

Betalights consist essentially of sealed glass vessels 

filled with tritium. The contained tritium emits 

beta-particles which strike an internal coating of 

phosphor, this in turn producing a continuous subdued 

light. Betalight is a completely self-powered li g ht 

source and may provide a useful attractant for 

triatomids in the field. 

The laboratory investiga•.;ion presented here was 

therefore concerned with elucidating those factors, 

both physiological and environmental, likely to influence 

the relative attract i veness of a betalight source. 

Photoperiodic entrainment has significance in 

determining the timing of the triatomids' general 

locomotor activit7 and concomitantly, their dial pattern 

of phototactic behaviour. 

The spectral composition and brightness of the 

betalight may be important in so far as betalights 

in the hi~her microlambert range, emitting shorter 



wavelengths of radiation, elicit significantly greater 

responses. 

The bug's levels of metabolic reserves also appear 

to govern the pattern of phototactic behaviour. In this 

connection, an investigation of the physiological 

significance of ecdysis, post-emergence biology and 

nutritional history yielded particularly valuable 

findings. 

Of the environmental factors, ambient temperature 

has particular relevance. Considerably enhanced 

responses to betalight are elicited at more elevated 

temperatures. It is suggested that the level of 

response may be correlated with the bug's locomotor 

velocity, the latter bearing a linear relationship to 

environmental temperature. 



Acknowledgements 

My thanks are due to Professor D.S. Bertram of the 

London School of Hygiene and Tropical Medicine for his 

advice, supervision and continued interest in this 

investigation. 

I am also grateful to the technical staff in the 

Department of Entomology for assistance associated in 

the provision and feeding of bugs. 

I would also like to acknowledge Mr. C.J. Schofield, 

B.Sc., also of the London School of Hygiene and Tropical 

Medicine, who so kindly provided the actograph used in 

this investigation. 

Thanks are also due to Mr. M. Pozzati-Tiepolo who 

assisted in many ways with the general preparation of 

the thesis. 

Finally, I am especially pleased to acknowledge the 

fine scanning electron micrographs produced by 

Mrs. Mary Bancroft, B. Sc. of University College, 

London University . 

This research was carried out during the tenure of 

a Wellcome Trust Research Training Scholarship. 



CONTENTS 
Page 

INTRODUCTION 

1. General .................................... 13 

2. Pbototaxis . • . . • . . . . • • . . . . . . . . . . • • . . . . . . . . • . 16 

3. Possible mechanisms underlying the 

attraction of an insect to a light source 18 

4. Lig ht traps - General review of the 

literature••••••••••••••••••••••••••••••••• 23 

a) Introduction•••••••••••••••••••••••••••• 23 

b) The application of light traps•••••••••• 24 

c) Factors affecting the efficiency of a 

light trap•••••••••••••••••••••••••••••• 29 

1) Activity of the insect••••••••••••• 

ii) Density of insect population••••••• 38 

iii) Phototactic response•••••••••·••••• 39 

d) Light traps incorporating other 

attractants ••••••••••••••••••••••••••••• 39 

e) Disadvantage s encountered in light trap 

operations•••••••••••••••••••••••••••••• 40 

f) Advantages presented by light traps••••• 41 

5. Summary of literature on l ight traps, with 

p articular reference to tnsect orders caught 44 

6. Trapping of triatomid bugs••••••••••••••••• 49 

TECHNI-.lUES 

Laboratory culture of triatomid bu~s . ••••••• 

i) Rhodniue orolixue •••••••••••••••••••• 

ii ) Triatoma maculata •••••••••••••••••••• 

53 

53 

54 



iii) 

iv) 

v) 

Triatoma infestans .................. 
Page 

54 

Triatoma phyllosoma ••••••••••••••••• 54 

Panst~ongylus megistus •••••••••••••• 55 

2. Betalights •••••••••••••••••••••••••••••••• 56 ,. Experimental Apparatus .................... 60 

a) Polythene choice chamber•••••••••••• 60 

b) Glass choice cuamber •••••••••••••••• 64 

c) Photoperiodic entrainment chamber ••• 67 

d) Apparatus used to measure the diel 

pattern or activity of bugs 69 

e) Apparatus used to determine the speed 

of locomotion in triatomid bugs••••• 71 

f) Wavelength discrimination chamber ••• 72 

RESULTS 

l. Response of different species and different 

stages of triatomid bug to betaligbts of 

various brightnesses and various 

wavelengths . . • • • . . • . • . . . • . . . . . . . . • • . • . . . • . ?4 

a ) Introduction ........................ 74 

b) Experimental insectary .............. 77 

c) Experimental procedure .............. 7? 

d) Results ............................. 80 

2. Brightness as a factor determining the 

magnitude of response to a betaligbt source 99 

1) Introduction•••••••••••••••••••••••• 99 

ii ) The sensitivity of 1st instar nymphs 

of Rhodnius prolixus to green 

betalights of d ifferent brightnesses 100 



iii) 

iv) 

v) 

Triatoma infestans 

Page 

54 

Triatoma phyllosoma ••••••••••••••••• 54 

Panstron5ylus megistus •••••••••••••• 55 

2. Betalights •••••••••••••••••••••••••••••••• 56 

RESULTS 

Experimental Apparatus 60 

a) Polythene choice chamber•••••••••••• 60 

b) Glass choice chamber•••••••••••••••• 64 

c) Photoperiodic entrainment chamber••• 67 

d) Apparatus used to measure the diel 

pattern of activity of bugs ......... 
e) Apparatus used to determine the speed 

of locomotion in triatomid bugs 

69 

71 
f) Wavelength discri mination chamber••• 72 

1. Response of different species and different 

stages of triatomid bug to betalighto of 

various brightnesses and various 

wavelengths••••••••·•••••••••••••••••••••• ?4 

a ) Introduction ........................ 74 

b) Experimental insectary .............. '17 

c) Experimental procedure .............. 77 

d) Results ............................. 80 

2. Brightness as a factor determining the 

magnitud~ of response to a betalight source 99 

1) Introduction••••••••••·••••••••••••• 99 

ii ) The sensitivity of lat i nstar nymphs 

of Rhodnius prolixus to green 

betalights of different br ightnesses 100 



iii) The influence of the factor of brightness 

in the response of 3rd instar nymphs of 

Triatoma maculata to green betaligh t 

iv) The sensitivity of adult females of 

Triatoma infe s tans to green betalights of 

Page 

101 

different bright nesses•••••••••••••••••• 102 

3. The sensitivity of triatomid bugs to betalights 

of diffe rent colours•••••••••••••••••••••••••• 105 

i) Introduction·••••••••••••••••••••••••••• 

ii) The sensitivity of adult fema le Triatorna 

infestans to betalights of different 

105 

colours • . . • • . . . • . . . . . . . . . . . . • . . • . . . . • • . . 105 

iii) The sensitivity of adult female Triatoma 

maculata to red and green be talights 

4. Distribution studies and the p~enomenon of 

112 

thigmotax.is • • • • . • • . . . • • . . . . . . • • • • • . • • • • . . . • • • • 115 

5. Attraction to other light sources••••••••••••• 127 

i) Introduction ..........•..•...•..•....... 127 

ii) Attraction of adult fema le Rhodnius 

prolixus to a blue coloured 25 W lamp 127 

6 . Determination of the sense or gans involved in 

the respon s e to betalight ••••••••••••••••••••• 131 

1) Introduction .••••.....•............... •. 131 

ii) Experiments to determine if the antennae 

are involved in the res ponse to betal ight 131 

iii) To determine the sense organs involved in 

the response to ~reen b&tal ight, S10/G/20OO , 

in 5th instar nymphs of Rhodniu s nrol ixus 1 33 



iv) Location of sense organs involved in 

response to betalight, S1O/G/2000 in 

Page 

adult Rhodnius prolixus •••••••••••••• 137 

v) The role of the ocelli in the response 

to betalight ••••••••••••••••••••••••• 142 

vi) The photorece ptors of triatomid bugs 

vii) Comparing the response of adult males 

and adult females of Rhodnius prolixus 

144-

to green betalight ••••••••••••••••••• 149 

viii) Comparing the response of adult 

females and fifth instar nymphs of 

Rhodnius prolixus to betalight ••••••• 151 

7. Photoperiodic entrainment•• •••••••••••••••• 154 

i) The relationship between the diel 

rhythm of activity of a triatomid bug 

and its previous photoperiodic 

entrainment•••••••••••••••••••••••••• 154 

ii) The importance of photoperiodic 

entrai.nment in determining the onset 

and duration of the phototactic 

response in adult fe male Rhodnius 

prolixue -............................. 
iii) To determine whether the period during 

which a triatomid bug will show the 

maximum response to a betalight source 

corresponds to the onset and duration 

1 56 

of the greatest a ctivity••••••••••••• 160 



iv) To demonstrate the presence of a 

biological clock in triatomid bugs 164 

B. The physiological status of the bug and i ts 

effect on phototactic behaviour ............ 
i) The influence of nutritional history 

on the response of adult female 

Triatoma infestans to green oetalight, 

S10/G/2000 ........................... 
ii) The effect of nutritional history on 

the response of 3rd instar nymphs of 

Rhodnius prolixus to blue betalight, 

157 

157 

0135/B/90 . • . . . . . . . . . . . . . . . . . . . . . . . . . . 170 

iii) Post-emer gent activity levels of 

triatomid bugs ••••••••••••••••••••••• 173 

iv) Post-emergent phototactic behaviour in 

adult Tri atoma infestans and Tria t oma 

ma.cul at a • • • • • • • • • • • • • • • • • • • • . . • • • • • . . 175 

v) The phototactic responses of 5th 

instar nymphs of Tr iatoma phyllosoma 

to blue betalight , C1 35/ B/ 90 , during 

the period followin g ecdyois ••••••••• 182 

vi) The effect of ecdysis on the 

phototactic behaviour of tr iatomid 

bugs ••••••••••••••••••••••••••••••••• 186 

~. The relationship between temperature and 

response to betali ght • • • • • • • • • • • • • • • • • • • • • • 190 

1) General introduction••••••••••••••••• 190 



ii) The influence of temperature on the 

phototactic behaviour of adult female 

Page 

Rhodnius prolixus ••.........•...•..•.• 190 

iii) The influence of temperature on the 

response of adult female Rhodnius 

prolixus to blue betalight, Cl35/B/90 197 

iv) An investigation of the influence of 

four different temperatures, 14.5"C., 

21.0"C., 27.3•c. and 36.0"C., on the 

response of adult female Triatorna 

maculata to green betalight, S10/G/2000 200 

v) The effect of a low temperature, a.5•c. 
on the behaviour of adult female Rhodnius 

nrolixus • . • • • • . . • . . . . . . • • • . . . • • • • . . • . • 205 

vi) The relationship between temperature 

and locomotor activity in triatomid 

vii) 

bugs•••••••••••••••••••••••••••••••••• 207 

The influence of temperature on the 

phototactic behaviour of adult female 

Triatoma infestans •••••••••••••••••••• 211 

viii) The influence of temperature on the 

speed of movement in adult female 

ix) 

Triatoma maculata •••••••••••••••••••• 215 

The relationship between temperature 

and speed of movement in adult female 

Triatoma infestans •••••••••••••• •••.... 221 



10. The ef'.fect of ambient relative humidity on 

phototactic behaviour ...................... 
i) Introduction••••····•••••••••••••••••• 

ii) Testing the effect of relative humidity 

on the response to betalight in 

Triatoma infestans .................... 
11. The combination of betalight and butyric 

Page 

227 

227 

229 

acid as an attractant for triatomid bugs ••• 231 

i) Attraction of 4th instar nymphs of 

Rhodnius prolixus to n-butyric acid••• 231 

ii) The combination of' betalight and 

butyric acid as a suitable attractant 

.for triatomid bugs•••••••••••••••••••• 234 

DISCUSSION 

l. Introduction ............................... 237 

2. Relation of light intensity to insect 

response••••••••••••••••••••••••••••••••••• 237 

3. Wavelength discrimination •••••••••••••••••• 240 

4. Orientation me chanism underlying the 

response of triatomid bu~s to a betal ight 

source . • • . • . . • • . . . . • • . . . . . • . . . . . . . . . • . . . • • • 2 45 

5. The role of the ocellus in triatomid bugs •• 252 

6 . The importance of photoperiodism ••••••••••• 2 57 

7. Phase-setting and terminology •••••••••••••• 263 

a . A biolo gical clock in the 1'riatominae? ••••• 265 

9 . Physiological considerations••••••••••••••• 268 

10. The influence of temperature on the 

behavioural patterns of triatomid bugs ••••• 272 



11. The influence of ambient relative humidity 

on the phototactic behaviour of triatomid 

Pa ge 

bugs • • . • • • • • • . . . • • • . • • • . • • • • • • • • . • . • . • . • • • • 278 

12 . The environment of the domestic and peri

d.omestic habitat and its influence on the 

o peration of light traps••••••••••••••••••• 282 

1 3 . The combination of bet a l ight and butyric 

acid as an attract a nt f or t r i a tomid bugs••• 289 

CONCLUDING REI"!A.rtKS • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 292 

REFERENCES :,oo 



13 

INTRODUCTION 

1. General 

The Triatominae are responsible for transmitting 

Chagaa•s disease in South and Central America. The disease 

organism concerned is Trzyanosoma cruzi and in the advanced 

stage of the disease heart failure can be a major symptom 

as a result or the trypanosomes settling in the muscles of 

the heart. The disease has serious consequences for vast 

areas or South and Central America since a satisfactory 

curative therapy is not at present available. The widespread 

nature of the disease can be appreciated from W.H.0. figures 

for 1960 which estimate at least 35 million people then at 

risk and a total of some 7 million already infected (W.H.o., 

1960). 

The domestic species of Triatominae which live in 

close association with man - bugs thrive in substandard 

housing conditions - are those which are particularly 

important in transmission of the disease to man. The bugs 

feed exlusively on blood and only emerge at night from 

sheltered harbourages in the walls of substandard dwellings 

to take a blood meal. The trypanosomes undergo a 

developmental cycle in the bug. No trypanosomes are found 

in the salivary glands and indeed transmission is not 

brought about by the bite itself but by contamination of 

th~ wound with infective faeces. This results when the 

insect is crushed, or when the wound is scratched after 

deposition of faecal matter, or when faecal matter comes 

into contact with an abrasion or with mucous membranes. 

Perhaps the most important species involved in transmission 
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or the disease to man are Triatoma infestans round in 

Central and southern parts or South America, 

Panstrongylus megistus in Brazil, and Rhodnius prolixus 

in Venezuela and northern parts ot South and Central 

America. These species w~ll be studied here in this 

investigation. 

The estimation or Triatomid bug populations in 

domestic situations presents the entomologist with a 

serious problem because a high proportion of the bugs 

will remain completely hidden until hunger causes their 

emergence tor a blood meal. The sampling methods at 

present available have been outlined in a later section 

o! this thesis and as suggested by Bertram (1971) these 

are not particularly reliable and where possible less 

time-consuming methods should be devised. 

It is therefore signi£icant that light can and 

will attract these nocturnal insects and in particular 

that a comparatively new light source called betalight, 

has proved successful for this purpose in laboratory 

investigations (Bertram 1971a; Andrewartha, 1972). 

Betalight has also been used elsewhere as an attractant 

for collecting mosquito larvae (Bertram et al., 1970). 

The subdued luminance ot betalight which can only 

readily be discerned in darkened situations is 

produced by the action o! tritium gas on a coating or 

phosphor wh i ch lines the inside or the small sealed 

glass vessel that constitutes the body of the betalight. 
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Betalights are advantageous in many respects; they do 

not re quire an external po wer supply, they glow 

continuously for years, they do not give out heat, and 

they are completely safe and unaffected by immersion in 

water. These advantages have proved useful in studies 

involving collection of mosquito larvae (Bertram et al., 

1970) and more recently betalight was found to be a 

useful attractant for marine Crustacea (personal 

communication, unpublished 19?3). 

The present investigation is therefore concerned 

with the phototactic responses of various species of 

Triatomid bug and in particular their response to this 

new light source. Betalight presents the entomologist 

with a number of advantages which could ultimately mean 

its successful incorporation in a light trap of suitable 

design for field work. Ho wever a number of environmental 

and physiological factors can affect the operation of a 

light trap in field situations and so, using betalight as 

a laboratory model, the investigation has as its main aim 

a study of these potential factors. 
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2. Phototaxis 

A taxis may be described as the locomotory movement 

of a cell or organism in response to a directional 

stimulus, the direction oi movement being orientated in 

relation to the stimulus. A taxis in which the stimulus 

is light is therefore described as a phototaxis. 

Phototaxie can be positive or negative, i.e. the insect 

may eit~er move towards or away from the light source. 

This investigation is concerned primarily with positive 

phototaxis, and in particular the positive phototactic 

responses or triatomid bugs to betalight. 

The investigation also limits itself to an essentially 

simple phototactic response, i.e. attraction to a light 

source. However there are also instances where a taxis 

is much more complex and may be of some importance in the 

directional orientation or the insect. In the dorsal light 

reaction, !or example, the tendency of an insect to 

orientate the head so that the dorsal omrnatidia o! the 

two compound eyes are equally strongly illuminated plays 

an important role in flight orientation (Goodman, 1965). 

Classical examples of the dorsal light reaction are shown 

in the Crustacea Apus and Leander (Fraenkel and Gunn, 1961) 

and it is also seen in certain a quatic insects such as 

ephemerid nymphs and dytiscid larvae which maintain 

their position in water by orientation to the illumination 

tram above (Wigglesworth, 1965). 

The majority or insect species manifesting phototactic 

responses belong to the orders Ephemeroptera, Neuroptera, 

Orthoptera, Coleoptera, Trichoptera, Lepidoptera, 

Hymenoptera, Diptora, 'and Hemiptera (triatomid bugs). 
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Phototaxis is not therefore evident in all insect groups. 

In general, diurnal species are not attracted to 

artificial light and the great majority of those species 

which show a marked positive response to light are 

indeed nocturnal. 
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3. Possible mechanisms underlyin~ the attraction of an 
insect to a li~ht source 

The extent to which a light trap catches insects 

that actua11y detect it will depend on a number of 

factors. The first important factor is the amount of 

contrast there is between the light source and its 

immediate surroundings. The greater the contrast the 

greater the trapping effect. It has been suggested that 

it is indeed the factor of contrast which leads to the 

disturbance of the animal's normal photic orientation, 

resulting in the enforced 'drift' towards the light. 

Any phenomenon which interferes with this e!!ect of 

contrast, for example moonlight or general background 

illumination from homes or street lamps, will 

considerably reduce the size o! the catch (Service, 

19?0). The second important factor is that of intensity 

of the light source. Most animals will be repelled and 

therefore have a tendency to withdraw from the high 

light intensity immediately adjacent to the lamp 

(Service, 19?0). Whereas a strong light will actually 

attract insects from a distance, it will almost 

certainly repel them as soon as they approach the light 

source. Indeed this kind of observation has led to 

considerable structural modifications or adaptations in 

light trap design. Breyev (1963), !or example, states 

that u.v. light traps n ot equipped with suction !ans 

resulted in very small collections owing to 

peculiarities in the behavLour o! mosquitoes approaching 

a light source. The third !actor which will determine 
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the possibility ot a light trap catching an insect is 

the extent to which the insect may be able to change 

from approach to avoidance, and this will ultimately 

depend on it■ !light speed. It is interesting to note 

that the faster heavier !lyers are able to stop and 

change course quickly thereby avoiding capture. 

The way in which an insect orientates towards a 

light source formed an integral part of the thought 

which led to the evolution of the famous Robinson 

Trap. This kind o! careful theoretical approach is 

important for it must necessarily precede the 

formulation of any insect trap. 

The Robinson theory of how an insect approaches 

a light source will now be considered in some detail 

tor the same theoretical principles may indeed apply 

in the orientation o! triatomid bugs to a light 

source. 

At one time it was thought that insects were 

simply •attracted' towards a light source and that 

having been attracted they would then fly to it in 

a fairly purposeful way. Robinson and Robinson 

(1950) have shown how erroneous this thinking was. 

First, an insect will be attracted to a relatively 

small light at some distance off, a light source 

totally isolated in a dark area. The insect will 

then fly towards the distant light but in the 

vicimity of the lamp, an area of high light intensity, 

the insect will tend to settle into an area of shadow. 

Robinson (1952) discuss•• this principle in 

explaining th• merit• of the Robinson Trap. It would 
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appear that the shadow cast by the opaque funnel or the 

trap considerably increases the size of the catch. 

Insects are only pc,sitively phototactic when their eyes 

are in the ~ark-adapted condition therefore those 

insects which fail to enter the trap on the first 

approach to the light soon become light-adapted and so 

no longer sensitive. Many or these insects will settle 

in the area of shadow which surrounds the trap. Here 

their eyes become dark-adapted once more so that when 

they take to flight again and approach the light source 

a second time, the probability is that they will enter 

the trap. Thia phenomenon was therefore caref ully 

considered in the formulation of the Robinson Trap. 

How are insects actually attracted to light and what 

is the orientation mechanism? In th i s connection, 

Robinson and Robinson (1950) have considered for example, 

the behaviour or Lepidoptera in flight in the vicinity 

o! a light trap. Their paper suggests that for insects 

a light sow:-ce will produce two concentric field areas. 

The outermost extends rrom the source to a limit where 

the insect is still sensitive and therefore able to 

respond to it through its compound eyes. The innermost 

sphere is or smaller diameter and has been termed the 

"sphere of dazzle". In the outermost sphere the insect 

will follow a more or less direct flight path to the 

light source but it is within the "sphere of dazzle" 

that the insect is deflected from this path. In 

orientating towards the light source what matters 

particularly, according to the Robinson theory, is the 

way in which the facets or the compound eye are illuminated 



21 

by the light source. As soon as the light is near 

enough to be seen by the insect, in other words to have 

any chemical effect on the eye, the insect will attempt 

to fly in such a way so as to keep the same facets 

illuminated all the time. This obviously leads to the 

insect flying in a direction which makes a constant 

angle with the light source. If the light is being 

perceived from a great distance the insect can fly in 

a straight line and still maintain a constant angle of 

flight with respect to ~ht. If, however, the 

light is not too distant, tJe insect's direction of 

flight soon changes. In order to maintain the light 

shining on the same area of the eye the insect has to 

change direction, thereby changing its flight path. 

At this point, still in the outer sphere, the insect 

may be deflected so that instead of flying towards the 

light it actually flies on into the darkness. If, 

alternatively the insect passes somewhat closer to 

the light source, the direction of flight changes more 

rapidly and then the insect starts on the fateful 

"spiral path". It is only within the"sphere of dazzle" 

that the spiral flight will begin. The experiments 

carried out by the Robinson brothers also indicated 

that an insect which merely flies through the outermost 

zone and does not enter the "sphere of dazzle" will 

eventually pass out of the light's influence. 

In connection with the important question of trap 

design Robinson (1952) realized that the spiral path 

which an insect follows when approaching a light source 

will bring it down until eventually it will seek a 
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shadow area and become inactive. It was therefore 

important to incorporate in the trap some feature which 

would provide shadow areas in the trap casing. Once the 

compound eyes resume a dark-adapted state after the 

period of rest in the shadow area, the insect takes 

to flight and recommences its approach to the light. 

This feature ot trap design has no doubt led to the 

comparative success of the Robinson Trap. 

How far the Robinson theory can be applied to 

triatomid bugs it is a little difficult to say at this 

stage. However, it does seem to the author that the 

provision of shadow areas is a logical step, simply 

on the basis of what is lmown of the physiological 

mechanisms of the eye, and that it should be given 

some priority in the design of a trap incorporating any 

light source, be it betalight or the electric filament 

lamp. 

In conclusion, the following conditions must be 

optimal if a light source is going to be used to collect 

night-flying insects (Verheijen, 1960); 

i. a completely isolated source of 
light. 

ii. light emitting wavelengths to which 
the insect or insect■ are most 
sensitive. 

iii. a dark night without moonlight. 
iv. a completely dark environment. 
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4. Light traps - General review of the literature 

(a) Introduction 

It may be as well at this stage to review the enorw.ous 

literature concerning light traps since many of the points 

emphasised in this wealth of knowledge will have a direct 

bearing on the possibility of formulating betalight traps 

for Triatomid bugs in field situations. A great deal of 

this literature is descriptive and there is no need to 

include here an account of the wide range of light traps 

that have been devised for trapping insects. The summary 

of literature on light traps presented here (in Section 5 

of the Introduction) has been included to give some idea 

not only of the range of traps used ( a description of 

each trap can be found by consulting the appropriate 

reference) but also of the wide spectrum of taxonomic 

groups which have been trapped using light as an 

attractant. 

The entomologist has necessarily evolved suitable 

trapping methods for insects not only to gain useful 

taxonomic data but also for various investigations 

relating to the general biology of the species under -

study (Kettle, 1962). The ingenuity dis played in devising 

suitable traps can be appreciated from Frost's (1952) 

review of light traps used for insect collection, survey 

and control. Frost's review encompasses some of the 

earlier traps used by entomologists and it is interesting 

to follow the gradual evolution away from the candle 

flame, the kerosene lantern, acetylene lamp, and the 



carbon-filament electric lamp, to the sophisticated 

ultra-violet lamps of today. The entomologist has needed 

to devise methods which will trap a sufficient number of 

animals for his investigation and since light has, from 

long experience, proved a useful attractant, light traps 

have, despite some failings, been used widely and 

successfully. In this review the uses of light traps, 

their advantages, disadvantages, and the kind of factors 

that affect their efficiency will be considered in some 

detail for it seems that this kind of background 

information is essential in formulating any kind of 

insect light trap. 

(b) The application of light traps 

Light traps have become a very important feature or 
praetical entomology and it bas been rewarding to see a 

shift in emphasis away from taxonomic collections by 

amateur entomologists to a more scientific application 

in biological investigations, particularly in the realm 

of medical entomology. Light traps, suitably positioned, 

may be used to forecast the outbreak or a serious medically 

important vector (Andreev et al.,1966). Beck (1958) 

operated light traps at regular intervals in different 

areas of Florida in order to learn something of the 

relative and seasonal abundance of various species of 

Oulicoides. Th• population dynamics of the medically 

important di■ease vectors must necessarily be interwoven 

into all other data relating to any vector-borne disease 

so that a complete picture of its epidemiology may be 
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obtained. Throughout the literature there are therefore 

countless references to light traps being used for the 

purpose of monitoring insect populations and determining 

their seasonal prevalence (Barr et al., 1960; Taylor et 

al., 1956; Moussa et al., 1966; Williams, 1965; Reuben, 

19?11 Hurlbut and Weitz, 1956; Davies and Williams, 

1962; Burray, 1957). Going a step further it is or use 

to the epidemiologist to know exactly when the vector is 

biting and therefore transmitting the disease. 

Accordingly light traps have been operated to determine 

the nocturnal flight activity of various insect groups. 

Corbet (1961, 1964) 1 by arranging mercury vapour lamps 

at different levels in the canopy of Zika Forest, Uganda, 

was able to catch and identify a vast number of specimens 

so that the nocturnal flight activity 0£ 41 species of 

sylvan mosquito and ?5 species of Tabanid could be 

readily assessed. The nocturnal activity of other insect 

groups has also been determined, notably the Tipulinae 

(Pinchin and Anderson, 1936) 1 the Simul~idae of Scotland 

by Williams (1964) and the Noctuidae (Williams, 1935). 

Following on from the exact period of nocturnal fli ght 

activity, a knowledge or the vertical distribution of the 

species is useful. Bast and ~ebn (1963) for example, 

determined the vertical distributicn of mosquitoes in 

New Jersey by using light traps, and Williams (1968) 

investigating the Pblebotominae of British Honduras 

gained new information concerning the vertical distribution 

and flight activity of several important vector species. 
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Indeed Corbet's study (1964) yielded detailed information 

on the rhythmic activity of mosquitoes at several levels. 

He found that at canopy level both sexes showed a bimodal 

pattern of activity, females predominating in the first 

peak, and males in the second. This may seem very 

intricat e data but it is important to remember that this 

may be particularly significant in any worthwhile 

epidemiological surve7. 

Other epidemiologically important information can be 

gained from operating 1ight traps. It has been possible, 

for instance, to collect vast numbers of insect specimens 

with the view to determining a possible vector. 

Chamberlain et al. (1964) collected we1l over 25,000 

mo squitoes using a C.D.C. miniature battery operated 

light trap. By processing these specimens and carrying 

out virus isolations it was possible to determine a 

probable vector in the St. Louis Encephalitis Virus 

Epidemic. Indeed light traps have proved an invaluable 

aid in various virus isolation studies (Hurlbut and 

Nibley, Jnr., 1964; Dow et al., 1964; .vhitney, 19G4 ). 

The quest for the vector is vitally important for it may 

ultimately be of use in the control or eradication 

measures which are fina1ly adopted. Messe rsmith (1965) 

studying the Culicoides a s sociated with poultry in West 

Virginia was able by operating light traps to pinpoint 

the potential arthropod vectors of Avian Infectious 

Synovitis. Once this kind of information is available 

it may then be more easy to direct control measures at 
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the vector, e.g. a direct attack on the known breeding 

places. 

It has already been mentioned that traps have been used 

to study population dynamics, species abundance etc., and 

in connection with this it is interesting to note that they 

can also rerlect the relative success of local control 

measures (Pincus, 1938). Light traps can also indicate 

where and when mosquito control should be instituted in 

those areas where human comi'ort is aggravated by the 

presence or this biting nuisance (Vanderwerker, 19;7; 

Mulhern, l953b). 

Although a great deal or information gained from light 

trap collections will be of use to the epidemiologist it is 

perhaps important not to forget their role in more general 

entomological surveys. Indeed there are many refer•ncee in 

the literature to situations where light traps have been 

used simply to map the presence of certain insect species 

in a sampling study or a known area (Fox Gnd Kohler, 1950; 

Thompson and Dicke, 1965; Thurman and Thurman, 19551 

Nielsen, 19631 Lewis and Murphy, 1965). 

The entomologist aiming for more general information 

may require experimental data concerning the kind or 

factors which might affect the behaviour of the insect 

under study and here too, light traps have found an 

application. Chapman and Kinghorn (1955) used their traps 

to determine the relationship between the flight or 

Scolytid beetles and local weather conditions. Williams 

and Davies (1957) too used light traps to assess the 
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interrelationship between local meteorological conditions 

and the general activity of the Simuliidae. The 

entomologist may even want to assess the !actors limiting 

the distribution of an insect and Ito~study (1964) of the 

seasonal abundance of mosquitoes in the four wards ot 

Nagasaki City seems to suggest that light trap collections 

may also reflect the influence of the sanitation and 

topography of the study area. 

Light traps therefore seem assured of a long and 

useful application in medical entomology. They are 

certainly a convenient means of collecting medically 

important insects and although many kinds of trap have been 

used to sample insect populations perhaps the entomologist's 

main aim now should be to make various modifications 

to those he bas so as to improve their operative 

efficiency (Odetoyinbo, 1969). Nevertheless, light traps 

in combination with other methods permit a !aster and 

more complete study of both the species composition and 

the numerical relationships ot the medically important 

vectors (Zhogolev, 1959). Indeed the investigation 

ot Collett et al. (1964) suggests that more reliable 

information is obtained it two collecting methods are 

used, e.g. light traps and larval surveys in the case 

of mosquitoes. 

Finally, in connection with possible uses of light 

traps, it has been suggested that since they are an 

efficient and widely used means of collecting insects 

they could be used for the purposes ot control. 
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Certainly, the use of light traps in controlling the 

medically important insects is perhaps a little difficult 

to envisage at this stage, particularly when considering 

the extensive work already done on control of agricultural 

insect pests. It would be presuming a great deal to 

imagine that the problems involved in controlling 

agricultural and medically important insects are in any way 

the same. Indeed it might be expected that control by light 

trap of the agricultural pest would have been a fairly 

straightforward matter since there is a conside rable 

localization of the offending insect. However, at most, 

Stanley and Dominick's study (1958) of tobacco- and tomato

hornworm moths suggests that there was only a slight 

suppression of the damage to plants where light traps were 

used. Likewise, Ficht and Hienton (1941) have shown that 

infestation by the European Corn Borer could be greatly 

reduced but not eliminated. All other relevant work on 

controlling agricultural pests indicate that light traps 

are not a practical means of control (Pfrimmer et al., 19551 

Stahl, 1954; He~vey and Palm, 19~5). 

(c) Factors affecting the efficiency of a light trap 

Although light traps have gained an almost universal 

acceptance in terms of usefulness and efficiency they are 

nevertheless subject to changes in operative efficiency. 

Many factors will affect the efficiency of a trap and 

becau~e some of these factors have been studied here in 

this investigation they will be considered in some detail. 

The factors affecting the efficiency of a trap are also 
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in the formulation or a trap for Triatomid bugs adopting 

a betalight source. 

First it may be as well to consider the general 

environmental factors affecting the efficiency of an 

insect trap and or these moonlight seems to be very 

important. Barr et al. (1960) found that the number or 

mosquitoes caught in a light trap on nights near full moon 

was only a small fraction of the numbers taken around new 

moon. Other investigators have obtained similar results 

(Horsfall, 1943; Pinchin and Anderson, 1936; Bradley and 

McNeel, 1935; Pratt, 1948; Huffaker and Back, 1943). 

Carpenter (1942) has shown that there is a cyclic variation 

in collections of mosquitoes which correlates very closely 

with the lunar phases. However, the position of the trap 

will determine the relative importance of moonlight for 

Bidlingmayer (1967) was able to show that the influence of 

the moon at its different phases was considerably reduced 

in the case of light traps situated in a forest. Corbet 

(1964) has similarly shown that the moon, when above the 

horizon, will reduce catches of mosquito above the cano p y. 

Those below the canopy continued to be typical of nights 

with no moon. Indeed Provost (1959) revealed that 

non-attractant air sampling reveals no such cyclic 

periodicity. 

The question of general background illumination ia also 

important and evidence is available from the work of 

Barr et al. (1963) that background illumination interferes 
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with the discrimination of light intensities by mosquitoes. 

The efficiency of a light trap will therefore vary in 

accordance with the intensity of sky illumination, and thus 

with the elevation of the moon and the extent to which it 

may be obscured by cloud and mist. 

Of the meteorological factors likely to affect the 

efficiency of a trap, temperature is very important. 

Zhogolev (1959) has stated that collecting with light can 

only be successful when the insects are sufficiently 

active. This fact helps to explain why light traps are 

more effective in southern regions where high air 

temperatures favour the flight of bloodsucking insects at 

night. •.rhe important in.tluence of temperature on the 

activity of various insect groups has been underlined in 

the work of Belton and Pucat (1967), Fox and Kohler (1950), 

and Pinchin and Anderson (1936). Indeed o.t all weather 

conditions temperature seems to be the most important 

(Williams, 1940). Williams (1940) has also emphasised the 

indirect effect of previous weather conditions .tor these 

will ultimately determine the size of the prevailing 

population. Hence the catch size will be dependent on 

two factors, namely activity and populat i on, and these in 

turn will be influenced by temperature. 

Rain is also a fairly important environmental factor. 

Belton and Pucat (1967) found that collections of 

Culicoides were small on rainy nights or on ni ghts 

following rainfall. Rain during the day before the night 

collection is also associated with a low catch (Williams, 
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State, India, closely follows the rainfall pattern, for 

mosquito abundance as determined by a New Jersey light 

trap is lowest in the dry months from March to May 

(Reuben, 1971). 

Wind can also play a role in influencing the size of a 

catch. Hollingsworth et al. (1961) tested the effects of 

setting up artificial windbreaks and showed that catches 

of all species were significantly increased by shielding 

the traps from the effects of the prevailing winds. 

Furthermore, it has been stated that a windspeed of around 

10 m.p.h. is sufficient to reduce a night's catch to 

zero (U.S. Department of Agriculture, 1961). 

Outside of the environment the whole question of trap 

design must be considered as an important influence on 

size of catch. It seems from all ~ccounts in the 

literature that a trap will evolve by trial or error 

until it reaches a level of efficiency adequately meeting 

the needs of the investigator. Frost (1958~) was able for 

example to show the importance of baffles in trap design, 

for a trap equipped with baffles collected 6480 specimens 

and one without, 3552 specimens. Trapping insects by 

light inevitably leads to tedious sorting and so various 

modifications are made to the trap to exclude the larger 

specimens which can destroy the catch. Such modifications 

usually include cylindrical screens around the trap which 

effectively reduce the size of the catch but nevertheless 

relieve tedious sorting and damage (Hemmings, 19591 
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Hollingsworth et al., 1961). 

Differences in the quality of the light used in the 

trap will also have a profound effect on size and type of 

catch. For example, the bloodsucking Diptera appear to 

be more strongly attracted to ultra-violet light 

(Zhogolev, 1959; Kitaoka and Ito, 1964; Breyev, 1958, 1963); 

Hemiptera respond more freely to white light whereas 

Trichoptera and Microlepidoptera seem to be more strongly 

attracted to black light (Frost, 1953a); a fluorescent 

black light appears highly effective and to some extent 

selective for Culicoides (Belton and Pucat, 1967); the 

European Corn Borer is most attracted to the violet-blue 

band of the spectrum (Ficht and Hienton, 1941). Workers 

also report on species differences in response to different 

kinds of light; for example, Aedes aegypti responds ~o infra

red and is not attracted by ultra-violet or white light 

(Mangum and Callahan, 1968), whereas~ and Culiseta are 

more attracted to a white light source and not at all to 

ultra-violet (Downey, 1962). The validity of such 

statements is perhaps open to some argument but nevertheless 

in certain situations light of a certain quality is far more 

successful for collecting a certain species of insect. Indeed 

Frost (1958a) suggests that since it is known that some 

groups or species respond more freely to ultra-violet light 

and others to white light, a combination of the two seems 

logical in order to attract a ~uch greater variety of insects. 

The importance of intensity of the light source has also 

been widely discussed. The number of insects caught in a 
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light intensity (Barr et al., 1960; Barr et al., 1963; 

Belton and Pucat, 1967; Deay and Taylor, 1963; Loomis 

1959; Ficht and Hientcn, 1941; Pratt, 1944). Curves 

representing reaction of insects to sources of radiant 

energy are not straight lines. At the lower end of 

the curve the intensity of the energy is so small that 

insects will not react, at the upper end the energy is 

so great that the insect is actually repelled 

(Headlee, 19~7). Breyev (1963) asks why the catch 

increases when the intensity is increased and he 

concludes that it is simply an increase in the 

operational radius and that in those situations where 

the population level is low the use of a bright light 

source is recommended, whereas if the level is high a 

darker light source might be better. 

The exact location of the trap is also important 

(Williams, 1951; Barr et al., 1960, 1963; Downey, 1962). 

Quite obviously a well designed trap will not function 

efficiently unless it is in an optimum position. 

Belton and Pucat (1967) consider this the most important 

single factor affecting the efficiency of a light trap. 

Ficht and Hienton (1939, 1941) have shown the importance 

of the position effect on light traps used to collect 

Corn Borer moths. They found that traps situated 

directly over the corn attracted a larger number of moths. 

Since vectors are attracted primarily by their hosts and 

since light traps have only a short range of influence, 
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the effective range of the C.D.C. light trap for example 

being 5 m., Odetoyinbo (1969) suggests that the optimum 

location for sampling house-visiting mosquitoes is as near 

to the hosts as possible. Frost (1958b) determined the 

influence of height on catches by light traps and showed 

that the majority of insects, and generally the smaller 

insects, are taken in traps at the lower levels. This 

results from the fact that the aerial density of most 

insects decreases with height. Service (1970) believes 

that only those traps placed in the relatively narrow 

flight paths followed by Anopheles~. for example, 

flying from breeding place to human habitation, will catch 

a large number or specimens. 

So far, only extraneous factors such as meteorological 

conditions have been considered together with a discussion 

of the influence of trap design. However the situation is 

even more complicated because apart from these factors, the 

susceptibility of an animal to being caught will vary 

according to its behavioural and physiological attributes. 

This point will be considered more fully in the Results and 

later discussion but it would be useful at this stage to 

mention some of the work carried out by other 

investigators. For example, the nutritional state of the 

insect appears to be important; over 95~ or the 

Anopheles ~ambiae caught in a light trap in Africa were 

unfed females (Odetoyinbo, 1969). This figure agr~es 

remarkably well with that of Hurlbut and Weitz (1956) who 

state that only 5% of their mosquito catch contained blood. 
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Service (1969) found that the same was true for the 

Ceratopogonida~. Service (1970) also found that together 

witb a large proportion of unfed mosquitoes in the catch 

there was also a fair proportion 0£ gravid females. 

Geier (1960) has underlined the important nature of 

physiology in the case of the Codling M~th. The kind of 

trap used to catch a certain physiological age group of 

moth appears to be important for bait trap catches 

consist predominantly of half-spent females whereas light 

traps will collect the younger females from the population. 

The importance of nutritional state has already been 

emphasised but collections of mosquitoes by 

Standfast (1965) have indicated that host-seeking activity 

will also depress the phototactic response. 

There is also a significant variation in the 

responsiveness of different sexes and species to trap 

stimuli. In many groups significantly larger numbers 

of one sex are likely to be caught in light traps. For 

example in the case or Culicoides, females make up the 

majority of light trap catches whereas males and gravid 

females are scarce (Belton and !'Ucat, 1967; Service, 196 9). 

The same is true for Corn-Borer Moths (Ficht and Hienton, 

1939). However, in the case of the crane-flies, tabanids 

and mos quitoes, males usually comprise a larger proportion 

of the catch (Finchin and Anderson, 1936; Corbet, 

1964; Ito, 1964). Corbet and Haddow (1961) found 

an interesting difference here for the preponderance 

of one sex over another was shown to depend very much 

on the local environment. For example, male Culicidae 

predominated in the catches of species round 
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typically in the forest but females would outnumber males 

in catches of those species known also to bite over open 

ground at night. It is also interesting to note that 

different species respond very differently; some species 

or mosquito are more attracted to ultra-violet light tor 

example (Breyev, 1963). This might be explained in terms 

of the spectral sensitivity or the eye or alternatively it 

may reflect some special optical properties or the cornea. 

Breyev (1963) therefore suggests the use or mercury 

quartz lamps whose radiant energy is greatest in the 

ultra-violet and green ranges or the spectrum, 

corresponding to the two known sensitivity peaks or the 

insect eye. In this way a much more varied collection or 

species is possible; indeed the mercury quartz lamps are 

said to give a more qualitative and quantitative indication 

of the mosquito population. Service (1970) has also 

underlined the species dirrerence,ror some groups are more 

responsive to the infra-red r egion or the spectrum. 

The activity or an insect will be governed very 

precisely by its diurnal cycle and the expression of this 

activity will be conditioned by the prevailing climatic 

conditions. Therefore a light trap will only effectively 

catch a certain species or insect at a very specific time 

of day. Hutchins (1940) round one or two peaks of 

abundance of insect activity during the night, for example 

between 0100 and 0300 hours the peak of activity is 

reached by both the Diptera and Lepidoptera, while this 

period m~rks the nadir for the Homoptera. Murray (1957) 
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studying the Culicoides of Mount Solon, Virginia, U.S.A., 

determined that activity was greatest during the evening 

and early morning hours. Clearly the diurnal cycle and the 

whole question of photoperiodic entrainment, which will be 

discussed later, are of importance in determining the 

period of greatest catch. 

To summarise, the number of insects taken in a light 

trap will be influenced by three factors: 

(i) Activity or the insect 

This has been discussed in some detail. For example, 

light trap collections of Aedea vexans at dusk was not 

feasible because of the high level of feeding activity at 

that time. In light traps operated from dusk to dawn, most 

specimens were caught after 10 p.m. (Thompson and Dicke, 

1965). Indeed Corbet (Standfast, 1965) bas expressed the 

opinion that a large proportion of the mosquitoes caught in 

light traps are engaged in non-specific locomotor activity. 

It is also important to consider the effect of various 

environmental factors on the general activity of the insect 

for light traps will favour not only those species which 

are phototactic but also those which are active during the 

comparatively low temperatures of night. 

(ii) Density of insect oopulation 

The size of the catch is dependent on the actual density 

of population. Breyev (1963) found that the periods of 

larger collections or blackflies corresponded to the 

emergence of the new generation. Indeed Beck (1958) 

stresses that a light trap collection is largely accidental, 

depending on whether or not it coincides with an emergence, 
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(iii) Phototactic Response 

This will depend on the design or the trap and on the 

behavioural and physiological state or the insect. Fox and 

Kohler (1950) not only underline the importance or the 

phototactic response but also consider the important question 

of whether the intensity or this reaction is constant 

throughout the adult life of the species. In connection 

with the influence of the phototactic response on the size 

or the catch the effective range or the light trap should 

also be considered. A light trap samples only a 

comparatively small area and therefore it can only represent 

the population or the immediate area and not necessarily or 

the geographical area as a whole (Beck, 1958). In fact 

there have been efforts to determine the effective range or 

light traps and Graham et al. (1961) for example found that 

Pink Bollworm Moths would respond to an ultra-violet light 

source up to a distance or 140 feet. 

(d) LiM.t traps incorporating other attractants 

It can easily be appreciated that a great deal does in 

fact work against the successful operation of a light trap, 

it considering all the factors mentioned above. 

Modifications are therefore made to traps~ enhance their 

operative success and not least or these are the addition or 

other attractants. Light has proved to be a successful 

attractant but it would seem reasonable to increase the 

likelihood or attracting a much larger and greater vari ~ty 

or insects by addition of another equally successful 

attractant. This point has been considered in some detail 

in this investigation. Carestia and SavaRe (196?) found 
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that C.D.C. miniature light traps equipped with carbon 

dioxide "°"lindera attracted larger numbers and more species 

of adult mosquito. Newhouse et al. (1966) used dry ice in 

their C.D.C. light trap and increased the catch by at least 

£our-told, at the same time increasing the number of species 

by 20-25%. Reeves and Hammon (1942) also increased their 

catch and it seems that a combination or light and chemical 

attractant such as carbon dioxide is an invaluable means or 

obtaining more adequate samples from an area. It can be 

particularly invaluable for more efficient collections of 

vector species during certain arbovirus epidemics when 

large samples must be obtained quickly. However, it is 

important to note that male mosquitoes showing a reaction 

opposite to that or females are definitely repelled by 

the presence of carbon dioxide so that this factor should 

be considered seriously in light trap collections 

(Huffaker and Back, 1943). 

The possibilities of chemical attractants in combination 

with light can perhaps be further broadened by the use of 

specific scents produced by the glands or certain insects 

which can effectively increase the catch (Frost, 1958a). 

(e) Disadvanta~es encountered in light trap operations 

Throughout the literature there have been controversies 

over the relative efficiency or light traps. Some workers 

have f ound that in certain situations light traps did not 

prove a satisfactory method of sampling the local insect 

population. For example, Reuben (19?1), Roberts (1965), 

and Hu and Grayston (1962) have resorted to steer-baited 
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unpopular for several reasons and a few of these have been 

listed below: the principal disadvantage appears to be the 

large catch of other insect orders that is invariably 

taken and the resulting tedious sorting (Service and 

Boorman, 1965; Pritchard and Pratt, 1944-); second, animal 

host attraction may be more constant than that of light 

since light traps have a cyclic effectiveness determined 

by moonlight (Harwood, 1961); third, animal-baited traps 

do not require a power source so that they will be widely 

used in preference to the light trap in those situations 

which lack extensive power supplies (Pritchard and Pratt, 

1944); finally, a l ight trap is obviously useless for the 

day-flying species of insect which may be equally important 

in the transmission of a disease (Kettle, 1962). These 

are a few of the disadvantages of light traps which are 

often mentioned, but in the end the advantages seem to 

outweight the disadvantages (Mulhern, 195?b) and these will 

now be considered in some detail. 

(!) Advanta~ee presented by light traps 

Beck (1958) in hie collection of Culicoides found that 

a light trap was comparatively inexpensive to operate, 

that it required little of the collector's time, that the 

efficiency of the trap is the same in different areas giving 

a 'standard• collecti•>n at difi"erent times and in different 

localities, and that although a light trap is definitely 

selective with respect to phototaxia, it is nevertheless 

random in respect or commonness, i.e. it does not matter 
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whether the insect is common or rare. Pritchard and Pratt 

(1944) in their collection of mosquitoes listed further 

advantages; an animal-bait trap will only collect females 

in search of a blood meal whereas a light trap ~ill collect 

males and females; second, attraction to a light trap 

affords some measure of standardization through the use of 

bulbs of given wattage; third, a light trap can be 

operated with an automatic time switch which means nightly 

collections throughout the season at low cost. 

There are various instances cited in the literature 

where a light trap was operated more successfully than 

artificial shelter traps, animal-baited traps or suction 

traps (Hurlbut and Nibley, 1964; Service, 1969; Williams, 

1965). Certainly light traps would seem much better than 

those traps depending on human skill, since the latter 

have been found subject to considerable variation 

(Vanderwerker, 1935). Indeed Mulhern (1953a) suggests the 

possibility of obtaining better results with light traps 

by standardizing their mechanical performance. 

In comparing the results obtained using light traps 

with those involving other methods some very interesting 

differences are notable. Moussa et al. (1966), for example, 

discovered that although light traps collected more adult 

mosquitoes than did resting boxes, the latter showing only 

one of five peaks of abundance, resting boxes collected 

a larger number of engorged females. There also appears 

to be a seasonal factor in the relative efficiency of 

each trapping method, for larger numbers of different 



mos quito species were taken in light than in ch~ck-baited 

traps during the summer months from April to September 

whereas tbe reverse was true in the cooler months from 

October to March (Taylor, Meadows and Baughman, 1966). 

The views about the relative efficiency of light 

traps appears to be widely divergent, some workers 

considering that they yield a more uniform index than do 

most other collecting methods and that they are probably 

the best method for sampling an insect population in 

any given area (Sun, 1964; Love and Smith, 1957; Beck, 

1958), whereas some workers do not appear to favour 

their extensive opera~ion. Perhaps Provost (1959) views 

the application of light traps more realistically for he 

considers that the value of any light trap collection is 

proportional to what is known of the trap's abilities, 

limitations, and eccentricities 
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5. summary of literature on light traps, with particular 

reference to insect orders caught 

TAXONOMIC GROUP 
CAUGHT 

LEPIOOPI'ERA 

COLEOPI'ERA 

KAME OF TRAP AUTHOR(S) 
(with specirications) 

Ultra Violet Light 
Traps 

Ficht & Heinton 
(19~9) 

Frost (1958a) 
Graham, Glick & 
Hollingsworth 

(1961) 
Transparent Light Trap Cor.umon (1959) 
Mercury Vapour Light 
Trap 
Minnesota Light Trap 

(White light) 
Minnesota Light Trap 

(Black light) 
Pennsylvania Insect 
Light Trap (equipped 
with black light 
fluorescent lamps) 

Robinson Trap 

Rothamsted Trap 

Ultra Violet Light 
Traps 

Window Flight Trap 

Pennsylvania Insect 
Light Trap (equipped 
with black light 
fluorescent lamps) 
Hungerford Subaquatic 
Light Trap 

Robinson Trap 

Geier 

Frost 

Frost 

Frost 

(1960) 

(1958a) 

(195~a) 

(1957. 
1958b) 

Robinson & 
Robinson (1950) 
Williams ( 1948f 

( 1951 J 

Frost (1952. 
1958a) 

Chapman & 
Kinghorn (1955 ) 

Frost (1958b) 

Hungerford, 
Spangler & 
Walker (1955) 
Southwood(l966) 



TAXONO["iIC GROUP 
CAUGHT 

TRICHOPI'ERA 

ODONATA 

Hll"lENOPTERA 

HEMIPl'ERA 
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NAME OF TRAP 
(with specifications) 

Ultra Violet Light Traps 
Minnesota Trap 

(Black light) 

Pennsylvania Insect Light 
Trap (equipped with black 
light fluorescent lamps) 

Hungerford Subaquatic 
Light Trap 

Hungerford Subaquatic 
Light Trap 

AUTHOR( S ) 

Frost (1958a) 

Frost (1953a) 

Frost (1957) 

Hunger!'ord, 
Spangler & 
Walker (1955) 

Hungerford, 
Spangler & 
Walker (1955) 

Pennsylvania Insect Light 
Trap (equipped with black 
ligb.t fluorescent lamps) Frost (1958c) 

New Jersey Light Trap Frost (1952) 
Ultra Violet Light Traps Frost (1958a) 

Minnesota Tra) 
(White light Frost (1953a) 

Pennsylvania Insect 
Light Trap (equipped 
with black light 

(1958b) fluorescent lamps) Frost 

Hungerford Subaquatic 
Ligb.t Trap Hungerford, 

Spangler & 
Walker (1955) 

Rothamsted Trap Williams(l940) 



TAXONOMIC GROUP 
CAUGHT 

DIF.rERA 
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NAME OF TRAP AUTHOR(S) 
(with specifications) 

Suborder NEMATOCERA Sodium Vapour Lamps Service & Boorman 
(1965) 

Family Culicidae 
(Adults) New Jersey Light Trap Hurlbut & Nibley 

(1964) 
Hurlbut & Weitz 

(1956) 
Love & Smith 

Ultraviolet Light 
Traps 

C.D.C. Miniature 
Light Trap 

C.D.C. Miniature 
Light Trap (infra
red radiation) 

Mercury Vapour 
Light Trap 

Minnesota rrap 
(White Light) 

~onk' s ~ood Trap 

(195?) 
Pippin (1965) 
Reuben (19?1) 
Sun (1964) 
Taylor, Work, 
Hurlbut & Farag 
Rizk (1956 ) 
' 1/bi tney ( 1964) 
Bast & Rebn(l963) 
Horsfall (1943) 
Thurman & Thurman 

(1955) 
Huffaker & Back 

(1943) 
Downey (1962) 

Breyev (1958, 
1963) 

Downey (1962) 
Kitaoka & Ito 

(1964 ) 

Carestia & Savage 
(196?) 

0detoyinbo (1969) 
Chamberlain, 
s udia, Coleman & 
Beadle ( 1964) 
Taylor, Meadows & 
Baughman (1966 ) 
Bertram (l9?lb) 

Mangum & Callahan 
(1968) 

Corbet (1964) 
Corbet & Haddow 

(1961) 

Loomis (1959) 
Service (1970) 



TAXONOMIC GROUP 
CAUGHT 

DIPrER.l 
Suborder Nl!1'1ATOCERA 
Family Culicidae 

(Adults) 

Family Culicidae 
(Larvae) 

Family 'f ipulidae 

Family Psychodidae 
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NAME OP TRAP 
(with specifications) 

American Model Light 
Trap (equipped with 
25 watt white inside 
frosted bulb 

Miniature Battery 
Operated Light Trap 
(Sudia & Chamberlain 
1962) 

Par~fin Lampe 

Betalight Trap 

Hungerford Subaquatic 
Light Trap 

New Jersey Light Trap 
Rothamated Trap 

Pennsylvania Insect 
Trap (equipped with 
black light 
fluorescent lamps) 
I' iniature Battery 
Operated Light 
Trap (Sudia & 
Chamberlain 1962) 

Family Chironomidae 
(Adults) New Jersey Light Trap 
(Larvae) Hungerford Subaquatic 

Light Trap 

Family Ceratopogonidae New Jersey Light 
Trap 

New Jereey Light Trap 
(equipped with tluor
eacent black light) 

AUTHOR(S) 

Loomis & Hanks 
(195,) 

Dow Coleman, 
Meadows & Work 

(1964) 

Service & Boorman 
(1965) 

Bertram, Varma 
Page & Heathcote 

(1970) 

Hungerford, 
Spangler & Walker 

(1955) 
Frost (1952) 
Pincbin & Anderaon 

(19~6) 

Froat 

Williama 

Frost 

(1958b) 

(1968) 

(1952) 

Hungerford, 
Spangler & Walker 

(1955) 

Kohler & Pox(l9il) 
Murrq (1957 
Service (1969 

Belton & Puoat 
(1967) 

Rowley & Jorgenaen 
(1967) 



TAXONOMIC GROUP 
CAUGHT 

DIP'l'ERA 
Suborder NBMATOCERA 
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NAME OF TRAP AUTHOR{S) 
(with s pecifications) 

Family Ceratopogonidae Ultraviolet Light 
Traps Kitaoka & Ito(l964 ) 

Family Simuliidae 

Suborder BRACHYCERA 

Zhogolev (1959) 
Rothamsted Light Trap Service (1969) 
Light Trap 
(unspecUied) 

New Jersey Light Trap 
Ultraviolet Light 
Trap 
Rothamsted Light 
Trap 

Messersmith 
Nielsen 
Frost 

Breyev 

(1965) 
(1963) 
(1952) 

(1963) 

Davies & Williams 
(1962) 

Williams & Davies 
(1957) 

Family Tabanidae New Jersey Light Trap Frost 
Mercury Vapour Light 

(1953b) 

(1964) Trap Corbet 
Suborder CYCLORRHAPHA 
Family Drosophilidae Ultraviolet Light 

Family Muscidae 

El'HEMEROPTERA 

SIPHONAPTERA 

Trap Frost (1958a) 
Ultraviolet Light 
Traps 
White Light Bulb 

Hunger!ord Subaquatic 

Deay & Taylor(l963) 
Buxton (1955) 

Light Trap Hungerford, 
Spangler & 
Walker (1955) 

Flea Trap Frost (1952) 



6. Trappin~ of Triatomid Bugs 

A great deal has been said concerning light traps for 

collecting insects generally, but at this stage the 

possibility of using light traps for catching Triatomid 

bugs in field situations should be considered. 

rhe limitations and eccentricities of light traps have 

been discussed in some detail but probably the collection 

of triatomid bugs presents the entomologist with even more 

real and difficult problems. The domestic species of 

triatomid, and certainly the most important epidemiologically, 

spend the greater part of their lives in cracks and fissures 

in the walls and roofs of primitive dwellings and animal 

habitations. From these dark sheltered places the bugs 

emerge only at intervals to take a blood mea1 and, having 

gorged, they return to these habitats. ..here housing 

conditions are primitive, where mud or adobe walls and 

thatch roof are used, conditions are ideal for the bugs. 

The bugs have therefore presented the entomologist and 

e p idemiologist with significant problems in terms of 

trapping and collecting methods. An important aim in the 

present epidemiological investigation of Chagas's disease 

in South America is to form ulate a means of .t"urnishing 

more quantitative data on relative bug densities inside 

houses so that the epidemiology of the disease can be 

more easily resolved. The epidemiologist requires 

sufficient and reliable quantitative data to interpret the 

relative importance and range of the disease. 'I·ha 

entomologist therefore needs to devise a su~table means 

of trap~ing and collecting the bug vectors so that he can 
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readily supply this important information. 

As yet no really satisfactory method for trap ping 

the bugs seems to have been designed. The methods 

available for collecting the bugs are also inadequate 

in many respects and very time-consuming. The bugs' 

sheltered habitat means they are extremely difficult to 

get at and the entomologist is confronted with an active 

searc h for the bug vectors during the day. One of the 

techniques presently employed involves blowing pyrethrum 

powder into the crevices of the bug habitat in the hope 

that the bugs are sufficiently irritated to cause them to 

emerge (Cancado, 1968). Pipkin (1968) in his 

investigation of domiciliary reduviid bugs in Panama 

emphasises the difficulties presented by daytime searches 

and concluded that pyrethrum dusts or aerosol insecticidal 

'bombs' used to flush out the bugs were relatively 

unproductive for Rhodnius pal1escens. Alternatively, 

perforated boxes may be attached to the walls of the 

dwelling which ultimately may trap any bugs that emerge 

voluntarily (Gomez Nunez, 1965). This is not particularly 

reliable as a trapping method although it is interesting 

to note that Pipkin (1966 ) finally ado pted night collections 

whe n the bugs either emerged voluntarily to obtain a blood 

meal or were sufficiently disturbed by the light shone 

into their crevice to cause their emergence. 

Clearly better sampling methods are warranted not only 

for epidemiolo gical purposes but also in vector control 

programmes where an indication of bug infestat ion can 
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ensure a more economic application of insecticides. 

Does light thererore present a useful prospect for 

trapping bugs? The answer to that seems to be reastiuring 

for there are references in the literature to various 

species of triatomid bug being attracted to a light source 

of some kind or another. Correa (1968) reports that 

sylvatic species of triatomid, commonly living in palms 

and other arboreal environments will sometimes enter 

lighted dwellings. Wood and Wood (1965) re port on the 

attraction of sylvatic species of Californian traitomid 

to roadways illuminated by mercury vapour street lamps. 

There is perhaps good reason to suppose that the triatomids 

invading the residential areas of southern California were 

ultimately attracted by the lighted dwellings (Wood, 19 51, 

1954). Special traps incorporating light as an attractant 

have been operated in order to catch bugs and have been 

fairly successrul. Wood and Anderson (1965) describe a 

procedure used to collect Triatoma p. protracta at a 

boys' camp in Los Angeles. A white sheet soiled with dirt 

to create a dull non-reflecting eurrace was nailed to a 

wooden frame and behind this was placed a 15 W fluorescent 

blue light having a wavelength peak of 4400 A. The bugs 

which were attracted to the sheet were collected by hand. 

There are also reports of triatomids being attracted to 

black light in outdoor traps (Ryckman et al., 1965; 

S jogren and Ryckman, 1966) . Ventocilla and ~ ilva (196~ ) 

have reported the finding of specimens of three species 

or blood-sucking assassin bugs, including 
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Panstrongylus megistus. in a black light trap which had 

been used to study the fluctuations in levels of insect 

population in a cocoa field of Itabuna, Bahia. 

Sjogren and Ryckman (1966) extended the objectives of 

their light-trapping to include determination of the period 

of £light activity, both daily and seasonal; aeses sment of 

the influence of various environmental and physiological 

factors on flight activity; and formulation of a light 

trap technique which could control inexpensively 

the kissing bug population causing annoyance to residents 

in California. 

More recently Bertram (1971a ) has reported on the 

diel rhythm of attraction of triatomid bug vectors of 

Chag as's disease to betalight. (Betalights are 

described in detail in the Techniques section of this 

thesis). Betalight, as a comparat i vely new light source, 

may have considerable potential in the field situation 

as an attractant which could be incorporated in a trap 

of suitable design. The investigation presented here 

has as its main aim a full consideration of factors 

lik ely to affect its e f ficient funct i oning if and when 

operative in fi e ld studies. Alternatively, betalight 

may play a considerable role in studies of bug res ponses 

to light in laboratory research. 



TECHNIQUES 

1. Laboratory culture of Triatomid bugs 

The bugs used during the course of this investigation 

were taken from the stock colony in the Department of 

Entomology of the London School of Hygiene and Tropical 

Medicine. The rearing techniques adopted for each species 

will be outlined briefly. 

(i) Rhodnius prolixus 

Adult bugs of Rhodnius prolixus are kept in large 

l lb jars• the tops of the jars being sealed with nylon 

gauze. Each jar is equipped with a piece of folded blotting 

paper. the latter providing a suitable surface on which the 

bugs can rest and, secondly, an absorbent for the aqueous 

excrement. Male and female bugs are kept in the same jar. 

All nymphal stages are kept in flat-bottomed glass 

tubes (5 cm. x 3 cm.), the tubes being sealed with nylon 

gauze. 

Adults and nymphs are given a blood meal once every 

two weeks from the ears of lop-eared rabbits. The rearing 

jars and tubes are attached to the ears of the rabbit and 

the contained bugs are thus enabled to obtain a blood meal 

simply by extension of the proboscis through the nylon 

gauze. Generally speaking, one blood meal is sufficient 

for each nymphal stage to moult through to the next, but 

the 5th stage nymphs may require a second blood meal to 

reach the adult stage. 

The insectary in which the Rhodnius prolixu■ colony is 

kept has the following environmental conditions: a 
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temperature of 26 ! 1•c. and a relative humidity 

approximating to 70%. 

These rearing techniques were used by Buxton and are 

described by him in his paper (Buxton, 1930). 

(ii) Triatoma maculata 

Fourth and 5th instar nymphs and adults of 

Triatoma maculata are kept in Kilner jars whose tops are 

sealed with screw-cap metal gauze lids. The jars contain 

folded pieces of blotting paper which not only serve to 

absorb excrement but also serve as a surface on which the 

bugs can rest. 

First, 2nd and 3rd instar nymphs are kept in flat

bottomed glass tubes (5 cm. x 3 cm.). 

The bugs are fed once every two weeks and in the case 

of the 1st, 2nd, and 3rd instar nymphs the blood meal is 

obtained from rabbits' ears whereas for the 4th's, 5th's, 

and adult stages the blood meal is taken from the general 

body surface of a guinea pig. 

The insectary in which these bugs are reared has a 

temperature of 28 ! o.5•c. and a relative humidity ranging 

from 40-60%. 

(iii) Triatoma infestans 

Rearing techniques are the same as those mentioned 

for Triatoma maculata. 

(iv) Triatoma ohYllosoma 

The method for supplying the blood meal is slightly 

different here. Prior to feeding the bugs are placed in 
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special Geigy cages. A Geigy cage used in this feeding 

procedure consists essentially of a rectangular wire 

framework covered over with nylon. These cages can be 

applied to restrained rabbits or guinea pigs. After the 

bugs have taken their blood meal the cages are laid flat 

on sheets of blotting paper so as to absorb the copious, 

largely aqueous, excrement produced shortly after feeding. 

The bugs are then removed from the Geigy cages and 

transferred back to Kilner jars. 

(v) Panstron5ylus me~istus 

Rearing techniques are the same as those already 

described for Triatoma maculata and Triatoma infestans. 

There are inevitable variations in the techniques 

adopted by various entomologists for maintaining colonies 

of Triatominae (Ryckman, 1952). However the techni ques 

described above have been successful and indeed have 

provided the author with sufficiently large numbers o! 

bugs for experimental work. 

Finally, it is important to note that the insectary in 

which the various experiment a l work was carried out was 

com pletely separate from the insectaries used for rearing 

of the coJonies. 



2. Betalight■• 

Betalight■ con■i■t essentially- ef ■mall sealed gla■a 

Te■ael■ which are filled with tritiua gaa. The Ye■eel■ are 

lined internally- with a coating ef pho■phor. The contained 

tritiua, a radioactiYe i■otope ef hy'drogen, on decay- emit■ 

beta-particle■ (high energy e1ectron■) which ■trike the 

internal coating ef phosphor. The beta-particle■ are ab■orbed 

by- the pho■pher, the pho■pher coating then emitting a 

centinuoua ■ubdued light. The light which 1■ produced 1■ in 

the T1■1ble region ef the ■pectrum but 1■ not readily

detectable in day-light er art~ficial illumination. 

The celour et the light emitted by- the betal.ight 1■ 

dependent en the pho■pher u■ed in the internal aeating. 

Betalight■ (■anufaatured by Saunder■ - Ree Dn-elepment■ 

Ltd., Haye■, Middle■ex) altheugh marketed new fer ■everal 

;year■, are perhap■ new finding a wider applioatien a■ ■ource■ 

ef law-level illWDinatien. The7 can be readil7 u■ed ta 

illuminate emergeno7 exit ■ign■ and ha.Te feund a u■eful 

applioatien in the illuainat~•n ef aircraft panel■• A■ a 

low-leTel light ■ouroe they 1noerporate a number ef 

advantage■; they- are a oe■pletel7 ■elf-pewered light ■ouroe, 

glowing oontinuou■ly, without need ef an external energy 

■euroe or any kind ef .aintenanoe. The7 are tetall7 reliable 

and are ■aid ta have a u■etul life ef eTer twenty year■• 

lnitiall7, betalighta aight appear expen■iTe but when 

bearing in ■ind the adyantagea ~u■t li■ted they- are in fact a 

o-paratiYely cheap light ■ouroe. Tritium 1■ un1'ortunatel7 

expen■ive and thi■ ef oeur■e aooeunt■ fer the greate■t part ef 



the c••t et any- betalight. HeweTer the manufacturer• de 

reoo-end that ~he in41T1dual talce care in hi• ■election 

en•urins that the light oho•en 1■ no bigger or brighter 

than that neceaaary for the job for which it 1• required. 

De•pite the expen■iven••• of the tritiua ga•, it wa• 

•elected fro■ a large nuaber of po■■ible radio-i•otope■ 

becau■e a• ■uoh it incorporate■ the be•t oo■bination of ■atety, 

oo•t, life and efficiency. 

Betalight• co■e 1.n a wide range of ahape•, ai■e■ and 

colour•• !he Tariou• •hape• include •traight tube•, ourYe•, 

41■o■ and •pherea, although the7 can be tailor-aade for the 

1nd1T1dual a• ~ar - gla■•blowing technique• will a.l.low. A 

wide range of colour• within the Ti•ible •peotrua are al•o 

aTailable but ~ortunately they cannot be produced at 

exactly the .... level• ot brightn•••• 

!he queation of brightn••• 1• an intere■ting one, for 

the brightne•• of a betalight 1■ determined b7 two factor•• 

!he apparent brightne•• of an.7 betalight to the hu■an e7e 

re■ult•, tir■tly, fro■ the actual betaflwc incident on the 

pho■phor ■urtaoe (thu• the total -ount of tritiua pre•ent 

in the gl••• vea■el 1• illportant) and •eoondl7, the wavelength. 

The betaflux incident will be dependent on the tritiu■/phoaphor 

ar@@ ratio, and the higher thi• ratio 1•, the greater will be 

the brightn••• of the betalight. A• aentioned preTiou•l7 the 

colour produced b7 the betalight will depend ulti■ately on the 

k1n4 of pho•phor u•e4. Colour• covering a wide ranee of the 

T1•1ble ■pectrua can be produced b7 the ■anutaoturer■, but 

green u4 yellow are widely u■ed ■ince th••• appear brighte•t 

to the h\111&11 •Y'•• !he eye 1• ■o■t •en•1tive to light in the 
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green and yellow region of the •pectrua and •en•itivity 

deorea••• in both the red and the blue. !hi■ phenomenon 

1• ■aid to aocount tor the apparent greater brightneee 

o~ the green and yellow region wa,releDgth•• The relative 

brightn••• of certain wavelength■ in the betalight range 

1• ■h<>Wll in the table below where .it Will be Hen that 

1.:t a bet&l.1.ght of any- given •1•• ha• a aaximua brightne■-

o~ 100 ■iorol-bert• in the green wavelength then a red light 

oz the •aae ■i■e can only have a brightne•• of 15 ■icrolaaberta. 

Colour Red Deep 
Orange 

Orange Yellow Green ~lue White 

Syabol R 

Dominant 
Wavelength 608 

mjl 

Relative 
Brightne■■ 15 

D 0 

592 586 

60 65 

y G B • 
570 540 473 

110 100 30 75 

The variou■ brightne■■e■ of the betalight■ ■anutactured 

are givea in ■iorolaabert■ {all aeaaure■ent■ refer to 

brightnea■, not total light, ■o the uait• are in laabert• not 

luaena) but approxi■ate converaion factor■ to other unit• are 

liated in the technio&l literature diatributed by the oompany. 

Xt i■ intere■tug to note in conneotion with the queation of 

brightne■■ that level• of brightne•• up to 4000 ■iorolambert ■ 

oaa be produced tor individual requirement■• 

A ■uitable olu■1f1cat1on ■y■t• tor the wide range of 

betalight ■ produced by the co■pany 1■ de■cribed in the 
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technical literature. There are ■everal parameter■ which 

define a betalight; firart, it ■ ■iae and ■hape, ■econd, it ■ 

oolou.r, and third, the brightne••• ~he type nuaber 

■peoification of a betal.ight 1■ therefore divided into 3 

■ectiona: 

■hape & ■i■e /colour/ brightnea■ 

A• an eltllllple, a betalight widely u■ed in the inve■tigation 

had the following type nuaber apecilication: 

S10/G/2000 

fhi■ imlediately give■ an indication of ■iae and ■hape, in 

thia ca■e ■pherioal, ■eoond, the oolour which 1■ green and 

third, the bright•••• which ia 2000 aicrolaaberta. 

Although betalight 1■ a rad1oaot1va light source there 

1■ no danger of any- external radiation becau■e the gla■■ 1■ 

1.mpervioua to tritium and ab■orb■ any of the beta-radiation 

which hu not already been ab■orbed by the lining of 

pho■phor. At the•-• tiae betalight■ have been deaigned to 

with■tand full ■ilitary and aircraft ■hook, they are non

incendive, and are unaffected by 1111Der■1on in oil, water or 

the majority of the oorroaive ■aterial■• They are therefore 

a totally reliable light ■ourae and the fact that they have 

been u■ed for the panel illu■ination of apaceoraft in the 

Apollo ■oon ■hot■ would ■ee■ to udicate that they will find 

a much wider application 1n the year■ to come. 
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3. Experimental Apparatus 
(a) Polythene choice chamber 

The polythene choice chamber was specially designed by 

Bertram and differs only slightly from that used in his 

original investigation (Bertram, 1971a). It consists of an 

opaque white polythene box (31 cm. x 20 cm. x 10 cm. deep) 

which forms the central chamber. The central chamber is 

covered with a removable lid which is kept in place 

throughout the experiment. The lid is specially constructed 

to include a clear perspex viewing screen which facilitates 

easy observation of the bugs, thereby obviating the need for 

continual removal of the polythene lid. The viewing screen 

has a central aperture (5 cm. diameter) which can be closed 

by means of a perspex flap (see Figures l, 2 and 3). 

At each end of the central chamber, in the mid-line, are 

attached two semi-transparent polythene bottles (6 cm. x 6 cm. 

x 13 cm.). An aperture (2 cm. diameter), big enough to allow 

the passage of bugs, connects the central chamber to the 

polythene bottle in each case. The connecting aperture is at 

a height or l cm. from the floor of the chamber. A short 

plasticine slope leads from the floor or the chamber to the 

aperture. The polythene bottles are attached in such a way 

that the mouth or the bottle is pointed vertically downwards. 

The mouth or the polythene bottle is connected to a small 

claar perspex container (7 cm. diameter, 6 cm. deep). The 

perspex container is easily screwed onto the polythene bottle. 

The bugs are thus able to pass from the central chamber into 

the polythene bottle and finally drop into the perspex 

container. The polythene bottles together with their perspex 

containers act as traps at either end or the apparatus. Once 
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Figur 2 . olythene Choic Chamber 

Figure 3 . olyth n Choic Chamber 
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the bugs have fallen into the trap, the perspex container 

can be unscrewed and the bugs easily removed from the trap. 

A betalight of any type number specification can be 

attached to one of the polythene bottles, thereby forming a 

betalight trap. The betalight is fixed with adhesive tape to 

a hole in the polythene bottle and is positioned so that it is 

in line with the aperture connecting the central chamber and 

the trap. The betalight, which glows continuously, therefore 

shines through the aperture into the central chamber. The 

polythene bottle at the opposite end of the chamber is 

without light (unless stated otherwise in the experiment 

described) and constitutes a control trap. 

The chamber is also equipped with a long perspex tube 

(5 cm. diameter, 16 cm. long) which can be inserted into the 

aperture of the viewing screen. The perspex tube reaches 

down to the floor of the central chamber. The bugs are 

introduced into the central chamber via the perspex tube, the 

contained bugs being unable to escape into the rest of the 

chamber. When all the bugs have been introduced the perspex 

tube is carefully removed from the central chamber, thereby 

releasing the bugs. A perspex flap attached to the viewing 

screen is positioned over the aperture in the screen, not only 

sealing off the chamber to prevent escape of bugs, but also 

keeping environmental conditions within the central chamber 

fairly constant. 

An Edney hygrometer and a mercury thermometer were 

attached to the upper part of the inner surface of the wall of 

the chamber so that environmental conditions could be noted 

and recorded where appropriate. 
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(b) Glass choice chamber 

The glass choice chamber consists of a long glass 

cylinder, 28 cm. long, with a diameter of 4 cm. The floor 

of the central chamber has a plaster of paris lining to a 

depth of 0.5 cm. The floor of the chamber has a total 

length of 20 cm. The plaster of paris lining provides a 

suitably flat surface to facilitate locomotion of the bugs. 

At each end of the appli~atus the floor of the chamber falls 

vertically into a lateral glass tube which leads directly 

into a small glass bottle. The glass bottle and the lateral 

glass tube have ground glass connections thereby 

facilitating easy removal of the glass bottles which 

constitute traps at either end of the chamber. 

On top of the choice chamber, half way along, is an 

aperture of 2 cm. diameter through which the bugs can be 

introduced into the apparatus. The chamber is equipped 

with a glass introduction cylinder and this is inserted 

into the aperture. The introduction cylinder reaches right 

down to the floor of the chamber. Bugs are introduced 

into the central chamber via the cylinder, the contained 

bugs being unable to escape into the rest of the chamber. 

When all the bugs have been introduced, the cylinder is 

carefully removed thereby releasing the bugs at a time 

convenient to the investigator. The chamber can then be 

sealed by means 0£ a rubber bung. 

A betalight was taped to one end of the apparatus, 

and this to~ether with the lateral glass tube and glass 

fall bottle constitute a betalight trap. The other 
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unilluminated end of the apparatus constitutes the control 

trap. 

To determine a diel rhythm of attraction to betalight 

in 1st and 2nd instar nymphs, the experimental procedure 

which has been outlined in a later section of the thesis was 

fo11owed. Essentially the procedure consisted of noting 

the total number of bugs which entered the betalight trap 

and control trap at hourly intervals. The bugs were then 

returned to the central chamber via the glass introduction 

cy1inder. 



66 

F 4 . less Cho~c Chamber 
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(c) Photoperiodic Entrainment Chamber 

A chamber !or t he photoperiodic entrainment 

of the bugs was a prerequisite for the investigation. 

Originally the author had to watch the bugs' behaviour 

over a 24 hour period in order to estimate the onset 

and duration ot attraction to the betalight source 

during this time (Andrewartha, 1972). Since a certain 

cycle of light and dark can govern the onset and duration 

or the general activity o! the bugs it seemed reasonable 

to "switch" the bugs' diel rhythm of activity so that it 

corresponded to a more convenient working schedule 

during the day instead or endless observations throughout 

the night. 

Pbotoperiodic entrainment was shown to be !easib1• 

and the bugs showed their greatest activity during the 

day (remembering that in the earlier investigation the 

peak of activity occurred in the early hours of the 

morning). 

The apparatus used tor the purpose ot photoperio4ic 

entrainment consisted of a large light-proot wooden box 

(2'6" x 2'6" x 2'6"). An atlas SW warm white strip light 

was placed inside the 1ight-proo! chamber, and this provided 

the bugs with their time-cue or zeitgeber. The light was 

connected to a Venner Auto Point time switch so that • 

carefully arranged cycle of light and dark could be set 

automatically. Generally, unless stated otherwise, 

following photoperiod was adopted1 a ecotophase ( 

period) trom 1300 1500 hours and a photophaae ( 

the 

or dark 

or light 

period) trom 1500 1300 hours, in all 2 hours or light 

and 22 hours ot darkness. 
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rhe chamber was kept in an underground insectary (at 

the London School of Hygiene and Tropical Medicine) in 

which the temperature and relative humidity were fairly 

constant. To maintain a fairly steady relative humidity 

within the chamber itself a larg e enamel tray was kept 

continuously filled to the brim with water. Continuous 

thermohygro graph records were k e pt and period ically 

checked against a mercury thermometer and whirling 

hygrometer. 

Bugs were kept in Kilner j a rs e quipped wi th special 

screw-cap metal gauze lids. A piece of blotting paper was 

placed inside the Kilner jar so as to absorb faecal 

material and at the same time to provide the bugs with a 

surface on which to rest. The Kilner jars, containing 

bugs ready for photoperiodic entrainment, were then 

placed inside the chamber. 

Special g lass racks, able to support several Kilner 

jars, were pla ced in the water-filled ena mel tray. The 

jars, positioned ove r the water tray, were therefore 

maintained in a warm environment with an equable relative 

humidity. The chamber was maintained at 27 ! 4"C. and 

85 ! 5~ relat ive humidity. At the same time the strip 

l ight, automatically controlled by a time switch, provided 

t he bugs with a time cue, or zeitgeber, in the form of 

definite cycles of 1 ight aud dark. The bugs were therefore 

photope r i odically entrained and so the onset and duration 

of their activity could b e gov e rned very precisely to 

suit the needs of the i nvest iga tor. 
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(d) Apparatus used to measure the diel pattern of activity 

of bu~s 

Daily rhythms of locomotor activity can be estimated by 

using a number of techniques (Cloudsley-Thompson, 1961). 

The simplest method is 0£ course that of direct observation 

of the insects but this is necessarily time-consuming and a 

serious disadvantage of this method results from the need 

to illuminate the insects during their scotophase. However, 

with more sophisticated techniques at the disposal of the 

entomologist, automated recording of insect activity has 

become possible. The instrumentation involved in automated 

recording of insect activity needs to meet two requirements: 

(1) the slightest movement of the insect needs to be 

detected and transduced into a recording system; 

(2) the activity patterns need to be recorded on a suitable 

time scale. 

These requirements are best met by an actograph which 

can be connected to a suitable recording device. In this 

investigation the actograph which was employed was very 

similar to that used by other investigators (e.g. Harker, 

1956) who have been looking at the behavioural activity 

patterns of various other insect groups. 

Essentially ao actog raph is no more than a light-weight 

cage which is delicately balanced on a knife edge. An 

insect is con£ined in the cage and any movements by the 

insect will cause the cage to move from side to side. The 

movements of the balanced cage o pen and close a mercury dip 

switch and the resulting making and breaking of contacts 

are recorded on either a kymograph or strip chart recorder. 
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In order to estimate the daily activity patterns cf 

triatomid bugs it was decided to set up an actograph. The 

actograph used here consisted simply of an oval-shaped 

cage. The cage was constructed from a light wire 

framework, the entire framework being covered over with 

nylon net. The use of these materials ensured a simple 

light-weight actograph cage. The whole cage was delicately 

balanced on a knife edge so that any movements by a bug 

contained within the cage caused the actograph to tip to 

one side or the other. Two small pieces of wire positioned 

diametrically at both ends of the actograph cage were so 

arranged that on tipping to one side or the other the wire 

would brush through a mercury dip switch. In this way, 

an electric circuit can be broken or completed according 

to the movements of the actograph cage. Recordings of 

activity were then made automatically by a special 

S ervoscribe Pen Recorder (manufactured by Smiths Industries) 

connected to the actograph. 

This method proved a reliable and successful means of 

determining the activity patterns of bugs for at the end of 

the observation period it was only necessary to examine the 

chart produced by the P'tn recorder to estimate the onset 

and duration of maximum activity. 
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(e) !PParatus used to determine the speed of locomotion 
in Triatomid bu@;!_ 

The apparatus used to determ i ne the s peed of locomotion 

in triatomid bugs was necessarily simple. It consisted of 

a long glass rectangular chamber, 5 cm. wide by 30 cm. 

long. The chamber had a depth of 12 cm. One end of the 

chamber was connected to a glass cylinder which bad a 

diameter of 9 cm. and a depth of 12 cm. The connecting 

aperture between the chamber and the cylinder was 2 cm. 

by~ cm. The other end of the chamber was completely 

closed off by a glass face with a width of 5 cm. and a 

h e ight of 12 cm. 

The floor of the chamber was covered with filter 

paper to assist locomotion of the bugs. A distance of 

22 cm. was arbitrarily marked out on the floor of the 

chamber so that the time taken for a bug to cover this 

distance could be noted and thence the speed of locomotion 

calcul ated. 
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(!) Wavelength Discrimination Chamber 

The design o! the Wavelength Discrimination Chamber 

used in this investigation was based on that used by 

Kimmins (1971) in his observations on wavelength 

preferences o! the Bark beetle. The apparatus consisted 

essentially o! a glass triangular Choice Chamber 

connected at its apex to a glass cylinder. The base 0£ 

the triangular Chamber had a length o! 26 cm. and the 

sides were ,7 cm. long. The Choice Chamber was connected 

to a glass cylinder which had a diameter o!? cm. The 

glass cylinder constituted the Releasing Chamber. The 

Choice Chamber and the Releasing Chamber had a depth ot 

12 cm. 

The connecting aperture between the Choice Chamber 

and the Releasing Chamber had a width o! ~cm.and a 

height o! 2 cm. 

Towards the basal end 0£ the triangular chamber were 

4 traps which contained the betalights. Each trap had a 

width 0£ 5 cm. and a length 0£ 8 cm. The aperture 

connecting the Choice Chamber and each Betalight Trap 

had a height ot 2 cm. and a width o! 1.5 cm. The traps 

were given numbers, 1-4, and betalights could be easily 

removed !rom one position to another (See !igure 5). 

This enabled a position change £or each betalight at 

hourly intervals thereby eliminating unnecessary bias on 

the part o! any one ot the traps. 

The entire apparatus was painted over with black 

designer■' acrylic gouache thereby ensuring that each 

Betalight Trap was completely light-proo! and at the same 

time providing a dull black non-re!lecting eur!ace. 
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RESULTS 

l. Response or different s p ecies and different stag~ 
Triatomid bug to betalights of various bri~htnesses 
and various wavelengthp 

(a) Introduction 

In an earlier investigation it was possible to demonstrate 

a diel rhythm of attraction to betalight in adult male and 

female Triatoma maculata (Andrewartha, 1972). The work in 

that study was limited to two types of betaligbt, namely 

S10/G/2000 and S10/R/360. However it has since been 

possible to go on and extend the range of the investigat ion 

to incorporate experiments which not only utilise betalights 

o! various brightnesses and various wavelengths but also to 

test the responsas of different stages and different s pecies 

of triatomid bug to these various kinds of betalight. 

The results are summarized in Table l. It can be seen 

from that table that five different s pecies of Triatomid 

bug were tested, namely: 

1. Rhodnius Erolixus Stal. 

2. Triatoma infestans (Klug) 

3. Triatoma maculata (Erichson) 

4. Triatoma Eh;tllosoma ( Stal) 

5. Panstrongylus me~istus (Burmeister) 

The response ot both adult male and female and different 

instar nymphs ot these species to the following betalights 

was tested: 
Green SlO/G/2000 (sphere) 
Green 0135/G/280 (cylinder) 
Red SlO/R/,60 (sphere) 
Red 0135/R/40 (cylinder) 
Blue Cl35/B/90 (cylinder) 
White 0135/W/200 (cylinder) 

Yellow ci,5/T/280 (cylinder) 
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(b) Experimental Insectary 

All experimental work in this investigation was carried 

out in an underground insectary in the Department of 

Entomology at the London School of Hygiene and Tropical 

Medicine. The ambient temperature within the iosectary 

could be rr.aintained at a fairly constant level thereby 

providing the required environmental conditions. Continuous 

thermohygrograph records were kept and periodically checked 

against a mercury thermometer and whirling hygrometer. The 

temperature in the insectary was generally maintained at 

27.0 ! 5.o•c. The relative humidity was 80 ! 10%. The 

insectary also furnished reliable light proof conditions 

which were warranted in this investigation. 

(c) Experimental Procedure 

A full description of the apparatus used here was 

given previously. In studying the response of adult 

males and females, 5th instar nymphs, 4th instar nymphs, 

and 3rd instar nymphs of triatomid bugs to various types 

0£ betalight, the Polythene Choice Chamber was used. For 

2nd and lat instar nymphs the Glass Choice Chamber was 

used. 

Before studying the phototactic responses of the bugs, 

all stages were kept in the Photoperiodic Entrainment 

Chamber for at least a week. In this way the onset and 

duration of the general activity 0£ the bugs could be 

governed very precisely to suit the needs of the investigator. 

Generally, unless stated otherwise, the following photoperiod 

was adopted: a scotophase from 1300-1500 hours and a 

photophase from 1500-1300 hours. If the bugs were not 
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being used :for an immediate experiment they were kept 

in the Photoperiodic Entrainment Chamber. 

The earlier investigation on Triatoma maculata 

(Andrewartha, 1972) had shown conclusively that only 

hungry bugs would show a reasonable response to betalight 

and so, where possible, bugs which had fed s ome weeks 

previously or had emerged some time previously but had 

not been :fed as adults were used in the following 

experiments. 

The experimental procedure was the same throughout. 

Using either the polythene cho i ce chamber or the glass 

choice chamber the total number o:f bugs attracted to a 

betalight source over a 24-hour observation period was 

noted. At each hourly observation a record was made or 
the total number o:f bugs which had entered the betalight 

trap and the control trap (if any). 

Each experiment was usually commenced at 0600 hours 

which was within the limits o:f the photophase that the 

bugs received in their photoperiodic entrainment. Since 

the bugs were subjected in their photoperiodic 

entrainment to light at 0600 hours it was possible to 

commence the experiment in an illuminated ins ectary. 

A total of 20 bugs (always 20, unless stated otherwise) 

was introduced into the central chamber of the 

polythene choice chamber via a perspex tube. The perspex 

tube reaches down to the floor of the central chamber so 

that on introducing the bugs they are not immediately 

released into the central chamber. The glass choice 

chamber also had a similar glass cylinder which 
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effectively contained the bugs and prevented their 

release into the central chamber before the experiment 

was commenced. 

The light in the insectary was then turned off and 

the insectary was maintained in total darkness throughout 

the run of the experiment. The perspex tube was removed 

from the central chamber, thus releasing the bugs. This 

marked the start of the experiment. 

At hourly intervals the choice chamber was examined 

and the total number of bugs which had entered the 

betalight trap and control trap during that period wae 

noted. Thie operation necessarily involTed using the dim 

light of a small torch. 

After noting the total number of bugs in each trap, any 

bugs which bad fallen into the traps were returned to the 

chamber. Thus for each hour a total of 20 bugs (unless 

stated otherwise) was available to be attracted to betaligbt. 

In analysing the data it was considered suitable to 

determine the total number of bugs which entered the 

betalight trap over a period of 3 hours. If 20 bugs are 

available in the chamber at each hourly interval, then for 

each 3-hour period a total of 60 bugs is available to be 

attracted to betalight. The percentage attraction to the 

betalight source for a 3-hour period can then be 

calculated and over a period of 24 hours the diel rhythm 

of attraction can be determined. 

In an earlier study 2~ hour observations were 

necessary since the bugs had been photoperiodically 

entrained with a scotophase from 1800-0900 hours and a 
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photophase from 0900-1800 hours. The bugs were 

therefore active during the night hours and early 

morning and in order to gain some idea of the diel 

rhythm or attraction to the light source, repeated 24-hour 

observations, adopting the experimental procedure just 

described, were necessary. However with the more 

convenient photoperiodic entrainment it was possible to 

start the experiment at 0600 hours and finish observations 

at 2200 hours. Although bugs would not be active and 

thus not respond to the light source after 2100 hours, 

they were left in the apparatus overnight. The control 

trap and betalight trap could then be checked the 

following morning to see whether any bugs had entered 

the traps. In nearly all cases the traps were empty 

and hence it was possible to conclude that the bugs 

had not been active and not responded to the betalight. 

(d) Results 

The detailed results are shown in the following 

tables and a summary of these is presented in Table l. 

The data indicate that in the five s pecies studied 

here there is a phototactic response to betalights 

of varied microlambert values and different spectral 

composition. Tables 2-16 also indicate a distinct 

diel rhythm in the bugs' attraction to a betalight 

source. Th6 diel rhythm or attraction to S10/G/2000 

in 3rd instar nymphs or Triatoma infestans is shown 

in figure 6. 

In general the environmental conditions in the 
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Iolythene Choice Chamber in each experiment presented 

in Tables 2-16 approximated to the following: 

Temperature 26.9•c. 
Relative humidity 70.0 ! 8.0% 

An interesting feature emerges from the mass of data 

presented in Tables 2-16. It will be remembered that 

the results relate to percentage attraction to betalights 

of varied brightness and wavelength not only in different 

s pecies and instars but also in an obviously diverse 

physiological group, e.g. bugs with a varied nutritional 

history. In all cases studied here the mean maximum 

percentage attraction to betalight was only 57.32~. 

This figure was obtained by checking each Table for the 

h ighest maximum percentage response to betalight and 

this yielded the following percentages: 

66.6 64-.7 70.1 
50.0 45.5 35 .8 
65.0 53.3 4 9 .1 
70.1 6 8 .0 55.4 
50.0 55.0 61.0 

A mean value was then calculated from these maxima. 

The mean figure of 57.32~ h a s particular r.!levance 

when considering the work of Kimmins (1971) who tested 

the phototactic responses of the Bark beetle. Kimmins, 

using a wavelength discrimination chamber similar to 

the one employed here (see f i gure 5), initially tested 

t he wavelength sensitivi ty of 200 beetles and found 

that 53% of theoe entered a t rap illuminated by ultra

v io let light, 24% went to one of the other 9 traps, and 

2 3% either moved back into the dark releasing chamber 
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or out into the central choice chamber or arena. Kimmins 

t hen tested the g roup of bugs which had not shown any 

response to light and found that the same response 

pattern emerged, namely 4?% to the ultraviolet, 35% 

to other wavelengths of light, 18% showing no response. 

In re-testing the beetles which had shown a response to 

the other wavelengths there was then found to be a 

consistent total group response to the ultra-violet light 

source, i.e. 48%, 49%, 5?% and 55% in four consecutive 

experiments. It is also interesting to note that 

Kimmins never obtained a 100% total response or a 100% 

total avoidance of ultra-violet even after re-testing 

the group which had originally responded to the ultra

violet. From this data, Kimmins therefore suggests, 

tentatively, that there is a relatively constant 

probability in the insect's response to ultra-violet, 

although he presents no conclusi ons as to the actual 

behavioural mechanism involved. Perhaps the mean figure 

of 5?.32% obtained in this study in some way fits in 

with Kimmins' theory of a constant probability in the 

insect's response to light. Furthermore the f a ct t hat 

Kimmins never obtained a 100~ res ponse in all his 

experiments suggests that in a laboratory s i tuation, at 

least, the maximum response to a l ight source will 

never exceed a value o~ approximately 70,, beari n g in 

mind that 70-75% was the maximum total response obtained 

in this study. It would indeed be inte resting to know 
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whether the constant probability of response to a light 

source, i.e. in the range of 50-70%, has significance 

in the field. If so, it will need to be considered as an 

integral factor likely to influence light trap catches. 

Finally, the question of sensory adaptation to the 

light stimulus will be considered in the Discussion in 

the context of other experiments carried out in this 

investigation. 
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TABLE 2 

Percentage Attraction to Betalights of dif'!erent 
E:!,p;htnesses and dif'!erent wavelen~ths 

Toodnius prolixus Adult males 

Green Blue ,-ihite Red 
cylinder cylinder cylinder cylinder 

Time Cl35/G/260 Cl35/B/90 0135/W/200 Cl35/R/40 
0700-1000 5.0 3.3 5.0 1.6 
1000-1300 33.3 31.6 40.0 18.3 
1300-1600 30.0 31.6 26.6 20.0 
1600-1900 28.3 20.0 16.6 16.6 
1900-2200 ~-0 8.3 5.0 5.0 
2200-0100 o.o o.o o.o o.o 
0100-0400 o.o o.o o.o o.o 
0400-0700 o.o o.o o.o o.o 

Green Yellow Red 
sphere cylinder sphere 
S10/G/2000 Cl35/Y/280 S10/R/360 

0700-1000 3.0 5.2 2.4 

1000-1300 16.6 29.8 21.4 

1300-1600 66.6 22.8 35.7 

1600-1900 50.0 15-7 16.6 

1900-2200 30.0 1.7 2.4 

2200-0100 o.o o.o o.o 
0100-0400 o.o o.o o.o 
0400-0700 o.o o.o o.o 
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TABLE 3 

Percentage Attraction to Betalights 0£ di££erent 
m_ghtnesses and different wavelengths 

Rhodnius 12rolixus Adult females 

Blue Green Yellow Red 
cylinder sphere cylinder cylinder 

Time Cl35/B/90 S10/G/2000 Cl35/Y/280 Cl35/R/40 
0700-1000 10.0 7.4 1.9 3.3 
1000-1300 43.3 56.6 64.7 40.0 
1300-1600 46.6 63.3 52.9 28.3 
1600-1900 30.0 26.6 43.1 20.0 
1900-2200 1.0 3.0 9.8 5.0 
2200-0100 o.o o.o o.o o.o 
0100-0400 o.o o.o o.o o.o 
0400-0700 o.o o.o o.o o.o 

Green White Red 
cylinder cylinder sphere 
Cl35/G/280 Cl.35/W/200 Sl.0/R/360 

0700-1000 5.0 3.9 2.2 
1000-1300 13.3 21.5 8 .8 
1300-1600 30.0 23.7 20.0 
1600-l.900 26.6 13.7 46.6 
1900-2200 1.6 1.9 4.4 
2200-0100 o.o o.o o.o 
0100-0400 o.o o.o o.o 
0400-0700 o.o o.o o.o 
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TABLE 4. 

f~r~entage Attraction to Betali~Jits of 
EE,ghtnesses and different wavelengths 

Rhodnius prolixus 5th instar nymphs 

Blue Green Red 
cylinder sphere cylinder 
0135/B/90 S10/G/2000 0135/R/40 

Time B.T. C.T. B.T. C.T. B.T. C.T. 

0700-1000 1 0 4 0 0 0 
1000-1300 18 2 36 4 8 3 
1300-1600 34 5 61 5 21 4 
1600-1900 20 ? 51 7 29 3 
1900-2200 2 0 24 3 8 3 
2200-0100 0 0 0 0 0 0 
0100-0400 0 0 0 0 0 0 
0400-0700 0 0 0 0 0 0 

Totals 75 14 176 19 66 13 

Percentage Percentage Percentage 
Attraction Attraction Attraction 

0700-1000 1.0 4.5 o.o 
1000-1300 19.3 41.3 14.3 
1300-1600 36.5 70.1 36.8 
1600-1900 21.4 57.6 50.9 
1900-2200 2.1 27.5 14.3 
2200-0100 o.o o.o o.o 
0100-0400 o.o o.o o.o 
0400-0700 o.o o.o o.o 

Abbreviations: B.T •• Betalight Trap 
c.T •• Control Trap 

different 

white 
cylinder 
0135/W/200 
B.T. C.T. 

0 0 

7 0 
12 0 
18 1 

3 0 

0 0 

0 0 

0 0 

40 1 

Percentage 
Attraction 

o.o 
12.2 
21.5 
31.5 
5.2 
o.o 
o.o 
o.o 
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TABLE 5 

Percentage Attraction to betali~hts of different 

brightnesses and different wavelen~ths 

Rhodnius prolixus 4th instar nymphs 

Red Yellow Blue Green 
cylinder cylinder cylinder sphere 

Time Cl35/R/40 Cl35/Y/280 Cl35/B/90 S10/G/2000 

0700-1000 1.6 3.3 1.6 3.3 

1000-1300 21.6 13.3 20.0 15.0 

1300-1600 30.0 21.6 20.0 20.0 

1600-1900 10.0 8.3 25.0 15.0 

1900-2200 5.0 3.3 1.6 l.6 

2200-0100 o.o o.o o.o o.o 
0100-0400 o.o o.o o.o o.o 
0400-0700 o.o o.o o.o o.o 

Rhodnius prolixus 3rd instar nymphs 

Green Red 
sphere sphere 

Time S10/G/2000 S10/R/360 

0700-1000 15.4 4.1 

1000-1300 50.0 20.8 

1300-1600 40.4 25.0 

1600-1900 33.3 4.1 

1900-2200 o.o o.o 
2200-0100 o.o o.o 
0100-0400 o.o o.o 
0400-0700 o.o o.o 
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TABLE 6 

Percentage Attraction to Betalights of different 

brif5htn••••• and ditterent wavelengthe 

Rhodnius prolixus 2nd instar nymphs 

Time Blue cylinder 
Cl35/B/90 

0700-1000 o.o 
1000-1.,00 22. 0 
noo-1600 23.3 
1600-1900 18. 6 
1900-2200 6.0 
2200-0100 1.3 
0100-0400 o.o 
0400-0700 o.o 

Rhodnius prolixua let instar n;y11phs 

Time Green sphere Red sphere 
S10/G/2000 S10/R/360 

0700-1000 9.5 5.3 
1000-1300 45.5 33.3 
1300-1600 32.6 23.3 
1600-1900 1.7.0 11.3 
1900- 2200 2.7 1.3 
2200-0100 o.o o.o 
0100-0400 o.o o.o 

04QP-O?OO o.o o.o 
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TABLE 7 

Percentage Attraction to Betali~bts of different 

brightnesses and different wavelen~tbs 

Triatoma infestans Adult females 

Blue Yellow Red Green 
cylinder cylinder cylinder cylinder 

Time Cl35/B/90 Cl35/Y/280 Cl35/R/40 C135/G/280 

0700-1000 5.1 5.1 3.3 3.3 

1000-1300 23.0 30.7 20.0 16.6 

1300-1600 35.8 28.l 26.6 16.6 

1600-1900 23.0 12.8 13.3 10.0 

1900-2200 2.5 5.1 3.3 3.3 
2200-0100 o.o o.o o.o o.o 
0100-0400 o.o o.o o.o o.o 
0400-0700 o.o o.o o.o o.o 



TABLE 8 

Percentage Attraction to betalights of different 

brightnesses and different wavelengths 

Triatoma infestans 5th instar nymphs 

Blue Yellow Green Red 
cylinder cylinder sphere cylinder 

Time Cl.35/B/90 Cl35/Y/280 S10/G/2000 Cl35/R/40 

0700-1000 .3 • .3 1.6 1..6 o.o 
1000-1.300 40.0 28-3 ,36.6 8 • .3 
1300-1600 41.6 31.6 65.0 16. 6 
1600-1900 21.6 .30.0 1.8. 3 2.3. 3 
1900-2200 3 • .3 3.3 1.6 5.0 
2200-0100 o.o o.o o.o o.o 
0100-0400 o.o o.o o.o o.o 
0400-0?00 o.o o.o o.o o.o 
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TABLE 9 

Percenta~e Attraction to betali~hts of different 

brightnesses and different wavelen~tha 

Triatoma infestans 4th instar nymphs 

Blue Red White Yellow 
cylinder cylinder cylinder cylinder 

Time 0135/B/90 0135/R/40 Cl35/W/200 0135/Y/280 

0700-1000 2.2 o.o 2.2 o.o 
1000-1300 13.3 4.4 20.0 13.3 
1300-1600 46.6 15.5 53.3 42.2 
1600-1900 35.5 8.8 33d 31.1 

1900-2200 15.5 2.2 4.4 2.2 
2200-0100 4.4 o.o o.o 0.0 

0100-0400 o.o o.o o.o o.o 
0400-0?00 o.o o.o o.o o.o 

Green 
sphere 
S10/G/2000 

0700-1000 3.3 
1000-1300 48.3 
15()0-1600 35.0 
1600-1900 28.3 
1900-2200 11.6 

2200-0100 o.o 
0100-0400 o.o 
0400-0?00 o.o 

I I 
i 
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TABLE 10 

Percentage Attraction to Betalights of different 
brightnesses and di!rerent waveleni,:thA 

Triatoma in!estane 3rd instar nymphs 

Green Blue Red 
Sphere Cylinder Cylinder 

TIME SlO/G/2000 Cl35/B/90 Cl.35/R/40 

0700-1000 3.5 1.6 o.o 
1000-1300 26.3 l.8. 3 a.3 
1300-1600 28.7 20.0 15.0 
1600-1900 49.l. 33.3 11.6 
1900-2200 7.0 1.6 3.3 
2200-0100 o.o o.o o.o 
0100-0400 o.o o.o o.o 
0400-0?00 o.o o.o o.o 

Triatoma infest ans 2nd instar nymphs 

Red Green 
Sphere Cylinder 

TIME Sl.0/R/360 Cl.35/G/280 

0700-1000 5.0 3.3 
1000-1300 46.6 40.0 

1300-1600 25.0 28.3 

1600-1900 26.6 33.3 
1900-2200 8. 3 11.6 

2200-01.00 o.o o.o 
0100-0400 o.o o.o 
0400-0700 o.o o.o 

'! 



TABLE 11 

Percentage Attraction to Betalill:hts of different 
brightnesses and different wavelengths 

Triatoma maculata Adult males 

Green Red Blue Red 
Sphere Sphere Cylinder Cylinder 

Time S10/G/2000 SlO/R/360 0135/B/90 Cl35/R/40 
0700-1000 7.8 3.0 8 .4 3. 3 
1000-1300 70.1 30.3 50.4 39.8 
1300-1600 42.8 16 .? 39.3 27 .2 
1600-1900 15.4 7.8 20.0 19 .0 
1900-2200 3.4 2.0 1.4 4.2 
2200-0100 o.o o.o o.o o.o 
0100-0400 o.o o.o o.o o.o 
0400-0700 o.o o.o o.o o.o 

Yellow Green 
Cylinder Cylinder 

Time Cl.35/Y/280 Cl.35/G/280 

0700-1000 1.2 4.9 

1000-1300 60.2 15.3 
1300-1600 51.0 35.5 
1600-1900 39 ■ ? 28.2 

1900-2200 10.0 2.0 

2200-0100 o.o o.o 
0100-0400 o.o o.o 
0400-0700 o.o o.o 
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TABLE 12 

Percentage Attraction to betalights of different 

brightnesses and different wavelengths 

Triatoma maculata adult females 

Green Red 
sphere sphere 

Time S10/G/2000 S10/R/360 

0700-1000 o.o o.o 
1000-1300 14 .2 13.0 

1300-1600 68.0 25.l 

1600-1900 26.6 16.0 

1900-2200 i:,.o 6.4 

2200-0100 4.0 5.0 

0100-0400 o.o o.o 
0400-0?00 o.o o.o 
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TABLE 13 

Percenta5e Attraction to betalights of different 

brightnesses and different wavelengths 

Triatoma rnaculata 4th instar nymphs 

White Yellow Green 
cylinder cylinder sphere 

Time 0135/W/200 0135/Y/280 S10/G/2000 

0700-1000 2.2 2.2 o.o 
1000-1300 20.0 13. 3 23.4 

1300-1600 51.1 51.1 55.4 

1600-1900 28.8 24.4 15.8 

1900-2200 4.4 2.2 6 .2 

2200-0100 o.o o.o o.o 
0100-0400 o.o o.o o.o 
0400-0?00 o.o o.o o.o 
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TABLE 14 

Percentage Attraction to betali~hts of different 

brightnesses and different wavelen~ths 

Triatoma maculata 3rd instar nymphs 

Green Blue Red 
sphere cylinder cylinder 

Time S10/G/2000 Cl35/B/90 Cl35/R/40 

0700-1000 3. 9 a.3 5.0 

1000-1300 l?.6 33.3 31.6 

1300-1600 49.0 30.0 26.6 

1600-1900 29.4 13.3 26.6 

1900-2200 3.9 6.6 13. 3 

2200-0100 o.o o.o o.o 
0100-0400 o.o o.o o.o 
0400-0700 o.o o.o o.o 

Triatoma maculata 2nd instar nymphs 

Green Red 
sphere sphere 

Time S10/G/2000 S10/R/360 

0700-1000 5.0 1.3 

1000-1300 50.0 18.0 

1300-1600 25.0 13.4 

1600-1900 16.6 6.5 

1900-2200 5.0 1. 3 

2200-0100 o.o o.o 
0100- 0400 o.o o.o 
0400-0700 o.o o.o 
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TABLE 15 

Percentage Attraction to Betali~ts of different 
brightnesses and different wavelengths 

Triatoma phyllosoma 5th instar nymphs 

Green Blue Yellow Red 
Sphere Cylinder Cylinder Sphere 

Time S10/G/2000 Cl35/B/90 Cl35/T/280 S10/R/360 

0700-1000 1.6 o.o 1.6 a.a 
1000-1300 30.0 33.3 38-3 13.3 
1300-1600 46.6 55.0 51.6 28.3 
1600-1900 20.0 23.3 20.0 16.6 
1900-2200 a.3 10.0 10.0 11.6 
2200-0100 1.6 1.6 1.6 3.3 
0100-0400 o.o o.o o.o o.o 
0400-0700 o.o o.o o.o o.o 

TABLE 16 

Percenta~e Attraction to Betalights of different 

brightnesses and different wavelengths 

Panstron£5Zlus me5istus Adult lllBU.8B 

Green Blue Green Yellow 
Sphere Cylinder Cylinder Cylinder 

Time S10/G/2000 C135/B/ 90 Cl35/G/280 Cl35/Y/280 

0700-1000 3.3 6.6 3. 3 3 . 3 

1000-1:300 26.6 31.6 40.0 35.0 

1300-1600 58.3 61.6 55 .0 50.0 

1600-1900 48.3 4 3 .3 48., 26.6 

1900-2200 25.0 28.3 16.6 35 .0 

2200-0100 3. 3 o.o 1. 6 1.6 

0100-0400 o.o o.o o.o o.o 
0400-0700 o.o o.o o.o o.o 
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2. Brightness as a factor determining the magnitude of 
response to a betali~ht source 

(i) Introduction 

Betalights are not only manufactured in a variety of 

different colours but also a range of different 

brightnesses. As stated previously the brightness of any 

given betalight is determined by the amount of contained 

tritiW11. The brightness of a betalight is given in 

microlamberts but approximate conversion factors to other 

units are given below: 

l lambert • l 

7t 10-4 nits 

296 cd ft-2 

929 foot-lamberts 
1 

TI 

10 4 

stilb 

apostilb 

It is important to note that all brightnesses as 

quoted in the technical literature provided by the 

manufacturing company are average values and are subject, 

in manufacture, to variations which are usually within 

It is also important to remember that the 

microlambert units quoted in the technical literature are 

estimated on the basis of human optic sensitivity. This 

does not therefore necessarily equate to the 

brightnesses as seen by other animals, in this case triatomid 

bugs. 

Nevertheless, in the experiments described below it 

will be seen that the brightness of the betalight _source 
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is an important factor and will determine the magnitude of 

the bug's response. Even though the bri ghtnesses of the 

betalights used here have been measured according to the 

sensitivity of the human eye, this factor still a ppears to 

have relevance for triatomid bugs since betalights of 

hi gher microlambert values attract a significantly larger 

number of bugs. This does ind icate that arthropods can 

differentiate varied intensities of light measured on the 

microlambert scale. 

(ii) The sensitivity of let instar nvmphs of Rbodnius 

prolixus to ~reen betali5hts of different brightnesses 

The responses of 1st instar nymphs of Rhodnius prolixus 

to betalight were tested in a glass choice chamber. The 

choice chamber was equipped with two lights, a green 

spherical betalight of 2000 microlamberts at one end, and, 

simultaneously, at the other a green strip betalight of 

280 microlamberts. The strip betalight, Cl35/G/2BO, was 

taped over with black adhesive so that the total surface 

area of light presented by the two betalights was exactly 

the same. 

After hatching from the e gg , the nymphs were starved 

for a period of 25 days before running the experiment. The 

b ugs• responses to the two betali ghts were observed over a 

period of 24 hours by noting the total number of bugs 

f alling into the two trap s at e i ther end of the glass choice 

chamber. The experiment was carried out on thre e occasions, 

each experiment consisting of twenty bugs. 

The temperature and relative humidity within the choice 

chamber could not be measur ed a n d so it must be assumed 
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that these two environmental factors approximated to the 

ambient of the insectary. 

The results are presented in Table 17. The stronger 

brightness attracted a mean catch of 55% at a peak between 

1300 hours and 1600 hours, trapping before and after the 

peak being less at all times. The range of attraction in 

the three experiments for the peak period was 50% to 60%. 

The betali ght of lesser bri ghtness, 280 microlamberts, 

always yielded a lower catch. The catch attained a peak of 

19.9% between 1300 hours and 1600 hours, the replicate range 

being 18.3% to 21.6~. 

TABLE 17 

The sensitivity of 1st instar n:ymphe of R. prolixus 

to green betaligbts of different brightnesses 

Percentage Percentage 
attraction to attraction to 

Time S10/G/2000 Mean Cl35/G/280 Mean 

0700-1000 3.3 1.6 5.0 3.3 0 1.6 1.6 1.1 
1000-1300 43.3 48.3 48.3 46.6 21.6 20.0 1 5 .0 18. 8 
1300-1600 50.0 60.0 55.0 55.0 20.0 18.3 21. 6 19 .9 
1600-1900 10.0 1::;. 3 13 .3 12.2 6.6 5.0 8 .3 6.6 
1900-2200 3. 3 3.3 3.3 3.3 1.6 0 1.6 1.1 
2200-0 100 0 0 0 0 0 0 0 0 
0100-0400 0 0 0 0 0 0 0 0 
0400-0?00 0 0 0 0 0 0 0 0 

(111) The influence of the factor of brightness in the 
response o! 3rd instar nymphs of Triatoma maculata 
to green betaligbt 

The responses of 3rd instar nymphs of Triatoma maculata 

to betalight were tested in a polythene choice chamber. 

The bugs, as before, had bee n s ubjected to a photoperiodic 

entrainment with a s cotophas e f rom 1300 hours to 1 500 hours. 

The bugs had been post-emergence starved for 26 days. The 



experimental procedure outlined above was adopted here. 

The results are tabulated below. 

TABLE 18 

The sensit1vity 0£ 2rd instar n:vm£hS of T. maculata 
to g;reen betalights of diffe~ent bri,;wtnessee 

Percentage Percentage 
attraction to attraction to 

Time S10/G/2000 Mean Cl35/G/280 Mean 

0700-1000 1.6 0 3.3 1.6 1.6 3.3 1.6 2.1 
1000-1300 40.0 40.0 41.6 40.5 18 .3 20.0 21.6 19.9 
1300-1600 50.0 5:,.3 50.0 51.1 26.6 25.0 26.6 26.0 
1600-1900 11.6 13.3 13.3 12.7 6.6 8.3 5.0 6.6 
1900-2200 3. 3 5.0 6.6 4.9 1.6 3.3 1.6 2.1 
2200-0100 0 0 0 0 0 0 0 0 
0100-0400 0 0 0 0 0 0 0 0 
0400-0700 0 0 0 0 0 0 0 0 
Total 24 
hour catch 64 67 69 33 36 34 

A similar result wae obtained for 3rd instar T. maculata. 

The catch in the 2000 microlambert betalight trap ranged 

from 40% to 53.3~ between 1000 hours and 1600 hours, 

whereas over the same period a catch ranging from only 

18.3% to 26.6% was achieved with the 280 microlambert green 

betalight. 

(iv) The sensitivity o! adult females of Triatoma infestans 
to green betalights of different brightnesses 

A polythene choice chamber was used to test the 

phototactic responses of adult female Triatoma infestans. 

The experimental procedure adopted in the previous 

experiments was followed here. The bug s were post-emergence 

starved for 25 days. The results are shown in Table 19. 

l'he results are shown graphically in Figure 7• The 

stronger brightness (2000 microlomberts) attracted a mean 

catch 0£ 51.6~, at a peak between 1600 and 1 900 hours, the 



experimental procedure outlined above was adopted here. 

The results are tabulated below. 

TABLE 18 

Thi ~en§itivit~ of 2rd instar nvmuhs of T. maculata 

to i:g;:!i!en betalights of different brightnesses 

Percentage Percentage 
attraction to attraction to 

Time S10/G/2000 Mean C135/G/280 Mean 

0700-1000 1.6 0 3.3 1.6 1.6 3.3 1.6 2.1 
1000-1300 40.0 40.0 41.6 40.5 18. 3 20.0 21.6 19 .9 
1300-1600 50.0 53.3 50.0 51.1 26 .6 25.0 26.6 26.0 
1600-1900 11.6 13.3 13.3 12.7 6.6 a.3 5.0 6.6 
1900-2200 3.3 5.0 6.6 4.9 1.6 3-3 1.6 2.1 
2200-0100 0 0 0 0 0 0 0 0 
0100-0400 0 0 0 0 0 0 0 0 
0400-0700 0 0 0 0 0 0 0 0 

Total 24 
hour catch 64 67 69 33 36 34 

A similar result was ob tained for 3rd instar ~- maculata. 

The catch in the 2000 microlambert betalight trap ranged 

from 40% to 53.3% between 1000 hours and 1600 hours, 

whereas over the same period a catch ranging from only 

18.3% to 26.6% was achieved with the 280 microlambert green 

betalight. 

(iv) The sensitivitv of adult females of Triatoma infestans 
to ~reen betali~hts of different bri5htnesses 

A polythene choice chamber was used to teat the 

phototactic responses of adult female Triatoma infestans. 

The experimental procedure adopted in the previous 

experiments was followed here. The bugs were post-emergence 

starved for 25 days. The results are shown in Table 19. 

'!'he results are shown graphically in l<,igure 7. :rhe 

stronger brightness (2000 microlamberts) attracted a mean 

catch of 51.61· at a peak between 1600 and 1900 hours, the 
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range of attraction in the repl.icates being 50% to 53.3~ . 

The weaker brightness (280 microlamberts) yiel.ded a peak 

catch of 23.8%, the replicate range being 21.6% to 25%. 

TABLE 19 
The sensitivity or adult females of T. infestans 

to green betalights of different bri3htnesses 

Percentage Percentage 
attraction to attraction to 

Time S10/G/2000 Mean Cl.35/G/280 

0700-1.000 3. 3 5.0 5.0 4.4 3.3 5.0 5.0 
1000-1300 26.6 28.3 .30.0 28 • .3 .3. 3 6.6 5.0 
1300-1600 40.0 40.0 43 • .3 41..1. 1.5.0 16.6 16.6 
1600-1900 51.6 50.0 5.3 • .3 51..6 21.6 25.0 25.0 
1900-2200 26.6 28.3 .31.6 28.8 1.8 • .3 20.0 2.3. 3 
2200-0100 0 0 0 0 0 1.6 3 • .3 
0100-0400 0 0 0 0 0 0 0 
0400-0700 0 0 0 0 0 0 0 
Total 24 
hour catch 89 91 98 37 45 47 

Mean 

4.4 
4.9 

16.0 
23.8 
20.5 
1.6 
0 
0 

The results indicate the greater brightness of betalight, 

in the range tested, increased the phototactic responses of 

bugs . Hinde (1966) has ex~lained the greater response by 

organisms to stimuli of h igh intensity on the basis of two 

physiological observations. First, a higher stimulus 

intensity results in the excitation of a higher proportion 

of the fibres leaving the sense organ. Second, there 

a ppears to be a relationship between stimulus intensity 

and nerve impulse frequency. 

It is suggested that no matter what colour is used in 

the betalight range, a betalight of higher microlambert 

val.ue is recommended for use in the field. This 

generalization might hol.d true not only for different 

species but also d ifferent ins tars. 
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3. The sensitivity ot triatomid bugs to betalights or 
different colours 

(1) Introduction 

The importance of brightness in determining the 

levels of phototactic response has already been studied 

and the aim of the following experiments is to assess 

how important colour sensitivity might be in the response 

of triatomid bugs to a betalight source. Investigations 

of spectral sensitivity can be quite complex, for 

example Snow's study (1971) of the spectral sensitivity 

or Aedes aegypti (L.) at oviposition, and, as such, can 

constitute a study in their own right. The investigation 

presented here was no more than a simple assessment of 

the way in which different coloured betalights can 

inrluence the phototactic response of triatomid bugs. 

Further studies along this line are certainly warranted 

and the following preliminary findings are presented as 

a guide line. 

(ii) "''l• Aensit:1.vitv of adult female Triatoma infestans 
to betalill':hts or difrerent colours 

Colour sensitivity in adult female Triatoma infestans 

was studied using the wavelength discrimination chamber 

described previously. The four betalight traps in the 

chamber were each equipped with a betalight of a 

dirrerent wavelength or colour. The following betalights 

were used: 
Serial number 

0135/G/280 
0135/Y/280 
0135/R/40 
0135/B/90 

Colour 

Green 
Yellow 
Red 
Blue 

Brightness in 
microlamberte 

280 
280 

40 
90 
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The following dimensions apply to each of the betalights 

used in this study. All cylinders had an overall length 

of 105 mm. The actual illuminated length equalled 99 mm. 

The diameter and bore of each cylinder equalled 7.25 mm. 

and 5.0 mm. respectively. 

It will be seen from the information above that the 

betalights used were not of equal microlambert values. 

Ideally, all betalights should have been of 280 

microlamberts. This difference in microlambert value 

prevents a proper analysis of spectral sensitivity in 

triatomid bugs. It is not possible, unfortunately, to 

obtain specially made betalights from the manufacturers 

to suit the requirements of a spectral sensitivity study. 

Furthermore, as mentioned previously, levels of 

brightness in betalights are subject to inevitable 

variations in manufacture. On that basis therefore, the 

betalights used here had to suffice and the results 

obtained are discussed in the context of these anomalies. 

The experimental procedure was essentially simple 

and consisted of noting the total number of bugs entering 

the four traps at ~ach hour. Twenty adult female 

Triatoma infestans were placed in the releasing chamber. 

After release, the number of bugs in each trap was noted 

for the hour, and the twenty bugs were then returned to 

the releasing chamber. A total of twenty bugs was 

available to be attracted to each betalight at each 

hourly interval. The phototactic behaviour of the twenty 

bugs was studied over a 16 hour period, the experiment 

started at 0800 hours and completed at 2~00 hours. 



The bugs had been fed 22 days before the first experiment 

was run and had been subjected to a scotopbase from 

1300 hours to 1500 hours in their photoperiodic entrainment. 

In order to obviate any bias on the part ot any trap 

in the chamber, the position of each betalight was 

changed at each hour so that, for example, the red 

betalight 1 0135/ R/40 1 would be positioned to occupy trap 

numbers 2, 1, 4 and 3 at each four hour observation period. 

The change in betalight position over a four hour period 

is shown below: 

trap trap trap trap 
number number number number 

1 2 3 4 

Hours 1 green red yellow blue 
2 red yellow blue green 
3 yellow blue green red 
4 blue green red yellow 

This procedure was adopted in the three subsequent 

four hour periods. 

The experiment was run over a period ot 5 days 

during which time the environmental conditions in the 

wavelength discrimination chamber approximated to the 

following: temperature 26.9"C. and relative humidity 70%. 

The results are shown in Table 20 and Figure 8. 

The total number of bugs responding to each betalight 

was noted after each 16 hour experiment and a mean value 

was obtained from the five experiments, i.e. 

53.2 (range 51 to 58) for 0135/G/280, 13.2 (range 11 to 17) 

tor 0135/R/40, 18.0 (range 17 to 20) for 01 35/Y/280, 

and 66.0 (range 63 to 75 ) for 0135/B/90. 

A comparative ratio of response was calculated tor 

each betal ight type on the basis or these mean valueas 



Betalight 
serial number 

Cl35/B/90 
Cl35/G/280 
0135/Y/280 
Cl35/R/40 
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Response expressed 
as a ratio 

1.000 
0.806 
0.272 
0.200 

There is a clear indication from these results that 

colour may indeed be an important factor likely to influence 

the attraction of triatomid bugs to betalight traps. There 

ist on the basis of the five experiments, a greater 

sensitivity to the blue betalight (90 microlamberts). 

decreasing from green (280 microlamberte) to yellow (280 

microlamberts) to red (40 microlamberts). It is not 

possible to state categorically that triatomid bugs do 

in fact possess the ability to discriminate between 

different wavelength bands and that they therefore 

manifest some level of spectral sensitivity. This will 

only be possible if and when a more precise evaluation 

of wavelength discrimination is achieved with betalights 

of equal microlambert values and equal energy emission. 

The results obtained here are nevertheless interesting. 

On the basis of microlambert values, the green and yellow 

betalights, both of 280 microlamberts, should 

theoretically have been considerably more attractive than 

the blue strip betalight of lower brightness. In fact, 

the blue strip betalight is virtually t rd of the 

microlambert value of both the green and the yellow 

betalight. Despite this the blue betalight attracted a 

considerably greater number of bugs, which, in itself, 

suggests some ability to distinguish or discriminate 
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between different colours or wavelengths. 

The results, furthermore, agree with the work of 

other investigators who have shown a greater sensitivity 

of insects to the shorter wavelengths of radiation. The 

red betalight, emitting longer wavelengths of radiation, 

proved to be the least attractive, although it must be 

remembered that of the four betalights it had the lowest 

brightness level. 

Interestingly, Weiss (1946) has stated that "insects 

will react positively to all wavelengths from . . 
approximately 3650 A to ?200 A, the shorter wavelengths 

usually requiring much less intensity than the longer 

ones in bringing about a positive response." Weiss claims 

that this results from a greater sensitivity of the eyes 

of insects to the shorter wavelengths of radiation. 

Triatomid bugs, as shown in this study, also appear to 

be sensitive to the wavelength range designated by 

Weiss (1946) and it may be that the least attractive 

colours in the betalight range could be made more 

attractive by suitably increasing their brightnesses, 

as in the case of other insect groups (Weiss et al., 1942). 

It has not been shown in this investigation by how much 

the brightness would have to be increased, but this could 

certainly be considered in field studies of trapping. 

A further consideration of the results is presented 

in the Discussion. 



TA!lLE 20 

Time 

0800 l. 
0900 l. 
1000 , 
1100 4 

1200 4 

1300 4 

1400 2 

1500 4 

1600 :, 
1700 a 
15()() 3 
1900 5 
2000 4 

2100 4 

2200 1. 

2300 0 

Totals 

51 

l':ean 

,iavelen ,-:th discrimination ir, a.iult !'el!lale 

Triatocn in!'esta~s 

Green Red Tellov 
Cl.35/G/280 Cl.35/R/40 Cl.35/T/280 

3 ' l 0 0 l l l 0 0 l 0 0 0 
4 0 5 2 l 0 0 0 1 0 2 l 1 l 
0 2 0 2 l l 2 l l 2 l 0 4 ' l 3 2 5 0 l l 2 0 2 0 4 0 l 
4 ' 3 4 4 l. l 0 2 4 3 0 0 2 

' 4 4 6 0 3 0 1 l 4 0 3 0 ' 4 4 6 ' l 2 0 2 l 0 l l 3 1 

3 5 4 4 l 0 2 0 1 0 4 4 3 l 

' 8 9 ' 2 ' 2 2 2 1 2 1 3 l 

9 3 1 9 l 0 l 0 2 2 l 4 2 1 

5 3 8 4 l 2 l 2 0 l 1 l l l 
6 5 5 4 0 l 0 1 0 1 l 0 0 l 

l l 2 4 0 l 0 1 0 l 0 0 0 0 

3 ' 4 3 0 0 0 l 0 0 l l 0 l 
0 ' 3 2 0 l 0 0 0 0 0 0 0 0 
2 l l 0 0 0 0 0 l 0 0 0 0 0 

51 51 58 55 1 2 17 11 14 12 18 18 20 17 17 

5},2 l~.2 l c ,O 

Blue 
Cl35/B/90 

0 0 2 l l 
2 1 .. 2 2 
1 l 0 2 0 

' 2 3 3 l 
7 6 5 5 5 
2 4 8 5 5 
8 6 7 6 7 
8 8 8 6 7 
8 7 6 4 9 
7 6 7 8 .. 
7 6 8 -
6 7 6 8 5 

' ' 4 2 4 

2 6 0 2 ' l 0 6 2 3 
0 0 l l 0 

-65 63 75 63 64 

66,0 
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(iii) The sensitivity of adult female Triatoma maculata 
to red and green betalights 

ID this experiment the polythene choice chamber was 

used. One trap in the chamber was equipped with a red 

betalight of 360 microlamberts while the other, at the 

opposite end, was fitted with a green betalight of 280 

microlamberts. The circadian rhythm of attraction to the 

two betalighta was studied in 20 adult female 

Triatoma maculata. The bugs had been fed 20 days before 

the experiment and were entrained to manifest maximum 

activity over a period of 9 hours, from 1000 hours to 

1900 hours. 

The results, shown in Table 21 and Figure 9, are mean 

values based on three replicates. There is a 

significantly greater attraction to the green betalight 

of only 280 microlamberts which yielded a mean catch in 

the peak period of 1600 hours to 1900 hours of 53.3% 

(replicate range 46.6% to 60%), whereas the red betalight 

of 360 microlamberts in the peak period of 1300 hours to 

1600 hours yielded only 36.6% (replicate range 33.3% to 

40%). 

As in the previous study, the betalight of higher 

microlambert value, namely the red betalight of 360 

microlamberts, should theoretically have attracted a 

larger number of bugs. However, adult Triatoma maculata 

also manifest a greater sensitivity to a betalight source 

emitting shorter wavelengths of radiation. It was stated 

earlier that by increasing the brightness of a betalight 

of leas attractive colour, the phototaetic responses of 

bugs could be enhanced. 



It may be argued that in this study the red betalight 

was not of a suf'ficiently high brightness to override 

the greater sensitivity to the green coloured betalight. 

These two preliminary experiments have indicated some 

degree of colour sensitivity in two species of Triatoma. 

This phenomenon may apply equally to other species and so 

the colour of a light source should be given consideration 

in field studies. 

TABLE 21 

Colour sensitivitv of adult Triatoma maculata 

Mean percentage attraction to betalight 

Time S10/R/360 0135/G/280 
red green 

0700-1000 1.6 3.3 
1000-1300 10.0 13.3 
1300-1600 36.6 43-3 
1600-1900 23.3 53. 3 
1900-2200 16.6 30.0 
2200-0100 0 0 
0100-0400 0 0 
0400-0700 0 0 
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4. Distribution Studies and the phenomenon 0£ Thigmotaxis 

It was decided to study the distribution of bugs in 

the central chamber over an observation period of 24 

hours. A suitable reference grid as shown in figure 10 

was therefore mapped out on the floor of the chamber. 

Squares on the grid were marked thus: squares horizontally 

were marked 1 to 15 and squares vertically A to K. 

The experiment described here is part of an earlier 

investigation of the phototactic behaviour of female 

Triatoma maculata. In this experiment the bugs were 

subjected in their photoperiodic entrainment to a 

scotophase from 1700 to 0900 hours and a photophase from 

0900 to 1?00 hours. The bugs were therefore active 

during the night hours. The exact diatribution or 10 

bugs in the chamber was recorded at hourly intervals over 

a complete 24 hour observation period. The bugs were 

observed with the aid of a dim torck light and the exact 

location of each bug on the reference grid was noted. 

Clearly the bugs must orientate according t o the light 

source glowing continuously from one end or the chamber. 

Theoretically, during the period corresponding to the 

photophase of the bugs' photoperiodic entrainment, i.e. 

their period of inactivity, there should be a distinct 

accumulation of bugs in the darker areas of the chamber, 

furthest away from the light source. To demonstrate thia 

the reference grid was divided into two sections, one 

section including squares 1-8, the second square■ 9-15. 

By observing the total number of bugs in each of the two 

section■ it waa therefore possible to determine the 
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percentage of bugs in the betalight end of the chamber 

over a 24 hour period. The results from these experiments, 

presented in Tables 22 and 23, indicate that during the 

period of greatest activity and hence maximum response to 

the betalight source there is an appreciably larger 

percentage of bugs in the betalight end of the central 

chamber. Conversely, there is a distinct accumulation of 

bugs away from the light source .in the period of inactivity. 

Considering the data in Table 23 it is interesting to note 

that in this experiment the bugs were fed only a short 

time previously and so were not sufficiently active to 

actually enter the betalight trap. Nevertheless there is a 

distinct orientation of the bugs with respect to the light 

source during the 24 hours. The low level of activity 

precludes entry into the trap but does not prevent the 

bugs from aggregating in the betalight end of the chamber. 

An interesting comparison can be drawn from the data in 

Table 23. In the Betalight Apparatus with a single green 

betalight at one end of the chamber there is a distinct diel 

pattern of orientation with respect to the light source. 

However, in the Control Apparatus, without any betalight, 

there is no appreciable difference in the position of 

the bugs throughout the 24 hours, i.e. there is no light 

to influence aggregat i on at either end of the chamber. 

In a second experiment the reference grid was 

divided into three other sections, one of which included 

all squares A to c, the second all squares D to G, and 

the third squares H to K. Squares D to G represent t he 

middle horizontal portion of the chamber, an area of the 
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TABLE 22 

Distribution Studies 

The ~istribution of bugs in the central chamber 
over 24 hours 

Number of Number of Total number Percentage 
bugs in bugs in of bugs in of bugs in 
Squares Squares central Squares 1-8 

Time 1-8 9-15 chamber over 3 hours 

0730 1 9 10 
0830 1 9 10 6.6 
0930 0 10 10 

1030 1 9 10 
1130 2 8 10 16.6 
1230 2 8 10 

1330 3 7 10 
1430 3 7 10 30.0 
1530 3 7 10 

1630 5 5 10 
1730 4 4 8 41.6 
1830 1 5 6 

1930 2 0 2 
2030 1 1 2 80.0 
2130 l 0 1 

2230 1 4 5 
2 330 5 2 7 52.3 
2430 5 4 9 

0130 3 4 7 
0230 2 6 8 36.o 
0330 4.- 6 10 

0430 1 8 9 
0530 1 9 10 10.3 
0630 1 9 10 

I .. 

I 
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TABLE 23 

Distribution Studies 

The distribution of' bugs in the central chamber 
over 24 hours 

Betalisht "AEEaratus Control Apparatus 

Chamber with a single Chamber with two 
betalight trap - lightle ss traps 
S10/G/2000 

Total number ~ or Total no. ,; of 
Squares of bugs in bugs in Squares or bugs bugs in 

Time 1-8 chamber l-8 1-8 in chamber 1-8 

1030 0 10 9 10 
1130 1 8 7.1 9 10 90.0 
1230 1 10 9 10 

1330 1 10 10 10 
1430 1 10 20. 6 10 10 100.0 
1530 4 9 10 10 

1630 2 10 10 10 
1730 4 10 33.3 10 10 100.0 
1830 4 10 10 10 

1930 5 10 9 10 
2030 5 10 53.3 8 10 86 .6 
2130 6 10 9 10 

2230 8 10 8 10 
2330 4 7 64.0 8 10 82.6 
2430 4 8 8 9 

0130 2 8 6 10 
0230 3 8 29.1 8 10 73.3 
0 330 2 8 8 10 

0430 1 9 10 10 
0530 3 9 23.0 10 10 100.0 
0630 2 8 9 9 

0730 l 9 4 8 
08 30 0 8 3.a 6 7 7e.3 
0930 0 9 8 8 
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TABLE 24 

Distribution Studies 

The distribution of bugs in the central chamber 

over 24 hours 

Total number Percentage 
of bugs in Percentage of bugs in 

Squares central of bugs in Squares D-G 
Time D-G chamber Squares D - G over 3 hours 

1030 0 10 o.o 
1130 0 10 o.o 3.3 
1230 1 10 10.0 

1330 l 10 10.0 
1430 0 10 o.o 3.3 
1530 0 10 o.o 
1630 2 10 20.0 
1730 1 7 14.2 13.6 
1830 0 5 o.o 
1930 2 4 50.0 
2030 3 5 60.0 58.3 
2130 2 3 66.6 

2230 2 3 66.6 
2330 2 6 33.2 4?.0 
2430 4 8 50.0 

0130 3 8 37.5 
0230 1 4 25.0 28. 5 
0330 2 9 22.2 

0430 3 9 33. 3 
0530 l 10 10.0 13.8 
0630 0 10 o.o 
0730 0 10 o.o 
0830 0 10 o.o o.o 
0930 0 10 o.o 



chamber in direct line with the light rays of the 

betalight source. The aim of this exper i ment was also 

to determine whether there was a definite distribution of 

bugs in the chamber with respect to the light source over 

a 24 hour period. The results, shown in Table 24, 

indicate that during the period when the bugs are not 

active and therefore not res ponding to betalight there is 

a distinct accumulation of bugs a long the sides of the 

chamber, particularly in squares A to C or H to K, these 

being the darker regions of the central chamber. 

Conversely during the period of activity the percentage 

of bugs in squares D to G was much greater, indicating 

a distinct orientation to the betalight source during 

this period. 

The distribution studies carried out in this 

investigation also indicated another interesting feature 

of bug behaviour. During the period of inactivity not 

only was there a tendency for the bugs to accumulate in 

the darker reg ions of the chamber but there also appeared 

to be a distinct 'clustering ' phenomenon, i.e. the bugs 

would tend to aggregate very closely to g e ther in the 

corners of the chamber. At night when the bugs became 

more active there was a tendency to d i sperse. ·rhis 

observation was tested by a pplying a very simple 

mathematical expression to data relating to bug 

distribution in the central chamber. The expression is 

derived from the "nearest nei ghbour" techni que 

formulated by Clark and Evans (Southwood, 1966). The 

technique is easy to apply in the case of "discrete 
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easily mapped organisms" and here consisted simply of 

selecting an individual bug at random and then_ measuring 

the distance between it and its nearest neighbour. This 

procedure was continued until all bugs had been included 

in the count. The simple expression formulated by Clark 

and Evans was applied to distribution data relating to a 

24 hour observation period which then gave an indication 

of the density of individuals per unit area. 

The expression is: 

m • 1 

where m • density per unit area 
and r - mean distance between nearest neighbours 

Table 25 summarizes the analysis of data on distribution 

using the Clark and Evans expression. The lower values 

form indicate a much greater distance between 

individuals, in other words a much lower density of 

individuals per unit area. 

The phenomenon of thigmotaxis (also called 

stereokinesis) has been demonstrated in t riatomid bugs. 

Thigmotaxis has been studie d in other insect groups and 

is reviewed by Wigglesworth (1965). An example of 

thigmotaxis is easily demonstrated in the earwig 

Forficula. which when it comes to rest will al ign its 

body in such a way that as many of its tact i le 

receptors . as possible are brought into contact with any 

suitable object that is available. Once in this position 

Ii 

I 
I 



TABLE 22 

Dietribution Studies 

Clark and Evans' Expression 

Tiae r Total r2 4r2 
m 

1030 1.00 
1130 1.00 3.90 15.21 60.84 0.0164 
1230 1.90 

1330 2.00 
1430 l.80 5.60 31.36 125.44 0.0079 
1530 l.80 

1630 0.60 
1730 3.85 8.65 74.82 299.28 0.0034 
1830 4.20 

1930 3.74 
2030 2.80 13.54 182.25 729.00 0.0013 
2130 7.00 

2230 2.87 
2330 3.58 s.01 64.08 256.32 0.0039 
2430 1.56 

0130 2.56 
0230 6.62 11.79 139.24 556.96 0.0017 
0330 2.61 

0430 2.55 
0530 1.00 4.55 20.70 82.80 0.0120 
0630 1.00 

0730 1.00 
0830 1.00 3.00 9.00 36.00 0.02?? 
0930 1.00 



it is extremely difficult to dislodge the insect and 

even light, normally eliciting a k inetic effect, ceases 

to have a stimulatory effect. The inhibitory effect of 

contact is termed thigmotaxis or stereokinesis. It is 

therefore interesting to note that during a period of 

inactivity, and when clustered to gether, a dim torch 

light shone on the bugs had little stimulatory effect. 

Conversely when the bugs are active and have dispersed 

a light directed on them readily achieves a kinetic 

effect. These findings may be of particular interest to 

entomolo g ists involved in the collecting and trapping 

of triatomid bugs in the field. If attempts are made 

to search out bugs during the day, perhaps using a 

strong light to disturb the bugs in their crevice, it 

is extremely probable that the light will not disturb 

the bugs sufficiently to cause their emergence. The 

phenomenon of thigmotaxis may indeed be operative for 

Pipkin (1968) appears to have met with difficulty in 

his day time search for bugs. Even the use of pyrethrum 

dusts proved unrewarding in Pipkin's study, so that 

ultimate ly be adopted night collections when the bugs 

will either emerge voluntarily to obtain a blood meal 

or alternatively, can be sufficiently disturbed by 

light shone into their crevices, i.e. when thigmotaxis 

does not apply. If indeed thigrnotaxis does hinder or 

prevent day time searches for bugs it is possible that 

the use of li~ht traps might be the only means of 

collecting sufficiently large numbers of bu gs for 
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e pidemiolo g ica l purooses. 

The s tudy of dis t ribution within the choice chamber 

could have been valuably extended by tioing the Qveral l 

approach and fall into the betalight trap in the case of 

each bug . The bugs , neverthe l ess, were observed during 

their res ponse to b etalight and the autho r not iced, in most 

cases , a fair ly slow deliberate approach to the betal ight 

source . rhis finding is c orroborated by Bertram (personal 

commun ication ) who in a study of adult r riato ~a maculata 

gained the imoression that the ovarall rate of appro ach to 

the light ··as slow with v ery long S?el ls of bugs simply 

remaining stationary while facing in the direct ion of the 

light . It is imoortant to note that the actual speed of 

~his movement will change according to ambient te~perature. 

has b een discussed in some detail later in the t-esis. 

r he actual degre e of movement in the chamber over the 

24 hours will vary accordin g to the bugs' l~vels of activity. 

As the bugs become steadily mo re active so the~e is a 

dist inct orientation towards the br.ighter regions of the 

chamber. Vuring the peak perio d of activity, and hence 

phototactic response, the re is consider ab le move~ent of 

bugs during each hour. It is important to stress that the 

level of a ctivity will necessarily depend on the physiological 

state of the bug and t h is point has been considered fully 

later in the thesis. Neverthe l ess , in Table 25 there is an 

indicat ion of this movement of bu gs j udged on v alue s for 

r, the mean distance between nearest neighbours. Fro m 0530 

to 1130 the values for rare a l l the same , namely l, wnich 

menne that the bugs have not changed their positions on the 

grid. Ge nerally, once tbe bugs have become inactive , 
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according to their photoperiodic entrainment , then each 

individual bug will remain in v irtually the same position 

during the phase or inactivity. In this case there is very 

little or no movement during each hour so that a bug might 

be observed in the s ame position over a p eriod of seven hours 

or so. However, from 1130 to 0450 there is some degree of 

change in the relative pos ition of each ind ividual bug, 

particula rly f rom 1650 to 0430 . There is, albeit the slow 

de liberate locomotion ment ioned previously, a good deal of 

movement during the hour between observat i ons. The values 

fo r r do in fact show a great deal of variability over this 

12 hour period. I t must be assumed that there has been some 

degree of movement between observations for the values for 

r to chan ge so dramat ically at each hour. 
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5. Attraction to other light sources 

(i) Introduction 

Although this investigation is concerned primarily 

with the attraction of triatomid bugs to betalight it has 

also seemed relevant to assess the possibility of using a 

rang e of other light sources which could be incorporated 

into a suitable trapping method. Betalight is a subdued 

form of illumination which is only readily detectable in 

darkened situations. The betal ight with the greatest 

brightness used in this investigation had a microlambert 

value of 2000. Maximum values up to 4000 microlamberts 

are possible in the betali ght range. However, betalight 

is not a particularly bright form of illumination and can 

best be described as g iving out a subdued g low. A light 

source with a greater brightness might t heref ore prove 

more useful in trapping procedures in the field and the 

aim of this section of the investigation is to see 

whether electric light bulbs could be us~d to attract 

triatomid bugs and whether they are necessarily more 

efficient as an attra ctant. Indeed, a brighter light 

source than that provided by betalight may be more 

effective over a greater d istance and pe rhaps more 

suitable in situations of low level population. Electric 

light bulbs certainly provide a brighter light s ource. 

(ii) Attraction of adult female 41,hodnius prolixue to a 

blue coloured 25 W lamp 

The l ight source us ed here was an Osram ' Carn ival' 

2 5 W blue coloured lamp (200 / 250V). In order to de termine 

a d iel rhythm of attraction to the light source a 

polythene choice chamber was used. The blue l amp was 
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w D 
Polyt hcne Choice Chamber 

FIGURE 11, APPARATUS USED TO rm110NSTllA'l'E ATTRACTION 

TO AN "OSRAM" 25 W BLUE COLOURED LA/11' 

positioned so that its beam was directed through the 

connecting aperture into the choice chamber of the 

apparatus. Therefore one trap was lighted and the other 

constituted a control trap. An experiment was set up 

to determine a diel rhythm of attraction to the l ight 

• · source by noting the total number or bugs entering 

the light trap over a 24-bour period. secondly, it was 

necessary to determine that this was only a pbototactic 

reaction and not a response to the thermal gradient 

produced by the lamp. In order to obviate a possible 

thermal gradient produced by the lamp a large tank or 

water was p1aced between the Polythene Choice Chamber 

and the light source (a~ shown in Figure 11). In this 

way a heating effect in the cho"1.ce chamber could be 

eliminated. 

. I 

' i 
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Attraction to the 'Osram' blue 25 W lamp was indicated 

and the results are shown over the page in Table 26. 

The factor of intensity of the light source was also 

investigated. This involved no more than n oting a 

comparative ratio of response to the l ight source at 

different intensities; the intensities ranged from that of 

direct illumination and through 1, 2, and 3 thicknesses of 

white drawing paper. The amount of light resulting after 

passage through the sheets of drawing paper was measured 

by using a CdS light meter (Revue S-102). The results 

shown in Table 26 indicate a greater res ponse at the lower 

intensity of light. Remembering that the electric lamp 

has a far greater intensity than that produced by 

betalight the inverse relationship between illumination 

intensity and response is to be e xpected since, as 

stated in the review of literature on light tra ps, 

l i ghts of higher intensity can actually repel. The use 

0£ a brighter li ght source, such as the 25 W blue lamp, 

is perhaps to be recommended in phototactic responses 

over a great distance, whereas over shorter distances a 

dimme r light source c ould be used to avoid repelling the 

insects, for example, the siting"'t>f betal ights on walls 

near to the bugs' crevices. 

The figures presented in Table 26 for the diel 

rhythm of attraction are those obtained from the 

exper i me nt where the light intensity was reduced by 

In thia case three sheets o! drawing paper 

were interposed between the choice chamber and the glass 

tank. 
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TABLE 26 

Diel rhlthm of attraction of Rhodnius prolixus to 
a blue-coloured 25 w lamp 

Number Number 
of bugs Percentage of bugs Percentage 

Time in trap attraction Time in trap attraction 

0700-1000 5 8.3 1900-2200 30 50.0 

1000-1300 15 25.0 2200-0100 10 16 .6 

1300-1600 45 75.0 0100-0400 0 o.o 
1600-1900 40 66.6 0400-0700 0 o.o 

The imuortance of intensity in the res ~onse to a 
blue-coloured 25 W lamp 

Light Total 
meter Number Amount Reduction number Response 
reading of of in light of bugs expressed as 
in DIN sheets light intensity in trap a ratio 

5.50 0 100.00% 0.00% 21 1.00 

5.09 1 92.54% 7.46% 36 1.71 

4.10 2 74. 54% 25.46% 76 3. 6 1 

2.90 3 52-72% 47.28% 145 6. 90 
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6. Determination of the sense organs involved in the 
response to betalight 

(i) Introduction 

Betalight is a completely self-powered light source 

and is said not to p roduce any heat. Certainly from 

general handling of betalights it would seem that this is 

true. However, it could be that betalights produce heat 

at a level detectable only by bugs and that in the choice 

chamber experiments the bugs did in fact respond to some 

kind of thermal gradient. Alternatively, bugs may detect 

and respond to some element of the radioactivity of the 

light source, although betalights are said to be entire1y 

sa£e and free from radioactive leakage, the glass vesse1 

absorbing all of the radiation. The glass vessel is 

impervious to tritium and absorbs completely any beta

radiation not already absorbed in the phosphor. These 

two factors therefore, namely heat and beta-radiation, 

seem very unlikely to constitute part of the response to 

betalight. Experiments were set up to determine precisely 

the sense org ans involved in the response to betalight. 

(ii) Experiments to determine if the antennae are involved 

in the response to betali[l;ht 

In a previous investigation using Triatoma maculata 

it was shown that the res ponse to betal ight is a purely 

visual response, for even after removal of the antennae, 

bugs still show a response to the light source. '!'his 

suggested that the antennae were not involved in the 

response and since the thermal senses are located 

mainly in the antennae ( Wi gglesworth and Gillett, 1934), 

it is also suggested that removal of the antennae would 
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impair the response to betalight if indeed some kind of 

thermal gradient were involved. 

Experiments were repeated along the same lines with 

adult male Triatoma infestans. In one group of twenty 

bugs the antennae were removed, The antenna.e were cut off 

at the base, the sea.pus being carefully removed. In 

another group of twenty bugs the antennae were left intact. 

Each group of bugs was introduced into a polythene choice 

chamber. The chamber was e quipped with a spherical creen 

betalight, S10/G/2000. It is important to remember that 

the two g roups of bugs were of the s ame nutritional 

condition. Furthermore, the environmental conditions in 

the two sets of apparatus were virtually the s ame, i.e. 

a temperature of 26.9•c. and a relative humidity of 

70 ± 2%. 

The total number of bugs entering the betalight traps 

over a twenty-four hour period was noted. 

tabulated below: 

The results are 

TABLE 27 

Time 

0730-1030 
1030-1330 
1330-1630 
1630-1930 
1930-2230 
2230-0130 
0130-0430 
0430-0730 

Percentage Attraction to g reen betalight 
S10/G/2000 

Bugs with antennae 
intact 

5.0 
20.0 
39 .0 
28., 
8.~ 
0 
0 
0 

Bug s with antennae 
removed 

3 .0 
15.0 
31.6 
21.6 

I:. ,., 
,, . V 

0 
0 
0 

rt can be seen from these figures that even bugs in 

which the antennae have been removed show a response to 

betalicht, albeit not such a good response. 1erhaps it 
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is difficult to expect maximum response or indeed 'normal' 

behaviour in such bugs. Once again it was interesting to 

note that removal of the antennae did not result in the 

bugs entering the state of "sleep" or akinesis (Wigglesworth 

and Gillett, 1934). 

Finally response to a betalight source even after 

removal of the antennae does at least preclude the 

possibility of pbotoreceptors on the antennae. In this 

connection it is interesting to note that Booth (1963) 

found the antennae of !J)his fabae to be the site of a 

dermal light sense, although no such mechanism appears to 

be operative in triatomid bugs. 

(iii) To determine the sense or~ans involved in the resPQ!!.!!!. 
to green betali~t, S10/G/2000 1 in 5th instar n:rmphs 
of Rhodnius prolixus 

Two Polythene Choice Chambers were used in which the 

betalight traps were each equipped with a green betalight, 

S10/G/2000. Fifth instar nymphs of Rbodnius prolixus, fed 

29 days before the experiment as 4th instar nymphs, were 

tested. In order to determine which sense organs are 

involved in the response to betalight one group of 20 bugs 

had their compound eyes painted over. The eyes were painted 

over on the day previous to the experiment. First, the 

eyes were painted over with Rowney's black acrylic 

designer■' gouache. This had a rubbery texture and adhered 

well to the surface of the compound eyes. It was noted 

in a previous investigation that in using black enamel 

paint for this purpose, as a1ways suggested for entomological 

experimentation of this kind, it was difticult to obtain a 

complete and even coveri ng or the eyes. Once the acrylic 
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gouache had dr i ed a coat of Humbrol's black enamel paint 

was applied to ensure that the bugs were complete ly 

blinded . The ename l pai nt adheres well to the coat of 

acrylic gouache, the gouache f or~ing a suitable undercoat . 

At the same time the enamel paint not only ensures another 

light-proof layer but also provides a protective shell 

over the surface of the water soluble gouache below. In 

order to ensure that all facets of t he compound eye were 

e qually covered the bugs were examined u nder a binocular 

microscope . This group of blinded nymph s was then 

i n t roduced into a p olythene choice chamber. 

A second group of bugs which were not blinded was 

introduced into a second p olythene choice chamber. This 

group c onstituted a control . 

The two groups of bugs were derived from t he same 

colony and were of the same nutritional state. They h a d 

been subjected to the same photo period ic entrainment , i.e. 

a photophase f rom 1500-1300 hours , and a scotophase from 

1300-1500 h ours. The detailed results are presented in 

Table 29 but a summary is presented below in Table 28 . 

Table 28 

24-hour c atch 24-hour catch Tot a ls 
in betalight in control 
trap trap 

Polythene choice 
chamber l. 
Bugs with compound 

29 27 56 eyes blinded 
Chamber 2. 
Bugs with compound 

11 59 eyes ' no r mal' 48 

Totals 77 38 115 



TABLE 29 

Com-oaring the resoonse of 'blinded' and 'normal' 

5~~ ;j,nSt!:Yi: n:vmuhs Qf ;BhQdnius :QrQliXU§ to E:ireen 

betalii:i;ht I SlOLG/2000 

Bui;z:s with comEound eies BU!ZS with compound e~es 

b1inded normal. 

Pol.ythene choice chamber Polythene choice chamber 
number l number 2 

Time Betal.ight Control Bet al i ght Control % 
trap trap trap trap Attrn. 

0730-1030 2 2 2 0 3.3 
1030-1330 12 11 16 2 26 .6 
1330-1630 9 8 20 5 33.3 
1630-1930 6 5 9 3 15.0 
1.930-2230 0 l l l 1. 6 
2230-01.30 0 0 0 0 0 
0130-0430 0 0 0 0 0 
0430-0730 0 0 0 0 0 

rotal 24-hour 
catch 29 27 48 11 
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The next step was to ensure that Polythene Choice Chamber 

number 2 did not in some way favour the entry of a larger 

number of bugs into the betalight trap. Therefore a 

repeat or this experiment was set up the following day in 

which the same 20 blinded bugs were this time placed in 

Polythene Choice Chamber 2. A summary of the results is 

presented in Table 30 below. 

TABLE 30 

Polythene Choice 
Chamber number 2 
Bugs with Compound 
Eyes blinded 

Total number or 
bugs entering 
Betalight Trap 
over a 24-hour 
period 

16 

Total number of 
bugs entering 
Control Trap 
over a 24-hour 
period 

20 

This experiment was repeated several times and always 

the same pattern emerged. In the case of the blinded 

bugs there was always a virtually equal number of bugs 

entering the betalight trap and control trap over a 

24-hour observation period. However in the case of a 

group of bugs with their compound eyes normal there waa 

always a signiricantly larger number of bugs in the 

betalight trap suggesting a definite attraction to the 

betali ght source. 

The results from these experiments suggest that the 

sense organs involved in the response to betalight ror 

5th instar nymphs of Rhodnius prolixus, and indeed all 

inatara ot different species, are therefore the compound 

eyes. The result■ also indicate that a dermal l ight 

sense is not involved and since the nymphs o! the 

Triatominae do not possess ocelli (Usinger, 1944), then 

the compound eyes can be the only photoreceptors 
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involved. 

However, it is important to stress that this must 

not be taken to suggest a total absence of a dermal light 

sense in triatomid bugs. There may be such a light sense 

in bugs and its mechanism and function may be similar to 

that noted in other groups (Wigglesworth, 1965). 

(iv) Location of sense organs involved in response to 

betalight, S10/G/2000. in adult Rhodnius prolixus 

To determine the exact location of the sense organs 

involved in the response to betalight in adult male 

Rhodnius prolixus the following experiment was set up. 

Two polythene choice chambers were used in which the 

betalight traps were each equipped with a green 

spherical betalight, S10/G/2000. Adult males of 

Rhodnius orolixus. fed 18 days before the experiment, 

were tested. The bugs had been subjected to the same 

photoperiodic entrainment, i.e. a photophase from 1500-

1300 hours and a scotophase from 1300-1500 hours. 

In order to ascertain the exact location of the 

sense organs involved, one group of twenty bugs had their 

entire head painted over first with Rowney's black 

acrylic designer's ~ouache and then with Humbrol's 

black enamel paint (this group of bugs being 

designated as group B). The two coats of paint 

effectively provided a light-proof layer over both the 

compound eyes and ocelli, and indeed any other 

light-sensitive receptors which might be present on the 

head of the bug. A second group of bugs not 

subjected to this treatu.ent constituted a control 
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and were designated as group N. The two groups were 

introduced into two separate Polythene Choice Chambers. 

The diel rhythm of attraction to betalight in these 

two groups was determined over three consecutive days 

thereby ensuring a number of replicate exp eriments. 

These have been designated as experiments A, B, and c. 
It has already been demonstrated that the two 

Polythene Choice Chambers used here are identical 

in experimental performance and in no way offer any 

bias. 

The results obtained from these experiments are 

tabulated below (Tables 31 and 32). The data indicate 

that in those bugs whose head had been painted over 

with two coats of paint (Group B) there is no 

indication of a diel r hythm of attraction to the 

betalight source, whereas in those bugs not subjected 

to treatment (Group N) there is a significant attraction 

to the light source. The results also preclude the 

possib i lity of a general d e rmal light sense being 

involved in the orientated response to betalight and 

indicate that the photoreceptors are at least located 

at the head end of the bug. 

II 
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0700- 1000 

l OCO- l }CO 

1300-1600 
1600-1900 
1900-2200 

22CC'- 0100 

O:CO-O?CO 
O~CC - 0700 

TABI.E 31 Excer ioent deoonst rating the location of photorece~tora 
in adult Rhodnius nrolixus 

EXPERI~ l!T A E: ~PERIMiNT B EXPERrnENT C 

GROUP ?l C~OUP B GROUP N GROUP B GROUP N GROUP Jl 

B. T. C.T. B. T. C.T. B.T. C.T. D.T. C.T. B.T. C,T. B.T. C. ';:' • 

4 1 0 0 4 2 0 0 6 0 0 1 

32 1 3 2 26 2 5 8 33 1 5 2 

45 7 3 2 41 , 2 3 38 5 4 4 .I .I. 

30 4 2 ~ 27 2 7 l 27 3 2 4 ; 

17 3 l 2 12 5 0 l 19 6 2 5 
2 G 0 0 8 1 0 1 4 1 0 0 
0 0 0 C 0 0 0 0 0 0 0 0 
0 0 C 0 0 0 0 C 0 0 0 0 

:;o ~ ~ ~ s :20 13 14 14 127 16 13 1 

B. T. = Eet~:igr.~ ~ra. 
c. ~. = Co~.rol ~ra, 
GRCGP !I = ::01gs not sc:.b~ect ed to t::eatl!'.e!'lt 

GRO~P 3 ; He&d o~ bug ~a~ntcd over 

..... 
~ 
\0 
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TABLE ,2 

~periment demonstrating the location of 
photoreceptors in adult Rhodnius prolixus 

Time 
0700-1000 
1000-1300 
1300-1600 
1600-1900 
1900-2200 
2200-0100 
0100-0400 
0400-0700 

Totals 

Totals of 
Mean 
Values 

Totals of Experiments A, B, and c. 
(Mean values in parentheses) 

GROUP N GROUP B 

Bet alight Control Betalight 
Trap Trap Trap 

14- (4.6) 3 (1.0) 0 (O.O) 

9.3 (.31.0) 4 (1.3) 13 (4.3) 

124 (41 • .3) 9 (3.0) 9 (3.0) 

84- (28.0) 9 (3.0) 11 (3.6) 

48 (16.0) 14 (4.6) 1 (0.3) 

14 (4.6) 2 (0.6) 0 (O.O) 

0 (0.O) 0 (O.O) 0 (0.0) 

0 (0.0) 0 (O.O) 0 (O.O) 

.377 41 34 

(125-5) (13.5) (11.2) 

Control 
Trap 
1 (0.3) 

12 (4.0) 
9 (3.0) 
8 (2.6) 
8 (2.6) 
1 (0.3) 
0 (O.O) 
0 (O.O) 

39 

(12. 8) 

Abbreviations i Group N • bugs not subjected to treatment 
Group B • head of bug painted over 
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The results in Table 32 can be subjected to statistical 

analyeie. For group N the range of the difference of means 

for P= 0.05 is from 81.84 to 142.12 (the standard deviation 

or the difrerence of means O'd = 14.93 and the difference 

between means c 112.0; t-2.02). This range does not 

include zero so the Null Hypothesis has to be rejected. 

There is therefore a significant difference between the 

means. 

The same method is applied to the data from group B, 

where the range of the difference of means for p = 0.05 is 

from - 2.709 to+ 5.909 (difference between means• 1.6; 

<T d • 2.155 and t • 2.02). Here the range does include 

zero so there is no significant difference between the 

means. 
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(v) The role of the ocelli in the response to betaligbt 

In an experiment on the phototactic responses of 

adult female Triatoma maculata (fed 25 days previously) 

the relative importance of the ocelli in the response to 

betalight was assessed. In the previous experiment all 

the results indicated a localization of photoreceptors at 

the head end of the bug and a general dermal light sense 

was precluded. The aim here was to determine whether the 

two groups of photoreceptors present on the head, namely 

ocelli and compound eyes, can function separately in the 

response to betalight. 

In one group of 20 bugs (designated as Group 'O') 

the compound eyes were painted over in the manner 

described previously. In Group 'O' therefore cnly the 

ocelli were operative. In a s e cond group of twenty bugs 

the ocelli and the compound e yes were left intact. This 

group was designated as Group 'N'. 

The diel rhythm of attraction to green betal ight, 

S10/G/2000 in the two groups of bugs was determined. 

The results shown in Table~~ indicate that the ocelli 

by themselves are capable of a photot a ctic response to 

betali.ght. However the ocelli alone are not capable 

of p roducing a response to b e tali ght of as great a 

magnitude as that evident in bugs in which the two 

groups of photoreceptors are operative. In fact, 

percentage attraction to betal i~ht never exceeds 25.e% 

in those bugs with only the ocelli operative. 
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TABLE 33 

To determine if the ocelli are involved in the 
response to betali~ht in adult female Triatoma 

maculata 

Percenta5e attraction to S10/G/2000 

Group '0' Group 'N' 
ocelli compound eyes 

ocelli 

Time 1 11 111 l 

0700-1000 0.0% 0.0% 0.0% 1.6% 

1000-1,300 6.6% 8. 3% 8.3% 48.3% 

1300-1600 15.0% 11.6% 15.0% 41.6% 

1600-1900 20.0% 25.0% 21.6% 16.6% 

1900-2200 6.6% 10.0% 6.6% 3.3% 

2200-0100 O.O\l'.· 0.0% 0.0% 0.0% 

0100-0400 0.0% 0.0% 0.0% 0.0\l'. 

0400-0700 0.0% 0.0% 0.0% 0.0% 

Total 
24-hour 
catch 29 .33 .31 67 

and 
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(vi) The photoreceptors of triatomid bugs 

The heads of adult males and females 0£ all species 

studied here were carefully examined by means of a 

binocular microscope. This examination indicated the 

presence of two structurally different groups of eyes in 

adult triatomids; first, there are the two large compound 

eyes which have a complex hexagonal arrangement of emall 

facets and second, a pair of much simpler and smaller 

eyes which are called ocelli. In the 5th, 4th, 3rd, 2nd 

and let instar nymphs of all species there is an obvious 

absence of ocelli and the compound eyes are noticeably 

smaller. Whereas in adults the compound eyes are nearly 

as wide as the interocular space, in nymphs they are 

approximately l/6th of the size of the interocular space. 

Scanning electron micrographs of the head of a 

female of Rhodnius orolixus were prepared by Miss M. 

Backhouse of the Department of Anatomy, University College, 

London University, in order to gain more in£ormation on 

the external structure of the photoreceptors in triatomids. 

The scanning electron micrographs are shown in figures 12, 

13, 14, 15, 16 and 17. The micrographs are interesting in 

that they corroborate the experimental findings which 

indicate only two possible groups of photoreceptors in 

adult triatomids, namely the compound eyes and the ocelli. 

Furthermore, in the micrographs of figures 12, 13 and 14 

there is no obvious indication of any other type of 

photoreceptor. Figure 12 is also interesting in that it 

shows the characteristic arrangement of the light sense 
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organs in the genus Rhodnius, namely that the ocelli are 

located postero-laterally, behind the compound eyes, on 

more or less distinct elevations behind a U-shaped suture. 

(In Triatoma the head does not bear the post-ocular 

callosity although the ocelli are located postero-laterally 

on prominent oblique elevations.) Secondly, the head is 

slightly narrowed at the middle of the anteocular portion. 

Figures 15, 16 and 17 show the detailed structure of 

the compound eyes and in particular the hexagonal 

arrangement of the facets, an arrangement which is 

generally assumed in those compound eyes with many 

ommatidia. 

It will of course be interesting to pursue this line 

of research on the photoreceptors and in part icular, 

the internal anatomy of these structures. For example, 

it might be informative to know whether the compound eye 

of the triatomid is of the 'apposition' type or the 

'superposition' type. Being nocturnal insects it may be 

postulated at this stage that it is the latter. This 

kind of information will be of use in building up a 

complete picture of pbototaxis in these insects. 



Figure 12. Scanning Electron Micrograph 0£ Head 
of female Rhodnius prolixus. showing 
the characteristic arrangment of the 
photoreceptors in the genus Rhodnius 

Figure 1~. Scanning Electron Micrograph of Head 
of adult Rhodnius orolixus. showing 
compound eye and oceiius I 

' ' 



Figure 14. 

Figure 15 . 

Scanning Electron Micrograph of Head 
of adult female of Rhodnius 1rolixus 
showing compound eye and oce lus . 
The tip of the proboscis is also in 
view 

s canning Electron Micrograph of 
compound eye showing arrangement 
of the .racets 



Figure 16. Scanning Electron Micrograph of Head 
of female Rhodnius prolixus showing 
compound eye with hexagonal 
arrangement of the facets 

Figure 17 . Scanning Electron Micrograph o~ 
compound eye showing its 
characteristic hexagonal 
arrangement of the facets 



149 

(vii) Comparing the response of adult males and adult 
females of Rhodnius prolixus to green betalisht 

There are references in the literature to light trap 

catches where either male specimens or female specimens 

have predominated in the catch (see review on light 

trap literature). The experiment described here was 

therefore set up to compare the response to green 

betalight, S10/G/2000, in both adult males and adult 

females of Rhodnius prolixus, ultimately to determine 

if there is any real difference in the phototactic 

behaviour of the sexes. 

Polythene choice chambers were used and the 

experimental procedure adopted was that used to determine 

the diel rhythm of attraction to betalight. The bugs 

had been fed 14 days before the experiment and had been 

subjected to the same photoperiodic entrainment. 

The results shown in Table 34 are mean values based 

on three experiments, each of twenty bugs. The results 

do not indicate any significant difference in the 

responses of adult males and females. There is no 

evidence to suggest, therefore, that in the case of 

triatomids light trap catches in the field will 

consist predominantly of either sex. Provided the bugs 

are of the same physiolo gical s tatus, e.g. nutritional 

history, then there is likely to be no real difference 

in the response of males and females to any light source. 

Furthermore, throughout this investigation on the 

phototactic responses of triatomid bugs , no difference 

in the phototactic behaviour of males and females was 

observed. 
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(vii) Comparing the response of adult males and adult 
females of Rhodnius prolixus to Rreen betalie;ht 
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therefore set up to compare the response to green 

betalight, SlO/G/2000, in both adult males and adult 
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had been fed 14 days before the experiment and had been 

subjected to the same photoperiodic entrainment. 

The results shown in Table 34 are mean values based 

on three experiments, each of twenty bugs. The results 
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responses of adult males and females. There is no 

evidence to suggest, therefore, that in the case of 

triatomids light trap catches in the field will 

consist predominantly of either sex. Provided the bugs 

are of the same physiological status, e.g. nutritional 

history, then there is likely to be no real difference 

in the response of males and females to any 1ight source. 

Furthermore, throughout this investigation on the 

phototactic responses of triatomid bugs, no difference 

in the phototactic behaviour of males and females was 

observed. 



150 

TABLE 34 

Comparin~ the response of adult males and adult 

females of Rhodnius prolixus to ~reen betalight 
S10/G/2000 

Male Rhodnius prolixus Female Rhodnius prolixus 

Time Mean Mean 
percentage percentage 
attraction attraction 

0700-1000 2.4 2.4 
1000-1300 27.4 29.1 
1300-1600 29.1 32.4 
1600-1900 29.9 26.6 
1900-2200 3. 3 2.4 
2200-0100 0 0 
0100-0400 0 0 
0400-0700 0 0 

-
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(viii) Comparing the resuonse of adult females and fifth 

instar nymphs of Rhodnius prolixus to betali~ht 

This investigation was concerned with assessing the 

response of both fifth instar nymphs and adult females of 

Rhodnius prolixus to a spherical green betalight, 

S10/G/2000. Experiments to determine the diel rhythm of 

attraction to betalight were set up to find out if there 

was any difference in the phototactic responses of nymphs 

and adults. A group of twenty adult females of Rhodnius 

prolixus, which had emerged 30 days previous to the 

experiment, was introduced into one polythene cho ice 

chamber. A group of twenty 5th instar nymphs, emerge d 33 

days previous to the experiment, was introduced into a 

second choice chamber. Each choice chamber was equipped 

with a spherical green betalight, SlO/G/2000. 

The nymphs and adults were not given a blood meal after 

their emergence so that to all intents and pur poses they 

were of the same nutritional condition. It i s obviously 

very difficult to obtain two physiologically identical 

groups of bugs and there would appear to be no way of 

ensuring equality of physiolog i cal condition other than by 

the timing of both the blood meal and the emergence. ( This 

point is discussed in more detai l later on.) This was 

therefore the only valuable criterion available to the 

investigator. 

The results obtained from these experiments are shown 

below in Table 35. The data presented in Table 35 include 

mean values obtained from three experiments carried out on 

consecutive days . The mean total percentage response, 

based on a 9-hour period of activity from 1000 - 1900 hours 
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is 34.07% and 34.25% for adults and 5th instar nymphs 

respectively. There is no significant difference between 

these figures which in turn suggests no significant 

difference in the response of nymphs and adults. Although 

adult bugs possess two groups of photoreceptors, namely 

ocelli and compound e yes, there is evidence to sugeest that 

this will not make any substantial comparat ive difference in 

the phototactic responses of adults and nymphs, provided 

that the bugs are of e qual nutritional or phys iological 

condition. 

This experiment was repeated using adult males and 4th 

instar nymphs of Triatoma maculata. 'rhe nynphs and adults 

had emerged 32 days previous to the experiment. The 

following mean total percenta:';8 responses were obtained for 

adults and nymphs respectively, 39.77% and 38.66%. 

Again there appeared to be no substantial difference in 

the response of adults and nymphs to a green spherical 

betalight, S10/G/2000. It therefore seems reasonable to 

assume that where a trap is used to catch a sample of a 

wild population of bugs there will be no bias to any 

part icular instar although nutrit ional condition wj.11 in 

all events be the overriding factor like ly to determine the 

relative numbers of each instar in the catch. 



TABLE 35 

Qom£arinc the res£Qnse o! adult females and fifth 
instar n~iphs of Rhodnius :erolixus to betali5ht 

Adults N;vmohs 
Total Mean Total Mean 
of 3 Percentage of 3 Percentage 

Time expts. Mean Attraction expts Mean Attraction 

0700-1000 3 1.0 1.6 2 o.6 1.1 
1000-1300 44 14.6 24.4 41 13.6 22.7 
1300-1600 77 25.6 42. 7 71 23.6 39.4 
1600-1900 63 21.0 .,5.0 7., 24.3 40.5 
1900-2200 40 13.3 22.2 34 11.3 18.8 
2200-0100 0 0 0 0 0 0 
0100-0400 0 0 0 0 0 0 
0400-0700 0 0 0 0 0 0 

Total 227 221 

Mean total 
percentage 

34.07% 34.25% response 
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7. Photoperiodic Entrainment 

(i) The relationship between the diel rhythm of activity 

of a triatomid bug and its Previous photoperiodic 
entrainment 

In this experiment the diel rhythm of locomotor 

activity of an adult female of Rhodnius prolixus was 

studied by using an actograph. The bug in this experiment 

had been subjected to a photoperiodic entrainment with a 

photophase from 0900-1700 hours. 

The actograph, described previously, was connected to 

a Servoscribe Recorder so that the diel rhythm of activity 

of the bug could be determined automatically over a 

period of days. Once the bug had been placed in the 

actograph it was kept in total darkness over the several 

days that the experiment was run. 

The results are shown in Table 36 on the following 

page. It will be seen from the data that photoperiodic 

entrainment would seem to be of paramount importance in 

determining the onset and duration of activity in adult 

female Rhodnius prolixus. !or the period of greatest 

locomotor activity corresponds to the beginning of the 

scotophase experienced by the bug in its photoperiodic 

entrainment. The bugs had been subjected to a scotophase 

from 1700-0900 hours. 

It is also interesting to note at this stage that the 

onset of locomotor activity begins at approximately the 

same time during each 24 hour period even though the 

bug had been kept in a totally dark insectary throughout 

the run of the experiment. 
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TABLE 36 

Diel rh;y:thm o:f locomotor activity as determi.ned by 
actofjI'aph 

Number or Number or Number or 
Time movements Time movements Time movements 

0700-1000 0 1900-2200 15 0700-1000 0 
1000-1300 0 2200-0100 7 1000-1300 0 
1300-1600 l 0100-0400 0 1300-1600 5 
1600-1900 129 0400-0700 0 1600-1900 158 
1900-2200 24 0700-1000 0 1900-2200 64 

2200-0100 3 1000-1300 0 2200-0100 2 

0100-0400 0 1300-1600 7 0100-0400 0 

0400-0700 0 1600-1900 147 0400-0700 0 

0700-1000 0 1900-2200 10 0700-1000 0 

1000-1300 0 2200-0100 2 1000-1300 0 

1300-1600 4 0100-0400 0 

1600-1900 140 0400-0700 0 
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(ii) The importance of photoperiodic entrainment in 

determining the onset and duration of the phototactic 
response in adult female Rhodnius prolixus 

Photoperiodic entrainment has been shown to govern the 

onset and duration of the general activity of the bug. The 

experiment described here was designed to show how closely 

the diel rhythm of attraction to green betalight, S10/G/2000, 

is determined by previous photoperiodic entrainment. 

Two photoperiodic entrainment chambers were set up with 

the following light-dark regimens: 

Photoperiodic entrainment scotophase 1200-1800 hours 
chamber 'A' photo phase 1800-1200 hours 

Photoperiodic entrainment scotophase 2100-0300 hours 
chamber 'B' photopbase 0300-2100 hours 

A group of 20 adult female Rhodnius prolixus was 

introduced into each photoperiodic entrainment chamber and 

left for 5 days. The temperature and relative humidities 

within the two chambers were the same, i.e. 27.0 ± 4.o•c. 

and 65.0 t 5.0~. After 5 days the two groups of bugs were 

placed in two separate polythene choice chambers, each 

e quipped with a spherical green betalight, S10/G/2000. 

The diel rhythm of attraction to betalight in the two 

groups, designated as 'A' and 'B', wa s then determined. 

The results are shown in Table 37 and Figure 18. There 

appears to be a significant correlation between the onset 

and duration of attraction to the betalight source and the 

previous photoperiodic entrainment experienced by the bugs. 

The peak of attraction to the light source is attained in 

the last hour of the period corresponding to the scotophase 

of the photoperiodic entrainment. 

Photoperiodic entrainment played a significant role in 

these studies. Bugs could be adapted by a minimum of 96 
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hours exposure to a certain light-dark regimen, i.e. a 

scotophase from 1300 - 1500 hours, such that although kept 

throughout a choice chamber experiment in total darkness, 

the bugs would become active during normal working hours. 

The bugs' phototactic behaviour could therefore be studied 

during hours convenient to the investigator. With such an 

entrainment, the peak of activity would generally occur 

between 1000 - 1900 hours. The bugs were then returned to 

the photoperiodic chamber for continuous entrainment between 

experiments. 

Bugs, taken from any other light-dark regimen, could be 

re-entrained by a minimum of 96 hours exposure to the new 

reversed photoperiod of 1300 - 1500 hours. This finding is 

corroborated by Pittendrigh and Bruce (1959) and Beck (1968). 

Generally the re-entrainment of a behavioural rhythm to a 

reversed photoperiod cannot be accomplished in one cycle of 

the rhythm. In the transitional period of from one to 

several cycles, intermediate responses known as transients 

become apparent. Although transient responses were not 

studied in this investigation, nevertheless attainment of 

the new rhythm in triatomid bugs was achieved within 96 

hours, i.e. within several cycles. 
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TABLE 37 

The relationship between photoperiodic entrainment 

and the onset and duration of the phototactic 

response 

Time 

0600-0900 
0900-1200 
1200-1500 
1500-1800 
1800-2100 
2100-2400 
2400-0300 
0300-0600 
0600-0900 
0900-1200 

Group 'A' 

Adult female Rhodnius 
prolixus subjected to 
pbotoperiodic 
entrainment with a 
scotophase from 1200-
1800 hours 

Percentage attraction 
to S10/G/2000 

0 
0 

16.6 
66.6 
50.0 
30.0 

0 
0 
0 
0 

Group 'B' 

Adult female Rhodnius 
nrolixua subjected to 
photoperiodic 
entrainment with a 
scotophase from 2100-
0300 hours 

Percentage attraction 
to SlO/G/2000 

0 
0 
0 
0 
3.3 

40.0 
56.6 
26.6 
13.3 

0 

Temperature +26.9"C. 
R.H. 70 - 2.0~ 
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Figure 18. The importance of photoperiodic entrainment 
in determining the onset and duration of 
phototactic response in adult female 
Rhodniua prolixus . 
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(iii) To determine whether the period during which a 
triatomid bug will show the maximum response to 
a betali~ht source corresponds to the onset and 
duration of the greatest activity 

The aim of this experiment was to determine whether 

the period of greatest activity of a triatomid bug, in 

this case adult male Triatoma maculata 1 could be 

correlated with the period during which it is most 

responsive to a betalight source. It seems reasonable 

to postulate that bugs will only be readily attracted to 

a betalight source if and when they are sufficiently 

active. 

The apparatus used here to determine the diel pattern 

of locomotor activity in bugs was set up. Spontaneous 

locomotor activity of a triatomid bug was measured in a 

simple rocking box actograph. The actograph was pivoted 

at the transverse axis slightly above the centre of 

gravity such that any force (i.e. a bug) at either end 

would unbalance it. The actograph was so arranged that 

a pair of mercury dip switches were closed electrically 

whenever the box tilted. The switches were ultimately 

connected to a Servoscribe event chart recorder. 

A polythene choice chamber e quipped with a green 

spherical betalight, S10/G/2000, was used to determine 

the diel rhythm of attraction to betalight. 

A group of thirty adult male Triatoma maculata was 

subjected to the fellowing photoperiodic entrainments 

scotophase 
photo phase 

1300-1500 hours 
1500-1300 hours 

The bugs used in this experiment had emerged 9 days, 

previously, hence a somewhat minimal response to 
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betalight. 

One bug was taken from the group of thirty and placed 

in the actograph. The acto graph was maintained in a 

totally dark insectary in which the temperature and 

relative humidity were constant over a 24 hour observation 

period. In this way the onset and duration of activity 

of the bug could be determined. The number of movements 

made by the bug in the actograph over a 24 hour period 

was taken to give an indication of relative activity. 

Twenty bugs were placed in a polythene choice 

chamber and the experimental procedure used to determine 

the dial rhythm of attraction to betali ght was adopted. 

The chamber was kept continuously in the dark. 

Running these two experiments concurrently it was 

possible to determine whether there was any correlation 

between the two. The results are shown in Table 38 

and figure 19. 

Figure 19 shows how the onset and duration of 

activity as measured by the actograph can be correlated 

with the diel rhythm of attraction to betalight. The 

general activity of the bug is governed very precisely 

by previous photoperiodic entrainment and hence the 

onset and duration of attraction to betalight closely 

follows this pattern of activity. The results 

therefore indicate that bugs are only available to be 

attracted to betalight if and when they are sufficiently 

active. 



TABLE 38 

The relationship between phototactic response 
and ~eneral locomotor activity 

Time 

0900-1200 
1200-1500 
1500-1800 
1800-2100 
2100-2400 
2400-0300 
0300-0600 
0600-0900 

Percentage 
Attraction 

to 
S10/G/2000 

3.7 
34.0 
7.5 
3.7 
o.o 
o.o 
o.o 
o.o 

Number of 
movements 

44 
79 ., 

0 
0 
0 
0 
0 

Total 126 

... 
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notwithstanding the complete absence of a zeitgeber. 

A free-running rhythm which still s hows a distinct 

periodicity must necessarily de pend on some innate 

time-measuring system and the evidence presented here 

suggests that triatomid bugs do indeed possess some kind 

of 'biological clock' which enables a distinct periodicity 

in phototactic response over a period of several days. 

An investigation of the biolo g ical rhythms of triatomid 

bugs should prove a rewarding line of research. 

TABLE 29 
A biolo gical clock in the Triatominae 

PHOTOTACTIC RESPONSE TO BETALIGHT 

Percenta~e Attraction to S10/G/2000 

Time DAY 1 DAY 2 DAY 3 DAY 4 

0700-1000 6.6% 6.6% 1.6% 5.0% 

1000-1300 28.3% 35.0% 26.6% 25.0% 

1300-1600 45.0% 50.0% 53.3% 56.6% 

1600-1900 45.0% 45.0% 33.3% 43.3% 

1900-2200 31.6% 13.3% 28.3% 28.3% 

2200-0100 5.0% 0.0% 1.6% 3.3% 

0100-0400 0.0% 0.0% 0.0% 0.0% 

0400-0700 0.0% o. o~ 0.0% o.o~ 

GENERAL LOCOMOTOR ACTIVITY 

Total number of movements 

Time DAY 1 DAY 2 DAY 3 DAY 4 

0700-1000 1 8 7 8 

1000-1300 14 11 23 15 

1300-1600 66 67 70 74 

1600-1900 7 6 6 4 

1900-2200 0 0 0 0 

2200-0100 0 0 0 0 

0100-0400 0 0 0 0 

0400-0700 0 0 0 0 
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(iv) To demonstrate the presence of a biolo~ical clock 
in triatomid bugs 

The importance of photoperiodic entrainment has already 

been established. In order to determine whether triatomid 

bugs possess some kind of internal physiological 'clock' 

which enables them to maintain a distinct rhythmicity in 

their behavioural patterns in the total absence of time cues 

or 'zeitgebers', the following experimental procedure was 

adopted. The diel rhythm of attraction to green betalight, 

SlO/G/2000, in a group of twenty adult males of Triatoma 

maculata was assessed over a period of four days. Over this 

period of time the bugs were kept in a polythene choice 

chamber within a continually dark insectary. In this way 

the bugs were not subjected to any time cues or 'zeitgebers' 

which might promote a rhythmicity in their behaviour. 

Naturally, the bugs were exposed continuously to the subdued 

glow of the betali ght but, being continuous, it could not 

act as a zeitgeber. 

Concurrent with this experiment on phototactic response 

to betalight, a second experiment, using an actograph, was 

set up to determine the diel pattern of locomotor activity. 

The aim here was to see if locomotor activity could still 

manifest a rhythmic pattern in the total absence of a 

zeitgeber. 

The results, presented in Table ~9 and Figure 20, 

indicate that triatomid bugs will still manifost a rhythmic 

pattern in both their phototactic response to 

betalight and in their general locomotor activity, 
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notwithstanding the complete absence of a zeitgeber. 

A free-running rhythm which still shows a distinct 

periodicity must necessarily depend on some innate 

time-measuring system and the evidence presented here 

suggests that triatomid bugs do indeed possess some kind 

of 'biological clock' which enables a distinct periodicity 

in phototactic response over a period of several days. 

An investigation of the biological rhythms of triatomid 

bugs should prove a rewarding line of research. 

TABLE 39 
A biological clock in the Triatominae 

PHOTOTACTIC RESPONSE TO BETALIGBT 

Percenta~e Attraction to S10/G/2000 

Time DAY l DAY 2 DAY 3 DAY 4 

0700-1000 6.6% 6.6% 1.6% 5.0% 
1000-1300 28.3% 35.0% 26.6% 25.0% 
1300-1600 45.0~ 50.0% 53.3% 56.6% 
1600-1900 45.0% 45.0% 33-3% 43.3% 
1900-2200 31.6% 13.3% 28.3% 28.3% 
2200-0100 5.0% 0.0% 1.6% 3°3% 
0100-0400 0.0% 0.0% 0.0% 0.0% 
0400-0700 0.0% o.o:t 0.0% 0.0% 

GENERAL LOCOMOTOR ACTIVITY 

Total number of movements 

Time DAY l DAY 2 DAY 3 DAY 4 

0700-1000 l 8 7 8 

1000-1300 14 11 23 15 
1300-1600 66 67 70 74 
1600-1900 7 6 6 l.j. 

1900-2200 0 0 0 0 
2200-0100 0 0 0 0 
0100-0400 0 0 0 0 
0400-0?00 0 0 0 0 



iJ) 

1: so 
.QI 

~40 
.8 30 
~ 

Figure 20. 
~10 

A biological clock in 
i,o -

Triatominae? A 
1ii 
~ I OAYI I I 

periodicity in 
DAY2 OAY3 

behaviour in the 70 

absence of a 60 
>. 

zeitgeber. ~so -.<i ~ 

DARKNESS 



167 

8. The phvsiological status of the bug and its effect 
on phototactic behaviour 

(i) The influence of nutritional history on the response 
of adult female Triatoma infestans to green betalight 
SlO/G/2000 

In a previous investigation (Andrewartha, 1972) the 

important influence of nutritional history on the response 

to betalight was clearly demonstrated. The earlier 

experiments were carried out with adult female T. maculata. 

However in this follow-up study adult female T. infestans 

were used. 

In order to test the effect of nutritional h~story on 

the response to green betalight, S10/G/2000, experiments 

were performed l, 8 1 14 and 16 days after a blood meal. 

The magnitude of the diel rhythm of attraction at these 

intervals of time was calculated. Polythene choice 

chambers were used here and the betalight traps were 

equipped with green betalights, S10/G/2000. The bugs had 

been subjected to a scotophase from 1300-1500 hours in 

their photoperiodic entrainment. During the period in 

between experiments the bugs were returned to the 

Photoperiodic Entrainment Chamber so as to allow continual 

phase-setting. 

It is important to note that although a ~roup of bugs 

may together be provided with the chance of taking a blood 

meal on one occasion, there is the possibility that they 

will not all necessarily feed. Furthermore, it is 

probable that if the bugs do feed not all of them will feed 

to the same degree so there is some inevitable biological 

variation in this procedure. It is the~efore di£ficult 
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to attain a situation in which a group of twenty bugs 

will all be of the same precise physiological condition. 

The data from these experiments are shown below in 

Table 40 and a graph of the data is shown in figure 21. 

It can be appreciated from these results that nutritional 

history has an important influence on the bugs' rea ponse 

to a light source. A few days after a blood meal the 

bugs are not remarkably active and hence the response to 

the light source is minimal. However, as the interval 

after the blood meal lengthens, so there is a pro gressive 

increase in activity and thus a gradual increase in the 

response to the light source. 

TABLE 40 

The influence of nutritional historv on the 
response of adult female 'l'riatoma inrestans 

to betalip;bt 

Time 

0700-1000 

1000-1300 

1300-1600 
1600-1900 

1900-2200 
2200-0100 
0100-0400 

0400-0?00 

PERCENTAGE ATTRACTION TO BETALIGHT 

Days after blood meal 

1 8 14 16 

o.o 3.3 18.3 18.3 

5.0 6.6 56.6 68.3 

o.o 1 .3 .3 41.6 23.3 

o.o 3. 3 6 . 6 15.0 

o.o o.o o.o 3.3 

o.o o.o o.o o.o 
o.o o.o o.o o.o 
o.o o.o o.o o.o 

Temperature 2 6 . 9 "0. 
! Relative Humidity 70.0 3 . 0 
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(ii) The effect of nutritional history on the response 
of 3rd instar n:v:mphs of Rhodnius prolixus to blue 

betalif5ht, Cl35/B/90 

As in the preceding experiment the aim here is to 

determine how the nutritional history of the insect can 

influence its response to a light source. 

Polythene Choice Chambers were used to demonstrate 

a diel rhythm of attraction to the betaligbt source, a 

varying number of days after a blood meal. The 

experimental procedure is the same as that outlined in 

the previous experiment. 

Third instar nymphs of Rhodnius prolixua were 

subjected to the following photoperiodic entrainment 

for a period of eight days: scotophaee l~0-1500 

hours, and photophase from 1500-1~00 hours. A group 

of twenty bugs were then allowed to take a blood meal 

and on the following day an experiment was performed 

to determine the magnitude of the diel rhythm of 

attraction to blue betalight, 01~5/B/90. A week 

later the experiment was repeated, and finally 16 days 

after that, the response of the same twenty bugs was 

estimated. 

The results are presented in ·l'able 41 and figure 22. 

The data indicate that nutritional history bas an 

important influence on the bugs' response to betalight, 

for the more hungry the nympha are the greater is their 

reaponae to the betalight source. However, there is 

one curious difference from the result• obtained in the 

case of adult bugs. Whereas on the day following a 

blood meal the response to betalight is minimal in 



171 

adults, in nymphs there is a fairly marked response to 

the light source. The nymphal instars always appeared 

to be remarkably active arter their blood meal, in 

marked contrast to the gross inactivity of the adult 

bugs. Thia difference in activity levels after a blood 

meal is a little difficult to explain but it may be 

assumed at this stage that the blood meal will not haTe 

such a pronounced effect on trap catch as it will in the 

case of adult specimens. 

TABLE 41 

Nutritional history and its influence on the 
raRnonae to betalight in 3rd instar nymphe 
of Rhodniua prolixue 

!!!!!! 
0700-1000 
1000-1300 
1,00-1600 
1600-1900 
1900-2200 
2200-0100 
0100-0400 
0400-0?00 

Percenta~e Attraction to Blue 
betaliQ1it. 0135/B/90 

Days after blood meal 

1 7 16 

5.0% 3.3% 3.3% 
18.3% 28.3% 43-3% 

5.0% 25.0% 35.0% 

3.3% 20.0% 21.6% 

0.0% 0.0% 3.3% 
0.0% 0.0% 0.0% 

0.0% 0.0% 0.0% 

0.0% 0.0% 0.0% 
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adults, in nymphs there is a £airly marked response to 

the light source. The nympbal instars always appeared 

to be remarkably active after their blood meal, in 

marked contrast to the gross inactivity of the adult 

bugs. This difference in activity levels after a blood 

meal is a little difficult to explain but it may be 

assumed at this stage that the blood meal will not haTe 

such a pronounced effect on trap catch as it will in the 

ca■e 0£ adult specimens. 

TABLE 41 

Nutritional history and its influence on the 
resnonse to betalight in 3rd instar nymphs 
of Rhodnius prolixus 

llil 
0700-1000 
1000-1300 
1300-1600 
1600-1900 
1900-2200 
2200-0100 
0100-0400 
0400-0700 

Percenta~e Attraction to Blue 

betalight. 0135/B/90 

Days after blood meal 

1 7 16 
5.0% 3-3% 3.3% 

18.3% 28.3% 43.3% 
5.0~ 25.0% 35.o~ 

3.3% 20.0% 21.6'1 

0.0% 0.0% ,.,% 

0.0% 0.0% 0.0% 

0.0% 0.0% 0.0% 

0.0% 0.0% 0.0% 
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(iii) Post-emergent activity levels of triatomid bugs 

It is postulated that the diel activity levels of a 

bug are influenced by its metabolic reserves. In this 

experiment the post-emergent activity levels of an adult 

female of Triatoma infestans were estimated over a period 

of several days. The diel rhythm of locomotor activity 

could be measured automatically using an actograph 

connected to a Servoscribe pen recorder. •rhese 

instruments have been described previously. 

The aim of this experiment was to determine whether, 

with increasing number of days after emergence, there 

were any marked differences in the activity levels of 

an unfed bug. 

The bug used in this experiment had emerged 36 days 

before the experiment was run. Immediatel~ after the 

bug had been placed in the actograph, lights in the 

insectary were switched off and the bug was maintained 

in total darkness throughout the run of the experiment. 

The bug was not therefore provided with any zeitgeber. 

The results are shown in Tables 42 and 43. There 

is an indication from these that, with increasing 

number of days after the emergence date, there is a 

steady increase in the level of activity shown by 

the triatomid bug. It may be assumed that the 

progressive increase in activity over several days 

reflects the progressive decrease in post-emergent 

metabolic reserves. It may be argued that the increased 

activity will increase the chances of locating the 

next potential blood meal. 



TABLE 42 

Post-emer!l;ent activit;t levels of a triatomid bu5 

Total oumber of' movements/day 

Time Day 1 Day 2 Day 3 Day 4 Day 5 Total 

0100-0400 29 33 49 44 62 217 
0400-0700 4 44 30 56 53 18? 
0700-1000 58 53 32 50 41 234 
1000-1300 51 85 90 185 190 601 
1300-1600 39 44 32 65 79 259 
1600-1900 38 22 18 77 83 238 
1900-2200 35 56 49 83 90 313 
2200-0100 25 30 59 83 83 280 

Totals 279 367 359 643 681 2329 

TABLE 43 

Post-emer~ent activity levels of a triatomid bug 

Mean number of Time of' emergence-
movements per number of days 
day before run of 

ex periment 

00.00 l 

Day 1 11.62 37 
Day 2 15. 29 38 
Day 3 14.95 39 
Day 4 26.79 40 

Day 5 28.3? 41 
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(iv) Post-emergent phototactic behaviour in adult 

Triatoma infestans and Triatoma maculata 

In the previous experiment the general locomotor 

activity of a bug was shown to increase steadily over a 

period of days following the emergence date. 

Preliminary investigations by the author have 

revealed that newly-emerged adult triatomids manifest 

only a minimal response to a betalight source whereas 

those bugs which have emerged some time previously 

exhibit a response ef much greater magnitude. The 

experiments described here were set up to demonstrate 

that phototactic behaviour does in fact reflect the 

post-emergent physiological status of the bug. It has 

already been proved here in this investigation that 

phototactic behaviour is a concomitant of locomotor 

activity, and it seems reasonable to postulate that 

variations in the latter, as demonstrated in the 

previous experiment, should influence the levels of 

phototactic response, e.g. the magnitude of response 

to betalight a varying number of days following 

emergence. 

Inii:ially, newly emerged adult females of T. infestans 

and T. maculata were placed in the Photoperiodic 

~ntrainment Chamber. The bugs were entrained with a 

scotophase from 1,00-1500 hours. To assess the 

varying post-emergent response to green betalight, 

S10/G/2000, in the two species, experiments to determine 

the diel rhythm of attraction were carried out using 

the po lythene choice chambers, 11, 18, and 25 days 
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after the emergence date. It is important to note that 

if bugs were not involved in an experiment they were 

returned to the Photoperiodic Entrainment Chamber. 

The betalight trap in each polythene choice chamber 

was equipped with a green spherical betalight, S10/G/2000. 

A total of twenty bugs was in t roduced into each chamber. 

The bugs tested in this experiment were not g iven a blood 

meal during the post-emergent experimental run. 

The temperature in the chamber was 26.9"C. and the 

relative humidity was 70.0 ! 5.0% 

The results of this study are shown in Tables 44, 45 

and 46. The results are shown graphically in figures 

23 and 24. Newly-emerged bugs exhibit only a minimal 

phototactic response whereas those bugs which have 

emerged some time previous, in this case bugs which had 

emerged 25 days before the experiment, show a much 

greater response to the betslight source. Clearly, in 

the absence of a blood meal, the post-emergent 

physiological status of a bug, i.e. the levels of its 

metabolic reserves, will influence the d e gree of 

locomotor activity and hence phototactic response. 
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TABLE 44 

Post-emergent phototactic responses of triatomid bugs 

(a) Adult female 
Triatoma infestans 

11 days after 
emergence 

Betal.igbt Percentage 
Time 

0700-1000 

1000-1300 
1300-1600 
1600-1900 
1900-2200 
2200-0100 
0100-0400 
0400-0700 

Total 24-hour 
catch in 
betalight 

Trap 

0 
6 

5 

3 
0 
0 
0 
0 

trap 14 

Total Catch 
in Control. 
Trap O 

Attraction 

o.o 
10.0 

8.3 
5.0 
o.o 
o.o 
o.o 
o.o 

(b) Adult female 
Triatoma maculata 

11 days after 
emergence 

Bet alight Percentage 
Trap Attraction 

0 o.o 
4 6.6 

3 5.0 
0 o.o 
0 o.o 
0 o.o 
0 o.o 
0 o.o 

7 

0 
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Post-emer~ent phototactic responses of triatomid bugs 

(a) Adult female (b) Adult female 
Triatoma infestans Triatoma maculata 

18 days after 
emergence 

Time Bet alight 

0700-1000 
1000-1300 
1300-1600 
1600-1900 
1900-2200 
2200-0100 
0100-0400 
0400-0700 

'l'otal 24-hour 
catch in 
bet ali ght 

trap 

1 

12 

15 
8 

1 
0 

0 
0 

trap 37 

Total Catch 
in Control 
Trap 

Percentage 
Attraction 

1.6 
20.0 
25.0 
13.3 
l.6 
o.o 
o.o 
o.o 

18 days after 
emergence 

Bet alight Percentage 
trap Attraction 

0 o.o 
6 10.0 

12 20.0 

7 11.6 
1 1.6 
o . o.o 
0 o.o 
0 o.o 

26 

2 

.. 



TABLE 46 

Poat-emer~ent phototactic responses of triatomid bugs 

(a) Adult female 
Triatoma infest ans 

25 days af"ter 
emergence 

Betalight 
Time 

0700-1000 
1000-1300 
1300-1600 
1600-1900 
1900-2200 
2200-0100 
0100-0400 
0400-0?00 

Total 24-hour 
catch in 
betalight 

trap 

? 
44 

36 
28 

8 

0 
0 
0 

trap 123 

Total catch 
in Control 
trap 8 

Percentage 
Attraction 

11.6 

73.3 
60.0 
46.6 

13.3 
o.o 
o.o 
o.o 

(b) Adult female 
Triatoma maculata 

25 days after 
emergence 

Bet alight Percentage 
trap Attraction 

3 5.0 
38 63.3 
33 55.0 
19 31.6 

1 1.6 
0 o.o 
0 o.o 
0 o.o 

6 
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(v) The Phototactic responses of 5th instar nymphs of 

Triatoma ohyllosoma to blue betalight. Cl,5/B/90 
during the period following ecdysis 

The phototactic behaviour of adult females of 

T. infestans and T. maculata following their ecd~sis was 

studied in the previous experiment. The experiment 

described here is also a study of the behaviour of bugs, 

in this case newly-emerged 5th instar nymphs of 

T. phyllosoma. over a period of time after the ecdysis or 

moult. The aim is to determine whether the physiological 

status following the moult has significance in 

determining the behaTioural patterns of the nymphs. 

A group of thirty 4th instar nymphs of T. phyllosoma 

were given a blood meal. Immediately following the 

blood meal the fully-fed nymphs were photoperiodically 

entrained with a scotophase from 1300 hours to 1500 hours 

in the s pecial Entrainment Chamber. As soon as the 4th 

instar nymphs started to moult through to the 5th instar 

nymphs, the phototactic responses of the bugs were 

studied. The response to blue betalight, Cl35/B/90, 

was tested 2, 6, 11, 18, 2_6, 32, and 40 days after the 

moult. A group of twenty bugs from the thirty entrained 

bu~s , in a polythene choice chamber, was used to assess 

the response to light on each successive occasion. 

The bugs were not given a blood meal over the 40 days of 

the experimental run. Furthermore, the bu~s were 

photoperiodically entrained in the intervals between 

experiments. 

The results a re shown in Table 47 and figure 2 5. 

•rhere is an indication of a gradual increase in the 
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r e sponse to blue betali ght over the 40 days following 

ecdysis. The total number of bugs in the betalight trap 

(designated as b~ in Table 47) at the end of each 24-houn 

experiment was 9, 12, 22, 25, 33, 40 and 97 at 2, 6, 11, 

18, 26, 32 and 40 days respectively after the moult. 

The diel percentage attraction to betalight at each 

successive experiment is also shown in Table 47 (designated 

as pa). Newly-emerged 5th instar nymphs manifest only a 

minimal response to blue betalight, whereas those which 

had emerged some 40 days previously can be seen to 

exhibit a response of much greater magnitude. It is 

postulated that, in the absence of a blood meal over the 

40 days, the bugs had in fact gradually depleted their 

metabolic reserves with a concomitant increase in 

activity. The resultant steady increas e i n activity led 

to a gradually enhanced res ponse to the betalight source. 

It may be supposed that the increase in general activity 

levels of a bug following depletion of its metabolic 

reserves will considerably incre ase the chances of it 

locating the source of its next blood meal. A more 

mobile bug can obviously cover a much wider area over a 

given period of time and with that the probability of 

locating a host must be cons iderably increased . 

Brady (1972 ) a lso r e ports on a steady increase in 

a ctivity with advancing age and starvation in teneral 

ma les of Glossina. This f inding clearly corroborates 

the results obtained in this study. 



0700-1000 0 
1000-1300 9 
1300-1600 0 
1600-1900 0 
1900-2200 0 
2200-0100 0 
0100-()400 0 

0400-0700 0 

Totals 9 

BLE 47. Post-emergent phototact i c rc!:i:>onoes of 5th 
instar nymphs of Triato1, 'l pi1ylloooma 

DAYS AFTER El'iERGENCE 

o.o 0 o.o 0 o.o 0 o.o 0 o.o 2 3.3 I 9 
15.0 5 8.3 7 1.6 8 3.3 1 18.3 20 33.3 
o.o 7 1.6 1 18.3 4 3.3 6 26.6 15 25.0 
o.o 0 o.o 4 6.6 3 5.0 6 10.0 3 5.0 
o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 
o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 
o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o Io 
o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 

12 22 25 33 40 97 
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(vi) The effect of ecdysis on the phototactic behaviour 
of triatomid bugs 

The effect of moulting (ecdysis) on the phototactic 

response to green betalight, S10/G/2000, was assessed in 

Rhodnius prolixus over a period of nine weeks. 

Fourth instar nymphs of Rhodnius orolixus were given a 

blood meal in week 1 (see table 48). The bugs had emerged 

4 weeks previous to the blood meal and had been subjected 

to a photoperiodic entrainment with a scotophase from 1300 

hours to 1500 hours. The bugs' phototactic behaviour was 

studied in a polythene choice chamber at weekly intervals. 

The results are shown in Table 48 and a graph of the data 

is presented in Figure 26. Results for 3 experiments, each 

of 20 bugs, are g iven in the Table. The total number of 

bugs responding to the betalight from 1000 hours to 1900 

hours was noted each week. From this the total percentage 

response to betalight, based on a 9 hour period of activity, 

was calculated for the nine weeks. 

In week 3 the nymphs are preparing to moult hence the 

low value of 8.11%. In week 4 the moult is in progress and 

the total percentage response to betalight is only 1.27%. 

In week 5 the newly-emerged 5th instar nymphs y ield only 

a 4.77~ response. Gradually from weex 5 to week 9 there is 

an increase in the total percentage response from 4.77~ 

to 62%. The enhanced r e sponse to betalight in week 9 may 

be attributed to the fact that the 5th inetar nymphs had 

been fed some 8 weeks previously as 4th instar nymphs. The 

bugs were thus in a very active state after this prolonged 

period of starvation. 

The results show that nymphs will moult after only one 
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blood meal although of course the bugs must engorge quite 

fully with the abdominal integument completely stretched 

to start the moulting process. The results are also 

interesting in that they agree with the quantitative data 

relating to the life cycle of Rhodnius prolixus given by 

Buxton (1930). Buxton found that after feeding 4th instar 

nymphs of Rhodnius prolixus, an ecdysis would occur 

approximately two weeks later. In the experiment presented 

here nymphs fed in week 1 underwent an ecdysis in week 4 

(see Table 48). Generally it was found that an ecdysis 

would always result 2 to 3 weeks after a blood meal. 

Finally, the decline in the total percentage response 

in week 3 could probably result from the fact that metabolic 

reserves might in the week prior to the ecdysis be diverted 

for the complex process of metamorphosis. •rhat being the 

case there would not be sufficient reserves for general 

locomotor activity and hence response to oetalight. The 

physical and 'incapacitating' effect of the actual moult 

in week 4 will obviously decrease the total pe rcentage 

response to the light source. 



TABLE 48 

Week 

1 

2 

3 
4 

5 
6 

7 
8 

9 

188 

The effect of ecdvsis on the phototactic 

response of Rhodnius prolixus to green 

bet alight 

Total number of bugs 
responding to betalight 
from 1000 hours to 1 900 
hours. 

Expt. 1 Expt. 2 Expt. 3 

3? 
60 

19 
4 

10 

22 
20 

50 
110 

30 
52 
10 

l 

8 

20 

15 
58 

107 

40 

58 
15 

2 

8 

15 

19 
57 

118 

Mean 

35.6 
56.6 
14.6 

2.3 
8.6 

19.0 
18.0 

55.0 
111.6 

Total 
percentage 
response 

19.?7 
31.44 

8.11 

1.27 
4.?7 

10. 5 5 
10.00 
30.55 
6 2.00 
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Figure 26. The effect of moulting on the phototactic 
responses of Rhodnius prolixus 
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9. The relationahin between temperature and response 
to betali~ht 

(i) General introduction 

The influence of temperature on the behaviour of the 

insect will be discussed in some detail later on. In a 

laboratory investigation of insect behaviour there are 

perhaps two ways of studying the influence of temperature. 

First, it is possible to investigate the complex metabolic 

processes which ultimately govern the activity of the 

insect and to see how these are related to the ambient 

temperature. (It is known that whereas the metabolism o! 

warm-blooded animals is depressed as the external 

temperature rises, the metabolism of cold-blooded animals 

such as insects, increases.) Second, one can side-step 

the more physiological approach and look at the influence 

of temperature on a behavioural level. In this case the 

investigator is concerned only with the ultimate effects 

of temperature and records all aspects of the insect's 

total behaviour pattern in varying environmental conditions. 

It was decided to adopt this second approach. The behaviour 

patterns of t r iatomid bugs in different temperature 

conditions were observed and recorded. 

(ii) ~h& 1nfluence of temperature on the phototactic 

~AhAv~our of adult female Rhodnius prolixus 

The experimental technique was essentially simple. 

The total numbe r of bugs entering the betalight trap o! a 

polythene choice chamber over a 24 hour observation 

period was noted. The temperature within the central 

chamber 0£ the polythene choice chamber could be altered 

according to the needs or the experimenter by v arying 
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the distance between the chamber and an electric heater, 

in this case a G.E.C. 3 kilowatt rloor heater. For 

example, the nearer the heater was to the Polythene 

Choice Chamber, the higher the temperature within the 

central chamber. This simple technique of varying the 

temperature within the experimental apparatus was used to 

estimate the errects of temperature on the response to 

betalight in triatomid bugs. 

The Polythene Choice Chamber was equipped with a 

thermometer and an Edney paper hygrometer so that a close 

wat.ch could be kept on environmental conditions within 

the central chamber. The two sets or apparatus were 

kept in separate insectaries so that two different 

temperatures could be achieved in the central chambers. 

In the case of Polythene Choice Chamber l the temperature 

of the central chamber was 15.9·0. and that of Chamber 2, 

27.,•c. The relative humidity in the two chambers was 

7?.o ! 4.0%. 

The betalight traps of the two Polythene Choice 

Chambers were each equipped with a spherical green 

betalight, S10/G/2000. With this arrangement any 

difference in the percentage attraction to betalight 

could be attributed to the influence of temperature 

alone, there being no difference in wavelength or 

brightness in the two light sources. 

Adult females of Rhodnius proli.xua were used in this 

preliminary investigation. The bugs were subjected to 

the following photoperiodic entrainment: 

Scotophase 1,00-1500 hours 
Photophaee 1500-1,00 hour• 

The buge had also been subjected to the same 
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environmenta1 conditions in the Photoperiodic 

Entrainment Chamber, so that any dif£erences in 

behaviour could not be attributed to previous environmental 

conditions. The bugs were fed 28 days before the 

experiment so that they were quite active and hence 

readily avai1able to be attracted to a light source. 

The experimental procedure was as follows. At 05~0 

hours bugs were taken from the Photoperiodic Entrainment 

Chamber and introduced via the perspex tube into each 

Polythene Choice Chamber. The bugs were not released 

immediately into the central chamber or the apparatus 

but were retained in the perspex tube ror one hour 

before the experiment was commenced. It has been 

variously shown by entomologists that the body temperature 

or an insect will follow closely that or its surroundings. 

In the insect at rest• over a moderate temperature range• 

heat production in metabolis■ balances heat loss. and 

the resulting body temperature is the same as that o~ the 

surroundings. Furthermore, the body temperatures or 

insects are known to change very quickly. Hoppers o~ 

Locusta. for example, in the shade at 2a·c. were found 

to have a virtually identical body temperature. However 

on exposure to the sun their body temperature rose to 

~6·c. in the first minute. finally reaching 42.7•c. in 

10 minutes. Once the boppers had been returned to the 

shade the body temperature returned to its original 

2e•c. within 6 minutes (Uvarov, 1948). 
The bugs were kept in the perspex tube ~or one hour 

so that their body temperatures could attain the same 

level as that or the experimental ambient temperature. 
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Unfortunately it was not possible to measure the internal 

body temperature of the bugs. However, despite the 

arbitrary period of an hour, the change in body temperature 

will not require one complete hour. Uvarov's review (1948) 

indicates a rapid change over a period of a few minutes 

and it may be supposed that the same is true of triatomid 

bugs. 

At 0630 hours the experiment was started and the two 

polythene choice chambers were then kept in total darkness 

over the following 24 hour observation period. The 

perspex tube was removed and the bugs were thus released 

into the central chamber. At hourly intervals the number 

of bugs entering the betalight traps was noted. A note was 

also made of the temperature and relative humidity in ~he 

central chamber. 

The results obtained from this preliminary investigation 

are summarized below in Table 49 and presented in full 

in Table 50 and figure 27. 

TABLE 49 

'T'hA tnfluence o f temoerature on the phototactic 
behaviour of adult female Rhodnius prolixus 

Choice Chamber l 
Temperature:- 15.9•c. 
Choice Chamber 2 
Temperature:- 27.3•0. 

Total 
Response 

6/126 

48/108 

'l'otal 
Percentage 
Response 

4.?6% 

44.44% 

It will be remembered that the bugs were subjected 

to a scotophase f rom 1300-1500 hours, and so it follows 

that during this per i od the bugs should show the 
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greatest activity and hence maximum response to betalight. 

Considering the data in Table 50 and the graph in figure 27, 

it will also be seen that maximum response to betalight 

occurs from approximately 1030 hours to 1930 hours, just 

a few hours on either side of the period of expected 

maximum activity. It therefore seemed appropriate to 

designate, arbitrarily, 10~0 hours to 1930 hours as the 

period during which the bugs should and indeed do manifest 

their greatest phototactic behaviour. Taking this arbitrary 

period of 9 hours, the total percentage response, shown in 

Table 49 9 could be calculated as follows. The total number 

of bugs available to be attracted to betalight at each hour 

was 14 in the case of chamber 1 and 12 in chamber 2. 

Therefore over the arbitrary 9 hour period the total number 

of bugs available to be attracted to the light source was 

126 in the case of chamber land 108 in chamber 2. On that 

basis the total percentage response was calculated as 6/126 X 

100 in the case of data for chamber 1, remembering that over 

the 9 hours 6 bugs responded to the betalight. In chamber 

2 the total percentage response was 48/108 X 100 9 since 

only 48 bugs responded to the li ght source over the 

designated 9 hours. From these calculations it was found 

that the total percentage response was 44.44~ at a 

temperature or 27.3•0. and 4.76% at a temperature or 

15.9•0. The results therefore ind icate only a fairly 

minimal response at the lower temperature whereas at the 

more elevated temperature or 27.}"C. there is a 

considerably greater response to the same betalight source. 
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TABLE 50 

The influence of temperature on the re1ponse of 
adult female Rhodnius prolixus to green betalight , 

S10/G/2000 

Time 

0730-1030 
1030-1330 
1330-1630 
1630-1930 
1930-2230 
2230-0130 
0130-0430 
0430-0730 

Temperature : 15,g•c. 

Betalight Percentage 
Trap Attraction 

0 o.o 
l 2.3 
5 11.9 
0 o.o 
0 o.o 
0 o.o 
0 o.o 
0 o.o 

Totals 6 

Total in Control 
trap 2 

Temperature; 27,3•c. 

Betalight Percentage 
Trap Attraction 

4 ll.l 
14 38.8 
17 47.2 
17 47.2 

3 B.3 
0 o.o 
0 o.o 
0 o.o 

55 

5 

It was interesting to note that in polythene choice 

chamber 1 with a temperature o! 15.9•0. there was a 

distinct aggregation of bugs at the betalight end of the 

central chamber. The bugs were not very active and were 

positioned very closely together. It would appear 

therefore that even at a low temperature bugs can still 

manifest a minimal attraction to betal ight but because 

the ambient temperature directly affects the activity of 

the insect, the bugs will not be sufficiently active 

to actually enter the betalight trap. A low temperature 

in the field would result in a low trap catch. It was 

al so noted that the bugs in polythene choice chamber 2, 

with virtually double the temperature 0£ Chamber 1, were 

much more active and more easily disturbed by the 

presence of the investigator. 

The conclusion which can be drawn from this 
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preliminary investigation is that as in other insect 

groups (Cornwell, 1968), low temperatures inhibit the 

activity of triatomid bugs and high temperatures usually 

stimulate activi~y. Since temperature influences the 

activity of an insect and since the activity of an insect 

will determine the efficiency of an attractant, insects 

only responding maximally to the attractant if 

sufficiently active, it would seem that temperature will 

be an important environmental factor to consider in any 

field project which involves extensive trapping of 

insects. 

(iii) The influence of temperature on the response of 

adult female Rhodnius orolixus to blue betalight, 

Cl35/B/90 

The experimental procedure described above was adopted 

in this follow-up investigation. Choice chambers land 2 

were used once again but in th i s case the temperature in 

chamber l was 27.3•c. and that in chamber 2 was 15.1•0. 

By this arrangement it was possible to demonstrate 

conclusively that neither chamber offered any bias and 

that both were comparable experimentally. 

The results are shown in Table 51 and Tabl~52. The 

total percenta~e response was calculated as d escribed 

previously on the basis of a maximum activity period 

from 1030 hours to 1930 hours. A total percentage 

response of 44.44~ is evident at 27.3•0. whereas at 15.1•c. 

the total percenta~e response is only 0.92%. Thia 

indicates a considerably greater response to blue 

betalight, 0135/B/90, at the more elevated temperature 

27.3·c. 



TABLE 51 
The +nfluence of temperature on the response of 

adult female Rhodnius prolixus to blue betalight. 

Time 

0730-1030 
1030-1330 
1330-1630 
1650-1930 
1930-2230 
2230-0130 
0130-0430 
0430-0730 
Total 24-hour 
catch 
Total number 
of bugs in 
Control Trap 

TABLE 52 

C135/B/90 

Choice Chamber 2 
Temperature 15.1•c. 

Betalight Percentage 
Trap Attraction 

0 0 
0 0 
1 2.7 
0 0 
0 0 
0 0 
0 0 
0 0 

1 

0 

r.h.= 77 :t 4-% 

'l'otal 
response 

Temperature 27. 3 •c. 52/117 

Temperature 15.1•c. 1/108 

Choice Chamber 1 
Temperature 27.3•c. 

Betalight Percentage 
Trap Attraction 

1 2.5 
15 38.4 
20 51. 3 
17 43.5 

1 2.5 
0 0 
0 0 
0 0 

54 

6 

r.h.= 77 ± 4% 

Total percentage 
response 

44.4-4 

0.92 

Once again it was noticed that bugs in the chamber 

maintained at 15.1•c. were not very active and that they 

remained very close together. The bugs maintained at 15.1•c. 

did not even respond to the dim light of a torch which was 

used during the hourly observat i on periods, whereas those 

in the chamber maintained at 27.3•c. were agitated at the 

slightest illumination. 

This second experiment was carried out on the day 

immediately following the experiment described above. 

Repeating this experiment was useful in that it indicated 
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that even if the bugs had been subjected to 15.9•0. in an 

experiment on the previous day and shown only a minimal 

response, that same group of bugs are still able to show 

a response of greater magnitude at the more elevated 

temperature of 27.3•0. This would therefore seem to suggest 

that a bug has the capacity to be active and therefore 

respond to betalight only if the environmental conditions, 

and in particular temperature, are suitable. The results 

from this and the previous experiment certainly indicate 

that temperature will affect the activity of triatornid bugs 

and hence govern the attractiveness of a betalight source. 
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(iv) An inveetigation of tbe influence or four different 
temperatures, 141 5"C 11 21 1 0"C., 27.3°C,, and 36.0"C, 
op the response or adult female Triatoma maculata to 

green betali!l:ht, S10/G/2000 

The experimental procedure here is the same as that 

described for the two experiments described above. Adult 

female Triatoma maculata. emerged 4 weeks previous to the 

experiment and not fed as adults, were used in this 

investigation. The bugs had been subjected to a 

photoperiodic entrainment in which there was a scotophase 

from 1300 hours to 1500 hours. 

The relative humidity in the central chamber over the 

experimental run was 77 ! 6%. 

The influence of four different temperatures, namely 

14.5"C., 21.o•c., 27.3•0. and 36.0"c., on the response of 

adult female Triatoma maculata to green betali~ht, S10/G/2000, 

was tested. The detailed results are presented in Table 54 

and the total percentage response, tabulated below, is 

calculated on the basis or a 9-hour activity period from 

1030 - 1930 hours. 

TABLE 53 

Total Total percentage 
response response 

Temperature 14.5"0. 1/18 0 0.55 

Temperature 21.0·0. 49/180 27 . 22 

Temperature 27.3•0. 99/180 55.00 

Temperature 36.0"C. 113/180 62.77 

The data from Tables 53 and 54 are shown graphically 

in Figures 29 and 28 respectively. These results indicate 

the important influence or temperature on the activity or 

triatomid bugs and hence, their response to green 
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betalight, S10/G/2000, The results a lso indicate the 

s ignificant effect of temperature on the phototactic 

behaviour of a second s pecies of triatomid bug. 

The relationship between temperature and total percentage 

response to betalight, shown in F i gure 29, is certainly 

interesting . There is a steady increase in the total 

p ercentage response to betalight with each gradual rise in 

temperature, to all intents and purposes, a linear 

relationship. However, betwe en 27.o•c. and 36.0"C., the 

percentage response is beginning to level off. From these 

f igures it may be possible to assume that maximum activity, 

and hence maximum response to betalight, will b e evident at 

a temperature of around 36.o•c. In general, it is found 

that if insects are exposed to a high range of temperature 

over a period of one hour, they will die between 40"C. 

45•c. (Buxton, 1933). Triatomid bugs exposed to a 

temperature of approxiwately 43•c. for one hour are also 

subject to considerable mortality. After a peak of activity 

at about 36•c., a gradual fallin g off in activity is to be 

expected and, at temperatures above that, possibly a rapid 

f all in activity and hence a decline in the respons e to the 

light source. This decline in activity would re s u l t from the 

harmful e f f ects of :tr.t.gh temperatures. 

Although the investigator has no da ta for pe rcentag e 

attraction to betalight between the temperatures of 36.o•c. 

and 43.o•c., it would seem reasonable to postulate that 

between these two temperatures there might be a pro gressive 

decline in the response to betal i ght with the imminence of 

a mortality point at 43•0. 



TABLE 54 

Th8 influence of four different tem~eratures 1 

14.5°0 •• 21.o·c •• 2?.3°c •• and 36.o·c. on the 

response of adult female Triatoma maculata to 

IIU'een betalight, S10/G/2000 

A Temperature 14.5"0. "'3 Temperature 21.o·c. 

Time B.T. C.T. Percentage B.T. C.T. Percentage 
Attraction Attraction 

0?30-1030 0 0 o.o 1 1 1.6 

1030-1330 0 0 o.o 14 2 23.3 

1330-1630 l 0 1.6 19 4 31.6 

16.30-1930 0 0 o.o 16 0 26.6 

1930-2230 0 0 o.o 7 0 l.1.6 

2230-0130 0 0 o.o 0 0 o.o 

0130-0430 0 0 o.o 0 0 o.o 

0430-0730 0 0 o.o 0 0 o.o 

Totals 1 0 57 ? 

r. Temperature 27.;•c. D Temnerature 36.o" c. -
Time B.T. C.T. Percentage B.T. C.T. Percentage 

Attraction Attraction 

0?30-1030 5 0 8.3 8 3 13.3 

1030-l.;530 29 2 48 • .3 45 3 75.0 

1330-1630 38 7 63,3 36 1 60.0 

1630-1930 32 8 53.3 32 0 53.3 

1930-2230 10 3 16.6 14 5 23.3 

2230-0130 0 0 o.o 1 0 1.6 

0130-0430 0 0 o.o 0 0 o.o 

0430-0730 0 0 o.o 0 0 o.o 

Totals 114 20 136 12 

Abbreviation■ 1 B.T. • Betalight Trap 
C.T. • Control Trap 
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(v) The effect of a low temperature, 8,5"C., on the 
behaviour of adult female Rhodnius prolixue 

The experimental procedure here was the same as that 

described in the previous three experiments. Adult female 

bugs of Rhodnius prolixus which had emerged 14 days previous 

to the experiment and which had not been fed as adults were 

used. The bugs were subjected to the photoperiodic 

entrainment already described. A polythene choice chamber 

equipped with a spherical green betalight, S10/G/2000, was 

placed in a light-proof Gallenkamp cool incubator. The 

resulting temperature in the central chamber or the choice 

chamber was s.5•c. A total of twenty bugs was available to 

be attracted to the betalight source at each hour. The 

results are tabulated below. 

TABLE 55 

Time 

0700-1300 
1300-1900 
1900-0100 
0100-0700 

Percentage Attraction 
to Sl0/G/2000 at 

a temperature of s.5•c. 
0~ 
0% 
0~ 
0% 

Relative humidity• 77.0 ± l.0~ 

Bugs show only minimal activity at 15.9•c. so it was 

to be expected that at a lower temperature of a.5•c., 
there would be a complete inhibition or activity and 

hence no response to a betalight source. The bugs were 

completely immobile throughout the experiment, gentle 

prodding with a dissection needle not even stimulating 

the bugs to move. 

At the end of the experiment the bugs were returned 

to a temperature of 25.o•c. and at this temperature the 
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bugs were found to be alive and comp letely act i ve. 

Therefore it would appear from this experiment that 

exposure to 8.5•c. over a 24 hour period is not fatal for 

triatomid bugs. Thi s is perhaps not a surprising result 

for insects in general can survive temperatures many 

degrees below that which they encounter in nature. Some 

can also survive prolonged exposure to cold (Buxton, 1933). 

The desert locust, Schistocerca ~regaria. for example, is 

found to be in a state of cold stupor below 17.o•c., and 

only b e gins to resume activity between 17.o•c. and 20.o•c. 
(Fraenkel and Gunn, 1961). Obviously in the case of 

adults of Rhodnius prolixus the low temperature of a.5•c. 
inhibits activity but is not sufficiently low to result in 

mortality. It is interesting to note in this connection 

that at a certain low temperature, varying with the species, 

insects can become completely immobilized. Mellanby (1939) 

has described this as the chill-coma temperature. However, 

the chill-coma temperature, which i s the temperature at 

which the insect is immobilized, ■ust be distinguished 

from the cold death point, the temperature below which 

exposure is lethal. A great deal u.ore experimentation is 

necessary to determine the chill-coma temperature for all 

triatomid bugs. Certainly for the tsetse fly, Glossina, a 

temperature of a.o•c. prevents all movements (Mellanby, 

1936), and it would seem t hat for Rhodnius prolixus, at 

least, a temperature of a.5•c. brings about ehill-eoma 

( Wigglesworth, 1965). On the basis of these findings it 

se ems reasonable to conclude that a temperature or e.o: or 

thereabouts will result in triatomid buga entering a 

state or chill-coma. 
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(vi) The relationship between temoerature and locomotor 
activity in triatomid bugs 

The temperature at which maximum locomotor activity 

may be achieved in triatomid bugs was assessed in the 

following experiment. The percentage activity of a group 

of twenty adult Triatoma infestans was calculated at 

twelve different temperatures, ranging from 10•0. to 

21.7•0. The different temperatures were achieved by 

using a Gallenkamp cool incubator. The bugs were kept in 

the central chamber of a polythene choice chamber which 

was in turn placed in the incubator. The choice chamber 

was not equipped with a betalight. The relative humidity 

in the choice chamber was approximately 70~ in each 

experiment. Bugs were maintained at each respective 

ambient temperature being tested for one hour before 

testing their activity. To test activity, each bug in 

the group was gently stroked on the abdomen with the tip 

or a camel hair paint brush. A note was made of the 

total number ot bugs which responded to the stimulus 

at each temperature and from this the percentage activity 

was calculated. A bug was regarded as being active if it 

moved only slightly on being subjected to the stimulus. 

The results shown in Table 56 are based on three 

experiments. Mean percentage activity ranges from nil at 

10•0., to 15~ at 16"0., increasing just over two-fold 

trom 36.6% at 1a•o. to 81.6~ at 19.5•0., and finally 

achieving 100,, at 21.7•0. These results are represented 

graphically in figure ,o. Mellanby (1939) believes that 

the influence ot temperature on the general behaviour of 
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insects is very consistent despite some individual 

variations and so, from this point of view, the results 

obtained may be valid for theoretical consideration of 

those factors likely to influence the trapping of bugs in 

the field. The fact that a temperature of 21.7•c. gave 

100% activity in triatomid bugs agrees with Fraenkel and 

Gunn's finding (1961) for the desert locust, Schistocerca 

gregaria. which will only become active between 17.o•c. 

and 20.o•c. It is suggested that locomotor activity in 

triatomid bugs will only be maximal at or around 21•0. A 

correlation between locomotor activity and response to 

betalight has already been drawn and on that basis 

therefore, excluding the influence of other environmental 

and physiological factors, it must be supposed that at 

approximately 21•c., bugs are, at least, sufficiently 

active to show some kind of response to betalight. However, 

other experiments in this investigation have indicated 

that temperatures above 21•0. will considerably enhance 

the response to betalight. Therefore it is postulated 

that although activity may be maximal at or around 21•0., 

above this temperature there is a progressive increase 

in the degree of locomotor activity and hence a 

considerably greater phototactic response. A temperature 

of 21•0. may be accepted for field purposes as a lower 

limit below which the possibility of trapping bugs 

steadily declines. 
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TABLE 56 
Percenta~e aetivity ot adult Triatoma infestans 

over a temperature range of 10,o·c, - 21.z·c. 

Temperature Number of bugs 
·c. Rctive out of 20 Mean 

Percentage 
Expt. l Expt. 2 Expt. 3 activity 

10.0 0 0 0 0 

11.0 0 0 0 0 

12.0 0 0 0 0 

13.0 1 0 1 3.3 

14.5 2 1 2 a.3 

15.0 3 2 4 15.0 

16.0 3 4 2 15.0 

18.0 7 8 7 36.6 

19.0 12 13 10 58-3 

19.5 13 15 15 81.6 

20.2 16 17 19 86.5 

21.7 20 20 20 100.0 
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(vii) ThA tn~luence of temnerature on the phototactic 
behaviour of adult female Triatoma in!estans 

The experimental procedure has been outlined 

previously. In this experiment the influence of three 

different temperatures, namely, 7.6"C., 22.o•c. and 27.3•0., 

on the response of adult female Triatoma infestans to 

green betalight, S10/G/2000, was tested. The bugs had 

emerged 17 days before the run of the experiment and had 

not been fed as adults. The bugs were therefore quite 

active and readily available to be attracted to betalight. 

The relative humidity in the central chamber was 77.0 ! 

6.0%. 

The results are shown in Tables 57 and 58 and a 

graph obtained from this data is shown in figure 31. In 

entrained females of Triatoma infestans, post-emergence 

starved for 17 days, there was no attraction to betalight 

at 7.6°0., but at 22.o•c. there is a broad plateau ot 

maxuium attraction, ot 13% - 15%, between 1000 and 1900 

hours. At 27.3•0. an 8.3% attraction between O?OO hours 

and 1000 hours increased to 75% by 1300 to 1600 hours 

and then declined progressively in the subsequent 

3-hourly periods to 58.3~ , 15.0%, 1.6% and by 0100 to 

0400 hours to a nil response. Clearly, temperature also 

influences the activity of Triatoma in!'estans and hence 

their response to betalight. The low temperature of 

7.6"C. brings about a chill-coma in this epecies, since 

on subsequently raising the temperature the bugs resume 

activity. It was stated earlier that a temperature ot 

approximately s.o•c. may indeed be the chill-coma 

temperature tor triatomid bugs in general. The cold death 
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TABLE 5? 

The in.f'luence of three di!ferept temperatures. 
2,G·c,, 22,o·c,, and 27,3•c, on the response 
ot 20 adult female T, in.f'estppft to S10/G/2000 

Temperature 7.6"C. 

Number of bugs in betalight Mean 
Time trap Percentage 

Expt. l Expt. 2 Expt. 3 Attraction 

0?00-1000 0 0 0 0 

1000-1300 0 0 0 0 

1300-1600 0 0 0 0 

1600-1900 0 0 0 0 

1900-2200 0 0 0 0 

2200-0100 0 0 0 0 

0100-0400 0 0 0 0 

0400-0?00 0 0 0 0 

Temperature 22.o•c. 

0?00-1000 l 0 2 1.6 

1000-1300 8 6 10 13.3 

1300-1600 9 10 8 15.0 

1600-1900 9 7 11 15.0 

1900-2200 2 1 3 3.3 

2200-0100 0 0 0 0 

0100-0400 0 0 0 0 

0400-0?00 0 0 0 0 

'1'1tm0erature 27.~•c. 

0700-1000 5 2 8 8.3 

1000-1300 1? 12 22 28.3 

1300-1600 45 46 44 75.0 

1600-1900 35 33 37 5a.3 

1 900-2200 9 9 9 15.0 

2200-0100 1 2 0 1.6 

0100-0400 0 0 0 0 

0400-0?00 0 0 0 0 
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TABLE 58 

Total response Total percentage 
tor 9 hours response :for 

Experiment 1 

Temperature 7.6·c. 0/180 0 

Temperature 22.o·c. 26/180 14.44 

Temperature 27.3•c. 97/180 53.88 

point has not been determined in this investigation. 

The results in Table 57 are for three experiments 

carried out at each ambient temperature. A mean percentage 

attraction :for each }-hour period was calculated and the 

results are shown graphically in figure 31. 

The steady rise in activity and concomitant phototactic 

response with increased temperature has been shown 

conclusively :for three species of triatomid bug. It seems 

reasonable to conclude that temperature will be o:f equal 

importance for other triatomid species and that it is 

an integral factor likely to determine the relative 

success of any trapping procedure. 
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(viii) The influence of temperature on the speed of 

movement in adult female Triatoma maculata 

The speed of locomotion or movement of any insect can 

be estimated by simply recording the time taken tor that 

insect to walk a certain measured distance. In this 

preliminary experiment the speed of locomotion of an adult 

female of Triatoma maculata was estimated. The experimental 

apparatus used for this purpose has been described previously. 

The effect of four different temperatures on speed of 

locomotion was tested, namely, 10.o•c., 14.9"C., 24.1•0., 

and 27.3•0. The glass chamber of the apparatus used was 

equipped with a thermometer so that the temperature of the 

air in the chamber could be read during each experiment. 

The actual temperature within the chamber could be 

regulated according to the needs of the experimenter by 

varying the distance between the chamber and an electric 

heater, in this case a G.E.O. 3 kilowatt floor heater. In 

the caee of a required temperature of 14.9•0. the experiment 

was cerried out in a second unheated insectary. A low 

temperature of 10.0•0. was achieved in a Gallenkamp cool 

incubator. The relative humidity in the chamber was 

approximately 70% in each experiment. 

The bug used in this study had emerged 17 days before 

the experiment and had not been fed as an adult. The bug 

had been subjected to a photoperiodic entrainment with a 

scotophase from 1300 hours to 1500 hours, and corr~spondingly 

a photophase from 1500 hours to 1300 hours. The experiment 

was therefore carried out during the period of maximum 

activity, between 1300 hours and 1500 hours, corresponding 



to the scotophase 0£ the entrainment. 

The experimental procedure was as follows. At the 

beginning 0£ the experiment a bug was introduced into the 

glass cylinder, the aperture between the cylinder end the 

chamber being closed to prevent the bug entering the 

chamber immediately. The bug was left !or one hour in the 

cylinder at each ambient temperature being tested, prior 

to the run 0£ the experiment. As stated previously, one 

hour was selected as an arbitrary time period and this 

enabled the body temperature of the insect to be in 

equilibrium with that of the ambient temperature being 

tested. 

A!'ter a period of one hour the bug was released and 

the time taken !or the bug to walk a d istance of 22 cm. 

was noted. Each experiment was carried out in a dark 

insectary and no attractant was placed in the chamber, 

i.e. no chemical or light attractant. The aim here ~as 

not to determine the time taken to react to and move 

towards an attractant or any kind, but simply to see how 

temperature can influence the rate or locomotion. 

The bug was marked with a small spot of phosphor 

powder, type •c• Batch Sulphide G.E.C. research 

laboratories, absorbed in paint so that it could be 

detected in the unilluminated insectary. The limits 

or the arbitrary distance were also marked with the 

phosphor powder paint. 

Once the bug had moved from the glass cylinder and 

walked the arbitrary distance or 22 cm., the time taken 

to cover this distance was noted and the bug was returned 
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to the releasing point. This procedure was repeated 

many times so that a mean estimate of speed could be 

obtained. It is important to note that although no 

attractant, such as betalight, was used in this 

preliminary experiment, it was therefore necessary on 

occasion to apply some stimulus to the bug. It has been 

observed frequently that bugs will not generally move 

unless provided with a suitable stimulus of some kind or 

another. Furthermore, the phenomenon of thigmotaxis seems 

to manifest itself in triatomid bugs. I! bugs are not 

subjected to some kind o! stimulus they may therefore, on 

occasion, come to rest in any suitable corner or crevice 

of the apparatus. To overcome this problem, on opening 

the aperture between the c7linder and the chamber, the bug, 

it stationary, was stroked on the abdomen with the tip ot 

a camel hair paint brush, this mild stimulus encouraging 

the bug to leave the releasing point and walk the 

arbitrary distance. Interestingly, McConnell and Richards 

(1955) in their study of the speed of locomotion in the 

cockroach found it neceasary to stimulate the cerci of 

the insect in order to induce it to move. In this 

investigation the stimulus was applied when necessary and 

so the time taken !or the bug to walk the arbitrary 

distance was thereby estimated. 

The results are shown in Table 59 and a graphical 

representation of the data is shown in figure 32. Rates 

of movement ranged from immobility at 10.o•c. to a mean 

of 2.97 cm./sec. at 14.9•0., to 8.42 cm./sec. at 24.l"C., 

and 10.78 om./eec. at 27.3•0. The results indicate that 
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the speed of locomotion bears a distinct relationship 

to temperature and that the actual rate of locomotion 

is considerably faster at higher temperatures. Thie 

finding agrees with that of other investigators, notably 

Hughes (1965), who have shown that the speed of 

movement will vary very greatly from one i nsect to another, 

but in general is considerably faster at higher 

temperatures. Mellanby (19~9) in his investigation has 

shown that at each particular temperature above the chill 

coma point, all 'healthy' insects should move at 

approximately the same speed and that even though there 

might be individual variation, in general, behaviour is 

very consistent. 

From these preliminary results it may be possible to 

postulate that increased response to a betalight source 

at more elevated temperatures could result from a direct 

effect on speed of movement. The greater ambulatory 

activity at higher temperatures enhances the possibility 

that the bugs might perceive the light source with a 

resultant increased effectiveness of the light in 

attracting bugs. 
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TABLE 59 
The influence o:f temperature on the spe e d of 

movement in adult fe male Tria toma maculat e 

Tirno taken to walk a d i st ance of 22 cm. at four 

di:f:ferent temperatures 

1o·c. 14.9"C. 24.l"C. 24.l"C. 27.:,~c. 27.5•c. 

1. 9.0 sec. 1.7 sec. 2.0 sec. 1.4 sec. 2.9 sec. 
2. 4.9 sec. 2.1 s e c. 1.9 sec. 2.~ sec. 1.9 sec. 

3. 9.1 sec. 2.9 sec. 3.0 sec. 2.1 sec. 2.5 sec. 

4. 5.0 sec. 2.1 sec. 3.2 sec. 3.0 sec. 2.5 sec. 

5. 8.1 sec. 3.1 sec. 3.0 aec. 1.9 sec. 2.1 sec. 

6. 8.0 sec. 2.9 sec. 3.0 sec. 1.5 sec. 2.7 sec. 

7. 8.0 sec. 1.9 sec. 2.4 sec. 1.6 sec. 2.0 sec. 

8. a.a sec. 3.2 sec. 3.0 sec. 2.9 sec. 1.6 sec. 

9. 7.3 sec. 3.1 sec. 3.1 sec. 1.9 sec. 2.0 sec. 

10. 6.4 sec. 3.3 sec. 3.1 sec. 2.0 sec. 2.1 sec. 

11. 7.1 sec. 3.0 sec. 2.9 sec. 2.0 sac. 1.9 sec. 

12. 8.0 sec. 2.1 sec. 2.1 sec. 1.9 sec. 1.9 sec. 

Mean 7.4 sec. 2.6 sec. 2.7 sec. 2.0 soc. 2.1 sec. 

Mean 
Speed • 
cm./ 
sec. 0 2.973 8.429 10.78 
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ix. The relationshin between temperature and speed o! 
movement in adult female Triatoma infestans 

The experimental procedure adopted here is the same 

as that described in the previous experiment. The speed 

of movement of three adult females of Triatoma in!estans 

was estimated at four different temperatures, namely, 

10.0"C., 14.9"C., 24.l"C., and 27.3•c. The bugs, 

designated as A, B, and C, were maintained at each 

respective ambient temperature tested for a total of one 

hour prior to the start of the experiment. The 

experimental plan set out in Table 60 was followed. 

TABLE 60 

Experimental Plan 

Bug A B C 

Experiment 1 24.l"C. 10.o·c. 14.9"C. 

Experiment 2 10.o·c. 14.9"C. 27.3•c. 

Experiment 3 14.9•c. 27.:,•c. 24.l"C. 

Experiment 4 27.3•c. 24.l"C. 10.0· c. 

It will be seen that four experiments were set up to 

assess the influence of temperature on the speed of 

movement in each ~ndividual bug. Each experiment in turn 

consisted of 20 observations to note the speed of 

movement .in bugs A, B, and c. 
The entire experiment was started at 1200 hours which 
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corresponded to the beginning of the period of activity 

as governed by photoperiodic entrainment. The bugs had 

been subjected to a scotophase from 1300 hours to 1500 

hours. 

The results are shown in Tables 61, 62 and 63 and a 

graphical representation of the data is shown in 

f i gure 33. The data pres ented in Tables 61, 62 and 63 

are records of the time taken for each bug to walk a 

distance of 22 cm. at four different temperatures. 

Rates of movement (based on data for the three bugs) 

ranged from immobility at 10•0., to a mean of 3.0 cm./sec. 

at 14.9"0.,of 5-? cm./sec. at 24.l"O. and 8.5 cm./sec. 

at 27.3•0. Once a gain temperature can be seen to exert 

a d istinct influence on speed of movement. The increased 

speed of movement at more elevated temperatures may 

therefore account for the gr eater magnitude of response 

to betalight which is evident in situations with a high 

temperature. A full consid eration of the way in which 

temperature may indeed bring about these fluctuations 

in the response to betal ight i s p resented i n the 

Discussion. 
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TABL"S 61 

The inf'luence of tcmoerature on the snced of' 
fa"lO VC!':lent in adult f'e J11 nle 'I'riatom 3. inf'esta.ns 

BUG "A" 

Experiment 
Number Expt. 1 Expt. 2 Expt. 3 Expt. 4 

Temperature 
·c. 24.1 10.0 14.9 27.3 

1. 3.5 sec. 8.1 sec. 1.5 sec. 
2. 3.1 sec. 8.0 sec. 1.0 sec. 

3. 2.1 sec. 15.5 sec. 1.3 sec. 
4. 4.9 sec. 12.9 sec. 2.0 sec. 

5. 5.0 sec. 6.4 sec. 2.0 sec. 

6. 5.0 sec. 7.0 sec. 1.1 sec. 

7. 3.9 sec. 9.2 .sec. 1.5 sec. 

s. 4.9 sec. a.o sec. 1.5 sec. 

9. 3.9 sec. 9.9 s e c. 2.0 sec. 

10. 3.0 sec. 7.9 sec. 1.0 sec. 

11. 4.0 .$. OC. 7.9 s e c. 3. 0 Si.JC • 

12. 4.6 sec. 6.2 sec. 2.7 sec. 

13. 4.1 sec. 9.5 sec. 3. 9 S<.!Ce 

1~ 2.5 sec. 15.0 sec. 2.7 sec. 

15. 2.5 sec. 12.5 sec. 2.3 Gee. 

16. 4.5 sec. 11.6 sec. 1.0 sec. 

17. l~. 9 s ec. 12.5 se c . ?. • 0 S'? C. 

18. 4.2 sec. 9.2 sec. 2.5 sec. 

19. 3.0 sec. B.7 soc. 2 . 0 51.~C . 

20. 3.0 sec. 12.7 sec. 3.5 sec. 

Totnls ?6.6 riec. 1 98.? sec . 1~0. 5 sec. 

1-:00.n ;:S.83 u~ c. 9.93 se c. 2 . 02 .:J(;C • 

t:con 
Speed in 
cm/oec 5.744 0.000 2.216 10.89 
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TABJ,,~ 62 

The influence of tcrmcrature on the speed of 
movement in adult female Trinto~n infcstans 

BUG "B" 

Experime nt 
Number Expt. l :SXpt. 2 E,'xpt. 3 li:xpt. 4 

'l'e r.iperature 
·c. 10.0 14.9 27.3 24.l 

1. 9.0 sec. 4.1 sec. 2.9 sec. 
2. 9.0 sec. 2.0 sec. 4.0 sec. 

3. 10.0 sec. 3.0 sec. 3.7 sec. 
4-. 7.2 sec. 3.9 sec. 4.0 sec. 

5. 9.0 sec. 2.5 sec. 3.1 sec. 
6. 6.0 sec. 4.0 sec. 3.9 sec. 

7. 8.1 sec. 2.0 sec. 4.0 sec. 

8. 7.8 sec. 3.0 sec. L~. l sec. 

9. 8.0 sec. 3.5 sec. 4.1 sec. 

10. 9.1 sec. 3.7 sec. 3.1 sec. 

11. 10.0 sec. 3.0 sec. 3.1 sec. 

12. 7.5 sec . 2.8 s e c. 5. 0 s-::c . 

13. 9.1 sec. 4.0 sec. 3.5 sec. 

14. a.o sec. ::i . 5 sec. 5. 0 :::.e c . 

15. 13.5 sec. 3.1 sec. 3.0 sec. 

16. 12.0 sec. 3.1 sec. 4.1 s e c. 

l?. 9.9 sec. 2.5 sec. 3.2 sec. 

18. 8.0 sec. 3.0 sec. 2.5 £ec. 

19. 9.1 sec. 3.1 sec. 3.5 sec. 

20 . 10.0 zec . 3. 1 :. c c . 3. 5 ~1~ C . 

Totals 180.3 sec. 62. 9 sec . 75. 3 $C C. 

t~ean 9.01 soc. 3.14 sec. 3.66 oec. 

r.c an 
Opeed 

6.010 cm/oec. 0.000 2.L~42 7.006 
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The influence of ter.merature on the sneed of 

movement in ~dult female Triatoma infestans 

BUG 11 ,-.11 
V 

F.xperirncnt 
i;u:aber 

Ter::perature 
• c. 

1. 
2. 

3. 
4. 
5. 
6. 

7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

'l'otals 

l"'. ean 

r·e .'ln 
3pecd 
co/s ec. 

Expt. 1 

14.9 

2.9 sec. 
15.0 sec. 
6.0 sec. 
3.0 sec. 
3.2 sec. 
3. O sec. 
3.9 sec. 
4.9 sec. 
4.8 sec. 
3.0 sec. 
4.6 sec. 
:,.9 sec. 
4.9 sec. 

5.0 sec. 
6.0 sec. 
4. 3 sec. 
4.0 sec. 
9.0 sec. 
4.4 s e c. 
5.5 sec. 

101.3 sec. 

5.06 soc. 

4 • ':J4'i 

Expt. 2 Expt. 3 ?.xpt. 4 

27.3 24.l 10.0 

2.7 sec. 4.1 sec. 
2.0 sec. 5.0 sec. 
2.0 sec. 6.0 sec. 
3. 6 sec. 5.0 sec. 
2.9 sec. 4.0 sec. 
3.9 sec. 3.5 sec. 
2.5 sec. 4.0 sec. 
3.2 sec. 3.2 sec. 
3 .o sec. 4.8 sec. 
4.1 sec. 3.9 sec. 
2.0 sec. 3.0 sec. 

2.3 sec. 3. 5 sec. 

3.7 sec. 2.5 r-;ec. 

.,.o Si::Co 3.1 sec. 
2.2 sec. 4.5 sec. 
2.1 sec. 4.0 sec. 
3.4 sec. 5.0 sec. 

3.0 sec. 4.7 sec. 

2. 9 sec. 4.0 sec. 
3.0 sec. 4.0 soc. 

57.5 se c. 81.8 .3C C. 

2. 37 :;ec. L~.09 sc= c. 

7. 665 5.579 o.uuu 
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Figure 33. The influence of temperature on speed 
of movement in adult female 
Trinto~a infestnns. (Mean speed 
computed from data for three bugs). 
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10. The effect o! amb~ent relative humidity op phototactic 
behaviour 

(1) Introduction 

The effect of relative humidity on the phototactic 

behaviour of triatomid bugs did not prove to be so readily 

or easily assessed as that of temperature and this 

environmental factor has not therefore been investigated 

here as thoroughly as it was hoped. First, there are 

fairly insurmountable problems in maintaining the relative 

humidity within the choice chamber at a constant level 

throughout the run of an experiment. A relative humidity 

of approximately 80% - 90% was maintained easily enough 

in the choice chamber but it was more difficult to achieve 

a relative humidity below a level of ~0%. Initially this 

problem seemed to have been solved by using a Weyco 

Refrigerated Climate Cabinet (Fisons Scientific 

Apparatus Ltd., England) in which the experimental choice 

chamber could be placed. The cabinet is able to provide 

certain environmental conditions which may be easily 

controlled. The cabinet consists essentially of a working 

chamber which is situated directly over a s pecial 

air-treatment system. Within this system the air is 

pre-treated so that it corresponds to the environmental 

conditions required by the experimenter. It was possible 

to control temperature levels within the cabinet fairly 

accurately but there were some p roblems in maintaining 

a constant relative humidity. A second drawback resulted 

trom the considerable amount of noise and vibration inherent 

in the cabinet's motor mechanism. This constituted the 

most serious disadvantage in a behavioural study or this 
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kind and so work with the cabinet was abandoned. 

Attempts were therefore made to control the relative 

humidity within the central chamber of the polythene 

choice chamber by using solid potassium hydroxide (KOH). 

Potassium hydroxide is a white deliquescent solid which 

has found a useful application as a hygroscopic material 

in entomological experimentation. More usually, specially 

formulated solutions of potassium hydroxide are used for 

controlling humidity but lack of space did not make this 

a practical technique in the choice chamber. In any case, 

solutions of potassium hydroxide cannot achieve very low 

humidities, the lowest obtainable being in the region of 

However, since the air surrounding a solid piece 

of potassium hydroxide can have a relative humidi-y of as 

low as,% - 4%, it was decided to fill the floor of the 

chamber with ground potassium hydroxide. This thin layer 

of potassium hydroxide was covered over with a sheet of 

~ilter paper so that the bugs had a normal surface on 

which to walk. At the same time, small muslin bags 

containing silica gel (Si02 .H20) and potassium hydroxide 

were hung from the roof of the chamber in order to 

achieve a reduction of the atmospheric humidity in the 

chamber. Silica gel absorbs water vapour very readily 

and so also constitutes a useful hygroscopic material. 

The minimum relative humidity achieved using this 

technique was approximately ~O~ since it was difficult 

to obtain a reasonably airtight situation with the 

apparatus used. The drawbacks were incurred both in 

apparatus design and experimental procedure. Ae regards 

the latter, on returning bugs to the central chamber at 
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each hourly observation it is difficult to obviate fluctuations 

in humidity during the transfer. 

(ii) Testing the effect of relative humidity on the response to 
betaligbt in adult Triatoma infestans 

In order to determine a possible effect of relative 

humidity, two choice chambers were used each equipped with a 

spherical green betalight of 2000 microlamberts ( S10/G/2000). 

In a pparatus A the temperature was 27.3•c. and the relative 

humidity was 29 :t 3 ,;. This humidity was achieved using the 

hygroscopic materials and procedure just described. In apparatus 

B the temperature was also 27.3•c. with a relative humidity of 

90 i 3 ~. This humidity was achieved by omitting the 

hygroscopic material and at the same time hanging a piece of 

damp cotton wool wrapped in muslin from the roof of the central 

chamber. The experimental procedure used to determine a d iel 

rhythm of attraction to betalight was followed and the 

experiment was run over three days. Adult female Triatoma 

infestans! post-emergence starved f or 32 days, were used in 

this experiment. 

The results are shown in Table 64. There appears to be no 

substantial difference in the response to betalight at either 

humidity tested. There is, in the p eak p e riod of response, a 

a difference in the mean p ercentage attraction of 2.2~ , i.e. 

a slightly greater response at the l ower humidity. However, it 

may be that humidities below 29~, mi ght have some ef i' ect on 

phototactic behaviour. The results of this investigation have 

b e en discussed in detail later in the thesis. 
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TABLP. 64 
• 

'l'be effect sir relative huLJiditY on the resoon~e to betalie;ht iD 

adult female Triatoma iutestans 

.Apparatus A B•B1• ~.o! ,.o~ 

!lean Nean 
ne. of bua11 in " UM B.T. P • .l. B.T. P • .l. B.T. P • .l. betalight trap Attn. 

0'700-1000 2 '·'" 2 '·'" 4 6.6" 2.66 4.11-,lll 

1000-130() 24 4-0.0lll 25 41.6" 26 
11-,. '" 

25.00 11-1.66" 
1,00-1600 28 46. 6" 22 ,6.6" 25 41.6" 25.00 41.66,; 
1600-1900 19 31.6s; 22 ,6.6" . 22 36.6" 21.00 35.00,; 
1900-2200 10 16.6" 11 18.:,,; 17 26.3" 12.66 21.10,r, 
2200-0100 0 o.o,; 0 o.o, 0 o.o" 00.00 o.oo,; 
0100-0400 0 o.o" 0 o.o,-; 0 o.o,-; 00.00 o.oo• 
0400-0700 0 o.o,; 0 o.o" 0 o.o;; 00.00 o.oo" 

Total• e, 82 94 66.32 

.lpparatua !I R.R .• CJo.o! ,.o,i1 

Nean l'lean 
no. of bug11 in " i.. B.T. P • .l. ll,T. P • .l, B.'r. P • .l. betalight trap Attn. 

" . 0?00-1000 2 3.3,. 4 6.6" l 1.6" 2.,, :,.e6,; 

1000-1300 '' 55,0lll 12 20.o~ 26 4,.,, 2,.66 ,9.4'" 
1,00-1600 24 4-0.o,-; 25 41.6" lj ,1.6" 22.66 ,1.76" 
1600-1900 17 26.3" 22 :,6.65' 17 26,3" 18.66 :,1.10• 
1900-2200 7 11-6" 4 6.6, 9 15.0,s 6.66 11.10,; 

2200--0100 0 o.o,i 0 o.o" 0 o.o, 00.00 o.oo,; 

0100-0400 0 o.~ 0 o.o• 0 O.Olll 00.00 o.oo,i, 

04-00-0700 0 o.o,:. 0 o.o• 0 o.o,-. 00.00 o.oo,11 

Totlala e:, 67 72 73.97 

AbbraYiationa, !l,T.• number of bug• in !lataligbt Trap 
P • .l.• Farcent•G• Attraction 



11. The combination of betalight and butyric acid as an 
attractant for triatomid bu~s 

(i) Attraction of 4th instar nymphs of Rhodnius prolixus to 
n-butyric acid 

The aim of this experiment was to see whether triatomid 

bugs could be attracted to a source of n-butyric acid, 

CH3 .cH2 .cH2 .cooH. A g lass choice chamber was used to study 

the bugs' responses to butyric acid. The chamber was not 

equipped with a betalight. One of the glass bottles of the 

chamber was filled with a small quantity of silica c;el onto 

which a few drops of n-butyric ac id was poured. The butyric 

a cid was thus adsorbed by the silica gel and the acid could 

be detected as a distinct emanation throughout the twenty-four 

hour run of the experiment. In the control trap, at the 

opposite end, only a small quantity of silica c;el. was added 

to the glass bottle. A fine linen mesh screen was inserted 

between the ground glass connections of the lateral glass 

tube and the glass bottle of both the butyric acid trap and 

t he control trap. This merely prevented the bugs from falling 

straight down onto the silica c;el. 

A diel rhythm of a ttraction to n-butyric acid was 

determined for 20 fourth i nstar nymphs of Rhodnius prolixus 

by observing the total number of bugs falling into the two 

traps at hourly intervals. After noting the total. number of 

bugs entering the two traps at each hourly interval the bugs 

could be removed from the traps and re-introduced into the 

choice chamber via the g lass introduction cylinder. 

The detailed results ahown in Table 65 below indicate a 

distinct diel rhythm of attraction by the bugs to a source 

of n-butyric acid. Mean values for the attraction of bugs 



to butyric acid are based on the results of three experiments. 

The question of sensory adaptation was not investigated 

but it is obvious from the experiments that bugs will continue 

to respond to a source of butyric acid provided they are 

sufficiently active; bugs were photoperiodically entrained 

with a scotophase from 1300 - 1500 hours. Furthermore, once 

t he bugs are removed from the butyric acid trap at each 

hourly interval, there is an opportunity for the bugs to 

re-gain their sensitivity to the stimulus. 

In the presence of the butyric acid the antennae of the 

bugs can be seen to 'search' the air, presumably so that the 

olfactory receptors can locate the exact position of the 

acid vapour. It is also notable that the bugs appear to 

'wipe' their antennae between the first pair of legs and that 

eventually the proboscis is fully extended. Once the chemical 

emanations from a host reach a sufficiently concentrated 

level then the proboscis is extended in p reparation for 

obtaining the blood meal. 

It is clear from other experimental work that the 

principal and probably only site of 'smell' or olfactory 

receptors in insects is on the antennae (Fraenkel and Gunn, 

1961). 
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TABLE 62 

Die;J,. J.:hvthrn of !i!.ttractiQn of 4th instar n~m~hs of 

Rhodnius prolixus to n-butyric acid 

Number of bugs NW!lber of bugs PercentaGe 
in butyric in control attraction 
acid trap trap 

Time (Mean) ( Mean) (Mean) 

0700-1000 1 0 1.6 
1000-1300 21 3.6 35.0 
1300-1600 46.3 4.3 77.1 
1600-1900 29.6 3.3 49.3 
1900-2200 19.6 1.3 32.6 
2200-0100 14. 3 0 23.8 
0100-0400 0.3 0 0 .5 
0400-0700 0 0 0 
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(ii) The combination of betali5ht and butyric acid as a 
suitable attractant for triatomid bugs 

A distinct diel rhythm of attraction to n-butyric acid was 

clearly demonstrated in 4th instar nymphs of Rhodnius prolixus. 

The aim of the following experiments was to determine 

whether the addition of a second attractant, namely n-butyric 

acid, could significantly enhance the response to a betalie;ht 

source. 

In the first group of experiments (designated as Experiment 

A) the responses of third instar nymphs of Triatoma infestans 

were studied with res-pe ct to betali{?;ht, n-butyric acid, and a 

combination of betalight and n-butyric acid. In this 

investigation a glass choice chamber was used to study the 

responses of twenty bugs, post-emergence starved for ?2 days. 

The bu3s had been photoperiod ically entrained with a scotophase 

from 1300-1500 hours. Three choice chambers were used: one 

chamber was e quipped with only a spherical green betalight of 

2000 microlamberts at one end, a second chamber with n-butyric 

a cid only, and a third chamber with a comb ination of a spherical 

green betalight of 2000 rnicrolamberts to g ether with n-butyric 

acid. In each case the trap at the opposite end cons tituted a 

contro1 and was not equipped with any attractant. The results 

are shown below in Table 66 . Mean values are based on three 

experiments. There does not appear to be a ~reat deal of 

difference in the relative attractiveness of each of the 

attractants althou~,h there is, perhaps as expected, a sli~htly 

greater response to the combined actractant. In each of the~e 

experiments there is something like maximum response obtained 

in ideRl l aboratory conditions. 

Next it was de cided to determine whether in the rield bugs 
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miGht show a significantly gre a ter attraction to a betalight 

trap which was also provided with n-butyric a cid. In thes e 

e xperiments (designated as Experiment B) the g l ass choice 

chamber was a gain used, this time with a combination of a 

betalig ht ( S10/G/2000) and n-butyric acid in one trap and, 

concomitantly, a green s pherical betalight ( S10/G/2000) only 

in the trap at the opposite end. 

The way in which 30 t h ird instar nym phs of Triatoma 

infestans responded to t he two groups of attractants was 

studied over a period of 24 hours. The bugs were post

emergence starved for 32 days. The experiment was repeated 

twice and the results presented in Table 66 are mean values 

b as ed on three experiments. The total percentage response 

is a me an value based on a 9 hour per iod of a ctivity and 

response. 

The results indicate a significantly greater response to 

the combined attractant. It means that in those situations 

where bugs are presented with two kinds of trap, each of which 

is equipped with a betalieht o f the same colour and 

brightness, there is a real p o ssibil ity that the bugs will 

select and be a ttracted to those t r aps also e quipped with 

n-butyric a cid, or indeed any other suit abl e chemical 

a t t ractant. This finding may indeed have particular re levance 

in the field where all me asures have to be taken to increase 

the size of the catch. The addit i on of a c hemical at tractant 

may enhance the overall trapping effect and thereby provide 

a more reasonable samp le of bugs. 



TABLE 66 

~periment A 

Time 

0700-1000 
1000-1300 
1300-1600 
1600-1900 
1900-2200 
2200-0100 
0100-0400 
0400-0700 

Experiment B 

Time 

0700-1000 
1000-1:;oo 
1300-1600 
1600-1900 
1900-2200 
2200-0100 
0100-0400 
0400-0700 

236 

The attraction 0£ 3rd instar nymphs 0£ 

Triatoma infestans to various kinds 
0£ attractant 

Percentage attraction (mean values) 

Butyric Acid Bet alight 
S10/G/2000 

Butyric Acid 
and Betalight 
S10/G/2000 

1 
37.1 
73.6 
43. 6 
20.0 

0 
0 
0 

1.6 
35.0 
66.6 
40.5 
29.3 

0 
0 
0 

2.6 
50.0 
79.3 
53.3 
51.6 

0 
0 
0 

Percentage attraction (mean values) 

Bet alight 
S10/G/2000 
and butyric 

acid 

7.3 
42.2 
42.5 
32.8 
24.4 
4.4 
0 
0 

Bet alight 
SlO/G/2000 

2.5 
9 .2 

17.7 
15.1 
8.1 
0 
0 
0 

Total percenta~e 
response (Mean) 12.a 
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In the discussion which follows some aspects of the 

research pursued here in this investigation will be 

considered in detail with particular reference to the 

published literature. 

Relation of light intensity to insect response 

Experimental results obtained in this investigation 

have indicated that the brightness of the betalight is 

important in determin~ng the magnitude of the phototactic 

response. In comparing the response to betalights of the 

same colour or wavelength but of different brightnesses it 

was noted that betalights of higher microlambert value 

attract significantly larger numbers of bugs. A betalight 

of greater brightness is therefore more attractive. This 

finding is indeed corroborated by other investig ators (see 

review on light trap literature) who have used other light 

sourcea. 

However, it would be as well at this stage to clarify 

the terminology used to describe the intensity of light 

sources. First, the term 'intensity' refers to_the actual 

physical energy content of the photostimulus. The 

'intensity• can be quantified either in terms or energy, 

e.g. watts, or numbers of quanta; alternatively, it may 

be defined in multiples of a given reference intensity. 

'Brightness', however, is distinguished from the 'intensity' 

of a given stimulus and is measured subjectively in man 

or instead behaviourally by noting an animal's reaction. 

At any given wavelength the animal's reaction normally 
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increases with 'intensity', the relationship being a 

logarithmic one in most cases. 'Brightness', therefore, 

as indicated by the simple magnitude of the animal's 

reaction, increases with the logarithm of intensity. It is 

interesting to note in this connection that the brightness 

of a betalight source is in fact measured according to the 

sensitivity of the human eye. 

The difference between the terms 'intensity' and 

'brightness' can in fact be explained in more complex 

physical terms but the simpler explanation seems adequate 

here. 

The difference in terminology is clarified even further 

by the experimental results of Robinson and Robinson (1950). 

The Robinsons suggest that there are two properties of 

light which govern an insect's response to a light source. 

The first property is the power of the light source which 

is usually expressed in lwnens. The second, in fact related 

to the first, is surface brightness which is expressed in 

lumene per sq. cm. More simply, surface brightness is the 

power per unit area of surface. It can be reasonably 

assumed from this definition that a light source with a 

high surface brightness is therefore one of high power 

and low surface area. 

Having established these two different properties 

of light, the Robinsons then demonstrated a curious 

difference in the behaviour of inaecte to a light source 

according to physical variations in the two. First, an 

increase in the power of the light source resulted in an 

increase in the total number of insect■ taken in a trap. 



239 

Second, an increased surface brightnes s meant an increase 

in the catch of the total number of species. The 

Robinsons therefore concluded that for any power the 

optimum light source will be that with the greatest 

surface brightness. 

The factors of •power of the light source' and 'surface 

brightness' are there~ore of considerable importance to 

survey entomologists. A light source ot high intensity 

can cause considerab1e inconvenience since the increased 

catch requires a great deal of sorting, the sorting being 

both tedious and time-consuming. The entomologist will 

therefore need to s•1ect a light source which will provide 

a representative samp1e of the prevailing insect population 

yet at the same time provide a catch which will not require 

endless sorting. On that score a light of high surface 

brightness and low power will perhaps be more suitable. 

The whole question of brightness and intensity should 

therefore be considered carefully before embarking on any 

light-trapping procedure. 
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Wavelength Discrimination 

The literature on the errectiveness of various 

wavelengths or radiation for stimulating responses in 

insects is voluminous and some consideration is given to it I , 

in the review or literature on light traps. Spectral 

response curves have been determined for a wide variety of 

adu1t and larval forms of insects and it has been found that 

Energy Spectrum 

- i 
Utraviol, it Vic ~et Blue Green i )range R~ lnfr~ , 

rec -~ 
3500A 4000 4500 5000 5500 6000 6500 7000 7500 8000 

insects as a class respond to radiation in the approximate 

range 2537-7000 A, i.e. from the ultraviolet to the infra-

red region. In general the effect of electromagnetic 

radiation is directly proportional to its absorption and 

photochemical effects which result in nerve impulses appear 

to be of primary importance in the region below 3500 A. 
Two techniques are available to the entomologist for 

determining spectral sensitivity curves: 

(1) Electroretinogram investigation. 

This involves connecting electrodes near or di~ectly to 

the optic nerves. The resulting potential developed when 

the eye ia subjected to radiation can be observed on a 

recording oscii\J.oscope. spectral sensitivity curves can 

be obtained froa•the E.R.G. by relating the magnitude of 

potential to the wavelength of incident radiation. 

(ii)Study of group motor responsea to radiant energy. 

Group motor response studies include both laboratory 

and field determination• of the relatiTe ettectiveneee or 
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the various regions of the spectrum. Thia is simply 

evaluated by noting the total number of a particular species 

which respond to radiant energy of a certain wavelength. 

These two kinds of study have indicated that in 

general most insects show the greatest sensitivity to the 

near ultra-violet, then show a gradual decline to the blue, 

an increase to a secondary peak in the blue-blue-green 

region and finally the least attraction to the longer 

wavelengths of radiation (Weiss et al., 1942; 

Wigglesworth, 1964). This generalization applied in the 

case of the recent investigation of Snow (1971) who 

determined the spectral sensitivity of gravid female 

Aedes aegypll by noting their responses to oviposition 

sites illuminated by light of a defined intensity and 

spectral composition. It is also interesting to note 

that the honey-bee !Pis, for example, does not respond to 

light of a wavelength greater than 6500 A (Wigglesworth, 

1964). 

In order to assess whether an insect possesses the 

ability to discriminate colours it is necessary to determine 

whether it can distinguish between two visual stimuli of 

djfferent wavelength composition but of the same intensity. 

However it must be stressed that even in the event of an 

animal not responding to a certain wavelength, colour 

discrimination should not be precluded since the 

experimental procedure may be at fault (Burkhardt, 1964). 

Indeed it appear• that intensive study of the reapon■es 

to a wide range of intensities and wavelengths with respect 

to any on• ineect under different environmental conditions 
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is certainly necessary (We i ss et. al., 1943). 

A preliminary investigation in this thesis has 

indicated that the colour of the betalight source is 

indeed of some consequence in the phototactic behaviour 

of triatomid bugs. The betalights used in the experiments 

on colour sensitivity were of different brightnesses and 

so an assumption that bugs do in fact distinguish between 

different wavelengths is perhaps a little suspect. 

Furthermore, the brightness as quoted for a betalight in 

the technical literature, is measured according to the 

sensitivity of the human eye and does not necessarily 

equate with the brightness as seen by other animals such as 

insects. It was hoped to have specially made betalights 

which would have approximately the same energy emission 

and which would therefore allow a precise evaluation of 

spectral sensitivity. Unfortunately, this does not resolve 

the problem entirely for although the quantity of energy 

which is incorporated in each betalight can be accurate 

to within± 2~, there are nevertheless a number of 

additional factors which influence the total energy 

emission of a betalight and which cannot be determined by 

the manufacturers. Therefore, wavelength discrimination 

in triatomid bugs using betalight as a light source cannot 

be determined with any confidence. 

Nevertheless, the results obtained in this study do 

indicate, perhaps tentatively, that triatomid bugs are much 

more sensitive to the blue-green region of the s pectrum. 

The results also agree with the general finding for 

insects that the longer wavelengths o~ light are less 
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attractive an~ here, conse quently, the red betalight proved 

to be the least attractive. The data from th is preliminary 

investigation are summarized below: 

Bet alight 

Cl35/B/90 
Cl.35/G/280 
Cl35/Y/280 
Cl.35/R/40 

Response expressed 
as a ratio 

1.000 
0.806 
0.272 
0.200 

Clearly, if it were only a matter of brightness then the 

yellow and green strip betalights might be expected to attract 

a much larger number of bugs than the blue. There is a 

possible argument that the bugs did in fact p roceed to the 

low illumination blue light simply because it was the darkest 

of the situations available to them. However this may indeed 

be refuted since in choice chamber experiments designed to 

test the influence of brightness in which a chamber was 

equipped with two betali ghts of dj_ff'erent brightness, there 

was a significantly greater attraction to the betalight of 

higher microlambert value. If indeed bugs were searching 

out the regions of lowest illurr.ination then there would have 

been a larger number of bugs in the red betalight trap. 

This therefore suggests that bugs did not avoid the higher 

level of illumination of both the green and yellow betali~ht. 

Furthermore, in a second experiment it was shown that a green 

betalight of 280 microlamberts could attract a significantly 

larger number of' bugs than a red betalight of a much higher 

microlambert value. IT brightness were the sole factor 

involved, then the reve rse situation might be expected. The 

results are useful in that they, at least give some 

indication of the t y p e of betali ght which might prove more 

successful for trapping bugs in the field, thus a blue 
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betalight is more attractive than green and a green 

betalight proves more attractive than red. 

In conclusion, it would seem that it is a combination 

of both the colour and intensity of a light source which 

will either initiate or fail to initiate a response, but 

it may be that of these two inseparable components, 

intensity is the most important since the longer wavelengths 

can be made equally or more attractive if t heir intensity 

is suitably increased (Weiss, 1946). 
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Orientation mechanism underlying the response of triatomid 
bugs to a betalight source 

The way in which triatomid bugs orientate themselves 

to a betalight source must now be discussed adopting the 

terminology used by Fraenkel and Gunn (1961) in their 

classical descriptions of animal behaviour. Orientation 

mechanisms or, at least, descriptions of them, can be quite 

complex and so it is necessary at this stage to limit the 

discussion to a simple review of the ways in which bugs 

orientate to a light source, excluding the influence of 

other environmental factors. 

First, Fraenkel and Gunn (1961) have divided the 

orientation mechanisms of animals into two broad groups, 

namely kineses and taxes. The transverse orientations also 

mentioned by Fraenkel and Gunn can be ignored in this study. 

Kineses have been described as undirected reactions. The 

animal reaches a source of stimulation as a result of random 

movements and there is certainly no orientation of the axis 

of the body with respect to the stimulus. In the second 

group of orientation mechanisms, called taxes, there is a 

directed reaction to the stimulus and a complex system of 

sense organs is required to make discrimination of direction 

possible. There is a distinct orientation of the axis o! 

the body with respect to the stimulus. In klinotaxis, in 

which the insect will compare the intensity of stimulation 

in its sensory receptors by alternate movements to the left 

and right, the insect reaches the source of stimulat i on 

by regular alternating deviations and so its path is a 

very wavy one. In the two other examples of taxes, namely 

tropotaxis and telotaxis, the insect will follow a straight 
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path either directly towards or directly away from the 

source of stimulation. In this investigation triatomid bugs 

were shown to be positively phototactic. 

No detailed experimental study of orientation mechanisms 

in bugs was possible and so only a brief theoretical 

description is presented here. It would indeed have been 

interesting to follow the orientation of bugs to a betalight 

source on film which would then have allowed a more precise 

classification of their movements. Nevertheless in 

observations of their behaviour it became obvious that the 

bugs responded to the light source phototactically, in other 

words there was a directed reaction. This does not 

completely preclude the possibility of kinetic responses in 

triatomid behaviour since these may be exhibited by insects 

which not only have direction receptors but which also 

manifest taxes under certain conditions. Bugs may, for 

example, exhibit some kinetic response in their reaction to 

other stimuli. However, a taxis was indicated in the 

reaction to light and it is necessary to determine whether 

this was tropotaxis or telotrucis. 

Initially, bugs were to be found in the darker regions 

of the choice chamber. As the bugs became progressively 

more active there was a gradual ■oTement of bugs out into 

the centre of the chamber, so that they aligned themselves 

along the beam of light. The author noted a slow deliberate 

movement out from the sides with a gradual 'swing' in the 

orientation of the bugs towards the betalight end of the 

chamber. Bertram (personal communication) in initial 

observations of Triatoma maculata also gained the impression 
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that the overall rate of approach to the light was slow 

with long spells of bugs remaining stationary while facing 

in the direction of the light. A gradual curve round 

towards the light source with long periods of remaining 

stationary might be explained in terms of tropotaxis. In 

a tropotactic orientation there must be at least two 

receptors which are so arranged that they are not always 

equally stimulated. The compound eyes certainly seem to 

fulfil this condition since it would be possible for only 

one eye to be stimulated if a bug should align itself at 

right angles to a beam of light. If tropota.xis is indeed 

the operative mechanism then the following description 

would apply. A bug moves out towards the beam of light 

in such a way that there is asymmetrical stimulation of 

the compound eyes. This would lead to a turning reflex 

such that the bug turns gradually to the illuminated side. 

The turning continues until the two eyes are equally 

stimulated which means that the bug will eventually turn 

towards the light. When the stimulation becomes 

symmetrical the turning ceases and the bug moves straight 

forward towards the light. In fact once there is e quality 

of stimulation in the two compound eyes, the two sets of 

impulses are 'cancelled out' in the central nervous system 

and so turning stops. A:A essential feature of tropotaxis 

is simultaneous comparison of light intensities on the 

two aides and an orientation according to the resulting 

balance. 

Tropotaxis would seem to be the probable orientation 
' mechanism. No unilateral blinding experiments were 
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performed on the triatomid bugs. This kind of experiment 

can help the investigator distinguish between tropotaxis 

and telotaxis. In tropotaxis it is often found that the 

insect can no longer orientate properly when the 

photoreceptors of one side are eliminated. However, in 

telotaxis orientation in the direction of the source of 

stimulation occurs without balance. The insect 'fixates' 

the source of stimulus with its sense organs and advances 

towards it in such a way that only a certain region of the 

receptor apparatus is continuously subjected to the stimulus. 

In a further experiment to distinguish between the two types 

of reaction, the insect may be subjected to two light sources; 

in tropotaxis there is a distinct orientation between the 

two lights whereas in telotaxis the insect will proceed to 

only one of the lights and ignore the second. 

Experimentation along these lines is recommended for 

triatomid bugs to resolve the mechanism although it must be 

remembered that the two mechanisms may indeed work together, 

as has been demonstrated in the bee (Fraenkel and Gunn, 

1961) which initially shows a tropotactic response to a 

light source. 

In those experiments involving a study of temperature 

and its effect on response to a betalight source, an 

orthokinetic mechanism may indeed be important. A variation 

in linear velocity is called orthokinesis and the average 

speed of movement or frequency of activity depends on the 

intensity of stimulus. It may be that orthokinesis simply 

results in greater random movement which means that the 

next orientation mechanism, namely tropota.xis or telotaxis, 
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may consequently be speeded up. It is important to remember 

that orthokinesis, being an example of an undirected 

reaction, is rather inef£icient as an aggregating 

mechanism. 

Finally, the question of sensory adaptation needs to be 

discussed. A change in the excitability 0£ a sense organ 

as a result of continuous stimulation such that a more 

intense stimulus becomes necessary to produce the same 

resoonse is called sensory adaptation. After a period of 

illumination the eye of an insect is said to be light 

adapted and it becomes progressively less sensitive. On 

return to the dark, however, the eya gradually resumes its 

sensitivity as it becomes dark adapted until eventually a 

maximum sensitivity is attained. Adaptation to light is 

thought to result partly from the movements of pigments in 

the ommatidia, partly from a neurological change in the 

brain itsel£ and partly from physico-chemical changes in 

the receptor mechanism of the retina. 

It will be remembered that in many of the investigations 

of phototactic behaviour the bugs were exposed to a 

betalight source over a period of twenty-four hours. It 

might be expected that over such a long period of exposure 

there should be some sensory adaptation to the light source. 

However, the constant exposure was found not to influence 

the bugs' level of phototactic behaviour and, indeed, the 

bugs would respond to betalight according to their 

photoperiodic entrainment. Generally, there was a good 

response to the light source over a period of 9 hours or 

so. The gradual decline in response on either side of the 
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period corresponding to the scotophase of the entrainment 

is to be expected since activity begins to decline. 

Furthermore, in the period of inactivity the bugs were 

shown to accumulate along the sides of the choice chamber, 

the darker regions of the chamber, thereby eliminating 

excessive exposure to light. Once the bugs do emerge into 

the brighter regions of the chamber, respond to the light, 

and fall into the trap, it is possible that their eyes have 

attained the light adapted state. However, on falling into 

the darker regions of the trap (see Figure 1) there is the 

possibility that during the hour between observations the 

eyes may revert gradually to the dark adapted state, in 

which case the eyes would once again be sensitive to the 

betalight. The longer the period or adaptation to d&Jrkness 

the more rapidly the insect will respond when exposed 

suddenly to a light of given intensity (Wi gg lesworth, 1965). 

In this study the use of a rather subdued form of 

illumination, in the form or betalight, s hould preclude 

the possibility of a very long period of dark adaptation. 

On that basis, one hour should be sufficient for the 

compound eyes to resume their sensitivity to the light source. 

The fact that the bugs d id continue to respond to a light 

source after an interval of an hour meant that they had 

achieved the dark adapted state and that they were 

sufficiently sensitive to respond to this light of low 

intensity (Chapman, 1969). The whole question of sensory 

adaptation certainly warrants further experimentation and 

it is suggested that this phenomenon may indeed have to be 

vie wed in a slightly different context in field conditions. 
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Finally, something must be said of the role of the 

ocelli in sensory adaptation and the orientation mechanism. 

Dark adaptation in the dorsal ocelli of insects ia 

discussed by Goodman (1970) and it would seem that this 

state may be achieved within a remarkably short space of 

time.- There 1s, therefore, no reason to suppose that the 

ocelli in triatomid bugs will differ remarkably in their 

adaptation from that of the compound eye or indeed that 

they might in some way interfere with the course of 

adaptation. Furthermore, the ocelli in bugs, shown in 

Figures 12 and 13, may also, as a result of their position, 

be subject to unequal stimulation and so would not 

preclude the possibility of a tropotactic orientation. 

-
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The role of the ocellus in triatomid bu~s 

Before considering a possible role for the ocelli in 

triatomid bugs it would be useful to review the work 

carried out on the structure and function of the ocellus 

in other insect groups. This may at least help formulate 

theoretical considerations with reference to triatomid bugs. 

Many insects possess two types of eye: a complex faceted 

compound eye to which can be ascribed the powers of vision, 

namely the perception of form and colour and appreciation 

of movement in the visual field; and simple eyes or ocelli. 

Ocelli are simple cup-shaped eyes situated in the dorsal 

region or the head. The occurrence of the ocelli within the 

Insects appears to be extremely erratic and does not bear 

any apparent relation to the mode of life or the systematic 

position of those insects in which it occurs. Furthermore 

there are no very obvious differences in behaviour between 

ocellate and anocellate species (Goodman, 1970). 

The general structure of the ocelli in insects has been 

reviewed in considerable detail by Goodman (1970) and 

Mazokhin-Porehnyakov (1969) and so this need not be 

discussed in too much detail here. Basically an ocellus 

consists of a few hundred visual cells situated beneath a 

common lens. The visual cells are innervated directly 

from the ocellar lobes which are located in the 

protocerebrum. The organization of the dorsal ocelli is 

different from that of the compound eyes yet 

Mazokhin-Porshnyakov (1969) states that they have the three 

necessary components tor vision, namely, photorefracting, 

photosensitive and photoinsulating devices. Certainly this 

is description enough tor there is some organizational and 
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functional variation in the ocelli of different insect 

groups and therefore it would be unwise to carry the 

generalization any further. Indeed there does not appear 

to have been any extensive investigation of the structural 

organization or visual sense organs in the Triatominae. 

However, it does seem certain that for ocelli in 

general the optical system of the organ is such that no 

image can be formed on the retina. The close proximity or 

lens and retina therefore precludes any possibility of 

image formation. 

What then is the role of the ocellus in insect behaviour? 

Entomologists are still a long way from understanding the 

full role of the ocelli as photoreceptors. What is clear 

is that the ocelli are equipped with photosensitive cells 

which are not functional in form vision. Indeed the ocelli 

are not physiologically equivalent to the compound eyes 

and certainly cannot replace these organs or vision. The 

ocelli merely supplement the compound eyes. 

In triatomid bugs t he ocelli have been shown to be 

involved in the phototactic response to betalight tor adult 

bugs whose compound eyes have been painted over still 

respond to the light source. The nymphs or triatomid bugs 

however do not possess ocelli and so when their compound 

eyes are painted over the bugs are totally blind and do 

not respond to the betalight so.urc•• Does the implication 

or ocelli in the phototactic response to betalight agree 

with the findings or other investi~ators studying the 

ocelli in other insect groups? 

In a simple phototactic response to betalight no 

complicated image formation is necessary and so the !aot 
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that the optical system of the ocellus precludes this 

does not really matter. It is also stated that the ocelli 

have indicated sensitiTity to a wide spectral range and 

that they therefore possess colour vision (Mazokhin

Porshnyakov, 1969). This would suggest that the ocelli 

might respond to light sources of a wide wavelength range. 

Certainly the ocelli respond to green betalight, S10/G/2000. 

Parry (1947) studied the electrical responses in the 

nerves of Locusts migratoria. Darkening the ocellus was 

found to cause a depolarization which spread down the 

ocellar nerve, finally depolarizing a ganglion in the brain 

and inducing a discharge of impulses down the commissures. 

As soon as the ocellue was reilluminated the discharge of 

nerve impulses in the commissures ceased. It is therefore 

suggested that from an electropbysiological point of view 

the ocelli serve not only to signal light changes but also 

serve in the perception of light as opposed to darkness. 

Because the frequency of impulse activity in the nerves 

bears a direct relation to the level of illumination it 

is also suggested that the ocelli can therefore supply 

information on the absolute luminosity. On the basis of 

his work, Parry (1947) suggests that the ocelli are not 

capable of evoking a motor response by themselves but only 

do so when they work in cooperation with the compound eyes. 

It may then be that the ocelli in some way 'prepare• the 

nervous system for reception of light stimuli. Ultimately 

the ocelli may in some way accelerate the animal's response 

to shadows. 

The implication is therefore that the ocelli are only 

stimulatory organs which can increase the response to 

stimuli received through the compound eyes, but do not in 
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themselves evoke a motor response. Experimental work that 

confirms this view includes that in which Drosophila were 

shown to react more rapidl1 to a sudden exposure of light 

with ocelli intact than when blinded, and that in which 

Calliphora and Locusta manifested an inability to orient 

themselves in relation to a light source when the compound 

eyes are blinded and the ocelli left intact (Cornwell, 

1955). These findings are perhaps contradictory to those 

obtained here in which adult triatomid bugs show a distinct 

phototactic response to betalight even if the compound eyes 

are blinded, therefore implicating the ocelli in a motor 

response. However, the findings do agree with those of 

Wellington (195,) whose work on the ocelli of the 

dipterous parasite Sarcophaga aldrichi Parker., has shown 

that the ocelli are in themselves quite capable of 

evoking motor responses, and that a fly with only ocelli 

operative can still make directed movements and therefore 

orient itself. 

Perhaps the divergence of opinion necessitates a 

reas onable compromise. Wigglesworth (1965) has rightly 

suggested that adult ocelli vary considerably in 

complexity and that it may be foolhardy to expect function 

to necessarily correspond in all i~sect groups. 

In conclusion, it is difficult to ascribe a definite 

function for ocelli in triatomid bugs. The ocelli 

certainly respond to betalight in the laboratory situation, 

but what is t heir more usual role in natural circumstances? 

Perhaps as suggested by Parry (194?) the ocel1i supply 

information on the abs olute luminosity of the environment. 

Alternatively the periodic changes in the natural light 

and dark cycle wbicb may initiate locomotory rhythm in 
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triatomid bugs perhaps operates not only through the 

compound eyes but also the ocelli (Cloudsley-Thompson, 

1961). 

Clearly there is need for further research along these 

lines . 
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The importance of photoperiodism 

The important role that photoperiodic entrainment can 

play in determining the onset and duration of locomotor 

activity in triatomid bugs has already been emphasised. 

It has been indicated in the results obtained here that 

the onset and duration of attraction to a light source 

will correspond to the onset and duration of locomotor 

activity. Clearly then a definite cycle of light and dark 

will govern an insect's total behaviour very precisely and 

so the whole question of photoperiodism will be briefly 

considered here. 

The environmental rhythm of recurring alternation of 

illumination and darkness is the earth's natural 

photoperiod. The diel rhythm of photoperiod has not 

only a profound influence on the distribution, seasonal 

biology, growth, metabolism, and behaviour of animal 

organisms, but also influences the temporal organization 

of the internal processes. It is also important here to 

gain some concept of time for the endogenous rhythm of the 

functional organization of th~ animal is influenced by 

the exogenous rhythm of the environmental cycle of light 

and dark. Furthermore, photoperiodism can be d i stinguished 

from the more direct responses of the organism to l ight 

since the influence of photoperiod is most frequently in 

the form of time-dependent stimuli, e.g. the beginning of 

dayl i ght and the beg inning of night, rather than in the 

form of a continuous input of light energy. 

Daily patterns of behaviour are apparent in the 

activities of most insect s pecies. Locomotion,·feeding, 

• I 
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mating and oviposition are behavioural phenomena that 

may occur at species-typical times of the day. Many insects 

are typically active during daylight hours (diurnal 

species), others tend to be active at night (nocturnal), 

while others are active mainly during the evening or 

morning twilight (crepuscular). The insect may be 

specially adapted to live at a specific tiffie of day and so 

its entire biology will be geared to that period. 

The distinct diel rhythms or activity which are 

a pparent in the Insecta have been extensively reviewed by 

Cloudsley-Thompson (1961). Corbet (1960) considers 

that physical factors or the environment can certainly 

influence or modify the patterns or cyclical activity in 

insects, particularly exemplified in the b i ting cycles 

or the Culicidae living in forests. However the timing 

or the activity must be determined by some suitable time 

cue (or zeitgeber) on a day to day basis and of the 

extrinsic factors available the one most likely to fulfil 

t h is role is light. In general then, it seems that the 

r o le of light is to stimulate or release activity. The 

activity can only become manifest however if other factors 

such as humidity, temperature and wind provi de a 

mi croclimate suitable for its expression. 

Clements (196,) believes that the time cues provided 

by a natural cycle o! light and dark will ultimately 

control the vari ous activities o! mosquitoes such as 

biting, swarming and oviposition. Certainly the 

influence of photoperiod on ovipoeition has been 
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investigated in some detail. For example, mosquitoes 

which have been kept throughout life in constant dark 

oviposit irregularly but when they are transferred to a 

regime of 12 hours of light followed by 12 hours of dark 

per day they immediately start to oviposit regularly and 

the rhythm is maintained for at least 3 days after 

return to constant darkness, temperature and humidity, 

suggesting that it is circadian in nature (Gillett et. al., 

1959; Haddow et. al., 1961; Haddow and Gillett, 1957, 1958). 

The investigations have also indicated that single 

exposures to light in an otherwise all-dark existence 

initiate regular cyclic oviposition. The study has also 

shown that it is in fact the return to darkness which 

constitutes the time-cue. 

Various investigations of the biting cycles of 

mosquitoes have been undertaken and here too a distinct 

periodicity is obvious. Twenty-four hour catches have 

been set up in order to determine the rhythmic biting 

cycles or various species of mosquito (Haddow, 1956; 

Haddow and Ssenkubuge, 1965; Lumsden, 1955, 1956, 1957; 

Reuben, 1971a). Indeed Haddow (1954) believes that the 

24-hour catch is probably the most valuable method of 

studying biting behaviour. 

It is interesting to note that the diel rhythm of 

activity is very much influenced by various environmental 

factors such as microclimate (Haddow, 1945; Lumsden, 1956; 

Cloudsley-Thompson, 1961). For example, the peak or 

biting activity of Mansonia fuscopennata occurs at dusk 
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at all levels in the forest but in a banana plantation 

surrounded by forest it occurs several hours after dusk 

at a time when the microclimatic differences between 

forest and plantation have disappeared (Clements, 1963). 

The physiological condition or age of the insect can 

also modify its diel pattern of activity (Corbet, 1960). 

The diurnal periodicity of fli ght by insects is 

considered in relation to photoperiod together with the 

important influence of environmental factors by Lewis 

and Taylor (1964). Photoperiod is the major factor 

controlling the precise time of flight and this will of 

course change seasonally with the time of sunrise and 

sunset. 

Biting activity curves of mos quitoes are usually 

curves of great complexity and great variability simply 

as a result of the tremendous variation from day to 

day, the variations from forest level to forest level, 

and even as a result of the differences in patterns o! 

fli ght activity of males and females (Lumsden, 1965). 

Mating behaviour is also subject to photoperiodic 

entrainment. The Mexican fruit fly can be observed to 

mate during the late a fternoon and early evening. When 

the photoperiod is experimentally reversed the daily 

mating activity is also reversed suggesting that the 

copulatory rhythm can be photoperiodically entrained 

(Flitters, 1964). 

The stridulatory activity of the orthopt e rsn Eugaster 

appears to follow a diel rhythm (Nielsen, 1971). The 
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glowing of the Lampyridae also has a diel nature (Dreisig, 

1971) and here again photoperiodic entrainment seems to be 

important. 

General locomotor activity can also be photoperiodically 

entrained as Dreisig (1971a) demonstrated in the case or 

the dusky cockroach, Ectobius lapponicus. In the 

cockroach Blatta orientalis. there is a distinct rhythm of 

activity under normal conditions of light and darkness. 

This takes the form of a burst of activity in the early 

part or the night, mainly before midnight, and a 

quiescent period in the later part or the night and during 

the day. This rhythm can be eventually eliminated by 

keeping the insects in constant light or darkness (Harker, 

1954). A diurnal rhythm of activity was determined for 

mayfly nymphs and here it is interesting to note that the 

rhythm is not seen in nymphs bred from eggs which have 

been kept in continuous light but will appear abruptly 

after exposure of the nymphs to natural daylight and 

darkness for a period of no more than 24 hours (Harker, 

1953). 

Insects have exploited the phenomenon or photoperiod 

in t heir evolution of ecological, physiological, 

morphological and behavioural adaptations. Clearly the 

Triatominae have evolved so that their ecological, 

phys iological and behavioural adaptations require a 

nocturnal habit. The nocturnal habit does, interestingly 

enough, confer a number of advantages; enemies are easi l y 

avioded; food can be more easily obtained; losses of 

moisture are considerably reduced; and odours are more 
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easily conveyed so that blood-sucking insects such 

as the Triatominae can locate their prey (Cloudsley

Thompson. 1961). Clearly then, the function or 
photoperiod in these biological adaptations is to 

provide environmental information in the form of 

temporally spaced signals (e.g. dawn and du■k) to 

which the insects can respond in diverse ways. 

Photoperiod clearly influences the activity patterns 

or triatomids in the laboratory situation but it 

would indeed be interesting to determine if this is 

so in the field. There must be some zeitgeber to 

control the behavioural patterns or triatomids and of 

all possible zeitgebers, light seems the most probable. 
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Phase-setting and Terminology 

F:Li!ure 34 below shows some of the basic characteristics 

of the relationship between the insect's endogenous 

behavioural rhythm and the exogenous photoperiod. In 

figure 34 it will be seen that activity begins very 

shortly after dark in each cycle. When the activity is 

maintained in .a constant time relationship with respect 

to photoperiod the behavioural rhythm is said to be 

photoperiodically entrained. The time-cues or zeitgebers 

provided by photoperiod are necessary for the daily 
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here in this investigation, indicated a 'free-running' 

rhythm. 'Free-running' rhythms, as shown in that 

experiment, still manifest a distinct periodicity which 

however may only be approximately 24 hours and therefore 

described as circadian. 

Initiation of the rhythm in the insect introduces 

another interesting aspect of photoperiodism. A rhythm 

can be initiated in a totally arrhythmic insect by 

subjecting it to a short unrepeated light period. 

However, whereas in the cockroach the duration of the 

light period necessary to establish the rhythm is in the 

region of 2 hours, in Drosophila an eclosion (emergence) 

rhythm can be initiated by a single flash of light which 

approximates to l/2000th of a second (Harker, 1961). 

Furthermore, Muller (1965) has indicated that by the 

alteration of the precise timing and duration of 

photoperiod it is possible to influence the onset and 

duration of the behavioural rhythm. Muller established 

the importance of photoperiod in determining the activity 

of Baetis nymphs and found that even after artificially 

shortening their 'n i ghts', activity could still be 

observed in LD 23:1. 

However, notwithstanding the importance of photoperiod, 

under natural field conditions insect activity will be 

influenced by many other factors which will strongly 

regulate the manifestation of the insect's behavioural 

patterns. Some of these factors have been considered 

here in this investigation. 
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A Biolo~ical Clock in the Triatominae? 

Having considered the implications of photoperiodism, 

it is then necessary to foraulate some concept of a 

time-measuring system within the functional organization 

of the animal and such a system has been termed a 

biological clock. There has been much debate over the 

use of the word 'clock' but Pittendrigh and Bruce (1959) 

have decided that it is appropriate in the context in 

which it is used. Indeed Lumsden (1965) has said that 

insects may be endowed with a physiological clock which 

adjusts some of their activities to an approximately 24-

hour cycle in relation to some starting stimulue. 

Insects display individual and population behavioural 

patterns that occur on a predictable daily basis and these 

behavioural rhythms will usually continue to be 

manifested when the insects are experimentally isolated 

from obvious environmental stimuli such as light. Indeed 

the investigation here has shovn that triatomid bugs will 

manifest a distinct circadian rhythm of attraction to a 

betalight source over a period of several days in the 

complete absence of a zeitgeber. Thie must inevitably 

suggest that bugs possess an innate capacity to measure 

the passage of time. The curious thing about the 'clock' 

in insects is that it is regulated by exogenous factors 

but can function without regulation for a period varying 

in different groups from a few days as in cockroachea to 

months or longer as in the case of some beetles (Harker, 

1956). 

Although no full experimental investigation of the 



possible nature of the biological clock in triatomid 

bugs has been attempted here, nevertheless a full 

theoretical consideration will be given to the nature of 

the clock since there is evidence to suggest the presence 

of such an intricate piece of biological chronometry in 

bugs and therefore the concepts discussed here may be 

relevant. 

Brady (1969) has put forward some interesting 

theoretical concepts concerning the nature and possible 

location of a biological clock in cockroaches. The first 

question that needs to be asked is "Does a localized 

anatomically identifiable mechanism control the timing 

or the rhythm?" Harker (1954, 1955 and 1956) believed 

that the rhythm or one cockroach could be transterred to 

another by simply connecting their blood systems. This 

proved to be a misconception. Harker (1956) also 

claimed that implantation or the suboesophageal ganglion 

from a cockroach with a known rhythm into a totally 

arrhythmic cockroach would result in the appearance or 

the same rhythm in the arrhythmic cockroach. Later it 

was suggested that implantation of the ganglion would not 

transfv the rhythm it two pairs of lateral neurosecretory 

cells were removed from the ganglion. Furthermore, 

cutting the nerves that connect the corpora cardiac&, 

source or the neurosecretory material, to the 

suboesophageal ganglion, was said to cause• loss or 

rhythmicity. Thea• concepts proved on further 

experimental evidence cited by Brady (1969) to be wrong, 

Where then is a posaible location tor tbe clock? The 

compound eyes are the pathway tor the most important 
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environ~ental zeitgeber, i.e. light, and this 

information must be passed through the optic lobes to 

reach the central nervous system. Experiments have shown 

that in the cockroach at least, if a cut is made 

between the optic lobes and the rest of the brain, the 

insect will become arrhythmic. The experimental evidence 

therefore suggests the existence of some kind of 

circadian pacemaker in the optic lobes. Finally, if a 

transverse cut is made through the circumoesophageal 

connectives of the brain in cockroaches this also results 

in the insect becoming arrhythmic. This suggests that 

the pacemaker in the optic lobes asserts its effect on 

the thoracic ganglia electrically through normal neural 

pathways in the ventral nerve cord. It would indeed be 

interesting to s ee whether the same mechanism holds 

true for triatomid bugs. 

It is only possible at this stage to assert the 

presence of an innate time-measuring device in triatomids. 
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Physiological considerations 

Apart from all those exogenous factors which may 

influence the operation of a light trap in the field, the 

physiological condition of the insect may also have some 

significance in determining the relative success of the 

trap catch. The evidence from this study suggests that 

nutritional condition is significant both in the adults 

and immature stages of triatomid bugs. A phototactic 

response of considerably greater magnitude is evidenced in 

those bugs which have fed some time previously. Thie 

finding is corroborated by Sjogren and Ryckman (1966) who 

found that the nocturnal flights of Triatoma protracta as 

indicated by collection in black light traps usually 

occur when the bugs are in a starved condition and also 

when they are stimulated to fly by above average summer 

temperatures. The study of Wood and Anderson (1965) 

further indicates that bugs will usually tend to invade 

human dwellings if there is an absence of suitable rodent 

hosts as a food source, and if they are subject to 

temperature stress. Interestingly, Wood (1943), while 

s earching for Triatoma lon~ipes in homes in a mining 

district of Arizona, U.S.A., discovered that all the 

adult bugs collected by him had fed some time previous. 

The way in which the nutritional condition may 

influence the activity of a triatomid bug will be 

considered theoretically. Directly after a blood meal 

adult triatomid bugs ma nifest cons iderable inactivity, 

perhaps in this early stage the physical constraints 

conferred by a somewhat distended abdomen are important 
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in limiting activity. Defaecation results during or a short 

while after the feed so that some of the abdominal volume is 

reduced, there then being much less of a constraint on 

activity. Activity increases such that the bugs are able to 

return to their crevices to digest their blood meal. As time 

progresses so the blood meal is gradually digested and thus the 

end-products of digestion become available as sources of energy 

which may be utilized for general locomotor activity. 

Wiesinger (1956) describes this period of digestion as the 

'rest p e riod'. Adult bug s do in fact ingest a large quantity 

of blood which is digested at an unusually slow rate. It may 

be that the progressive increase in activity levels of 

triatomid bugs, with increasing number of days after a blood 

meal, may in fact reflect this gradual digestive process, 

which in turn suggests that only around 16 days or so after 

a f e ed, as shown experimentally in this investigation, are 

s ufficient energy-rich products becoming available to the 

muscles to achieve something like maximum locomotor activity, 

and hence, maximum phototactic response. This is certainly 

one possible explanation. Alternatively, the enhanced levels 

of activity may simply reflect a considerably depleted level 

of metabolic reserves and hence a fairly starved condition. 

Ado pt i ng this second theory it might be supposed that the blood 

meal has been completely digested nnd that the b reakdown 

products of digestion have been utilized. A bug would become 

pro r~ressively more active as it used up its nutritional 

reserves. In that case a bug would need to become active to 

locate its next blood meal. 

At any rate, having attained something like peak levels 

of activity at or around 16 days, this level of activity is 
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continued for some time thereafter, according to levels of 

metabolic reserves, so that the bug's chances of locating and 

obtaining a second bloud meal are thereby enhanced. Wiesinger 

(1956) has indicated a period of three weeks between blood 

meals and has stated that in the last nights before the next 

blood meal there is a particularly marked increase in activity. 

This finding agrees with the observation noted here of enhanced 

l evels of activity and response at 16 days or so following a 

blood meal. However, it is important to note that it does not 

seem to be essential for bugs to obtain a second feed 

immediately since they can resist several months of starvation. 

In the case of immature bugs, despite a proportionately 

larger blood meal, there is fairly marked activity following 

the meal, certainly a much greater level of activity than is 

evidenced in adults after their feed. Nevertheless, digestion 

over a period of two weeks or so appears to be essential before 

the bugs' phototactic responses start to approach maximum level. 

In brief, some considerab l e time must elapse after the 

blood meal before activity is sufficiently marked for adult 

and immature bugs to become attracted to a light source in 

reasonably large numbers. Nutritional condition is therefore 

the kind of factor which will determine whether or not a light 

trap has the p otentia l to operate successfully in the field 

(U.S. Department of Agriculture, 1961). 

The way in which bugs respond to a betalight source 

following emergence was also studied. There is, in the absence 

of a blood meal, a progressive increase in the magnitude of 

the phototactic responses of adult Triatoma infestans and 

adult Triatoma n.aculata with gradually increasing number 0£ 

days £ollowing their emergence from the 5th instar. A similar 
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effect was observed for 5th instar nymphs of Triatoma 

phyl losoma. starved since emergence from the 4th instar. 

The nymphs' phototactic responses manifested a gradual 

increase over a period of 40 days. This group of experiments 

seem to be corroborated by those of Brady (197 2 ) who has 

shown a steady increase in activity with advancing age and 

starvation in teneral males of Glossina. Brady suggests 

that 'ignoring circadi an and other fluctuations, the average 

dai ly intensity of activity is a me asure of t h e nutritional 

state of the fly, and that some feature of the metabolic 

reserves may therefore ultimately control overall activity 

level.' 

Moulting also has significance in that during the period 

preceding the moult the bug's phototactic behaviour is very 

distinctive. Experiments have shown that as the bug prepares 

to moult so the res ponse to a betaligh t source lessens 

pro gressively. The actual moult or ecdysis renders the bug 

virtually inactive so that it cannot respond to a betalight 

s ource. It may be that during the period prior to the moult, 

metabolic reserves are diverted specifically for 

metamorphosis, there not being sufficient reserves for 

general l o comotor activity. This would then certainly 

explain the decline in activity and hence phototactic response 

during the period prior to the moult. 

The whole quest i on of nut r itional condition clearly 

warrants further investigation, including a thorough 

biochemical study to resolve the ways in which the b l ood meal 

is d igested and the manner in which its digest ed end- products 

are utilized in metabolism. 
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The influence of temperature on the behavioural patterns 
of triatomid bugs 

Useful and informative reviews discussing the 

important influence of temperature in the lives of insects 

are presented by Chapman (1969) and Wigglesworth (1965). 

These provide an invaluable theoretical background to an 

understanding of the way in which this environmental 

factor can affect triatomid behaviour. 

The temperature of the air is of particular importance 

to an insect since its own body temperature will 

approximate very closely to it. Changes in air 

temperature have therefore been shown to have an immediate 

effect on digestion, excretion, movement, re production, 

development and various other activities. In this 

investigation the influence of temperature on the general 

activity of the bug has been considered in some detail for 

ultimately, as the results obtained in the experimental 

work suggest, the bug's general level of activity will 

determine whether or not it will move towards a light 

source and hence the relative attractiveness or that 

light source. 

Weather and climate are commonly accepted by 

entomologists as dominant influences on the behaviour, 

abundance and distribution of insects. Of the climatic 

range of factors, temperature is c onsidered perhaps the 

most important and indeed has constituted the basis of 

many physiological inve6tigations (Messenger, 1959). A 

great many of these invest igations have been aimed at 

dete rmining temperature thresholds, optimal thermal 

conditions and lethal levels but ultimately as suggested 
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by Wellington (1957) there is a real need to see how 

temperature will influence insect behaviour. 

Before reviewing the effects of temperature on insect 

behaviour it is necessary to say something about the 

upper and lower limits of ambient temperature acceptable 

to the Insecta. Generally, insects will die if exposed 

to a temperature of 40"C. to 45"C. (104" to 113"F) for 

one hour (Buxton, 1933). A few species can of course 

survive much higher temperatures but the above figures 

will apply to a great majority of the insect groups. It 

is perhaps more difficult to state categorically a 

definite lower limit for it is generally true that 

insects can survive temperatures many degrees below that 

which they encounter in nature. Some insects can for 

example survive prolonged ex posure to extreme cold such 

that activity is limited by the unfavourable temperature 

but will resume on return to a more favourable 

environment. 

Because there is such a close correlation between 

the body temperature of the insect and the ambient 

temperature it can be appreciated how dramatically this 

factor can affect the rate of metabolic processes in the 

organism and hence its general activity. The activity 

of the desert locust, Schistocerca ~regaria, for example, 

has been shown to be governed very precisely by 

temperature, for a state of cold stupor results below 

17•c. The l ocust will only begin to resume activity 

between 17•c. and 2o•c. (Fraenkel and Gunn, 1961). 

It is known that most terrestrial poikilotherms will 

enter a state of torpor at fairly low temperatures, 
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somewhere between freezing point and 15•c. Nicholson (1934) 

has studied the locomotor activity of the blowfly, 

Lucilia cuprina in relation to temperature and his research 

has shown a close correlation between the two. Nicholson 

simply derived his correlation by estimating the 

proportion of animals which moved at each temperature and 

ignored the whole question of velocity. He found that 

activity increased from zero at 5•c. to a first maximum 

at 20•0., remained steady to 3o•c. and then fell slightly 

to 35•0. before rising steeply to a second maximum at 42°0. 

Above that temperature there was a rapid decline in 

locomotor activity and lethal effects became obvious. 

Nicholson interprets the high temperature peak of activity 

as an orthokinetic response to temperature, a res ponse 

which would ensure that the organism did not remain long 

in the unfavourable temperature range. 

Mellanby (1936) found a similar correlation in his 

experimental investigation of the tsetse fly, 

Glossina palpalis. Flies were not particularly active at 

temperatures below 21"0. (Triatomid bugs also manifested 

steadily decreasing levels of activity at temperatures 

below 21•0.) Furthermore, below a•o. tsetse flies were 

completely immobilised. 

A similar pattern of behaviour has been observed in 

the case of triatomid bugs here in this investigation. 

The results obtained from the experimental work have 

revealed that the phototactic response to betalight shows 

a pro gressive increase with each gradual rise in 

temperature. Furthermore, it has been shown that the 
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response to a light source must ultimately depend on 

locomotor activity. Since temperature has been shown to 

influence activity levels, bugs being completely inactive 

at or around 8°C., activity being resumed with a gradual 

increase in temperature, a distinct correlation can be 

drawn between the relative attractiveness of a l i ght source 

and ambient temperature. 

Temperature has been shown conclusively to exert an 

important influence on the speed of locomotion of an 

insect. The influence of temperature on the rate of 

pro gression in Periplaneta americana has been inve s tigated 

by McConnell and Richards (1955) and their research 

indicates that the cockroach will run significantly 

f aster at higher temperatures. Their work has shown 

that the speed of cockroach movements is related to 

tempe rature as dep icted by t he Arrhenius relationship; 

s o that a plot of the nat ura l lo garithm a gainst the 

recip rocal of the absolute t emperature g ives a s traight 

l i ne. 

Thermo k inetic s tudies on ants, Th i ome topum ap iculatum. 

are d e s cribed by Shapl ey (1920 a n d 1924) . Shapley s et 

up a very s imple experime n t i n whjch he measured the 

rat e of locomotion of a tra i l of ant s a t v a r ying 

t emperatures. His result s i nd ica t e that as t he 

t emperature rises ~o•c. the speed changes 15-fold, 

i ncreas i n g uniformly from 0.44 cm./s ec. to 6 . 60 cm./sec. 

I t a lso appe a r s from Shapley's work t hat o t he r 

meteorolo gical factors, with the po ssib l e e xce pt i on or 

rain, h ave v e ry little if any e ffect on the kinetic 
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response. So constant was the temperature to speed of 

locomotion relationship that Shapley could estimate the 

temperature to within 1•c. from a single measurement of 

ant speed. 

The speed of locomotion of triatomid bugs also 

appears to be strongly influenced by temperature for 

experimental results obtained suggest that bugs will move 

considerably faster at h i gher temperatures. This may 

indeed be an example of an orthokinetic reaction. The 

reason for this increased rate of locomotion has not 

been investigated here but Shapley (1920) suggests that 

variation in the activity of the poikilotherm is largely 

governed by the metabolic processes of the organism which 

in turn will depend on the rate of oxidation and various 

other internal chemical reactions. The physical factor 

of temperature will affect these chemical processes and 

therefore it seems reasonable to postulate that it should 

also influence the kinetic responses of the organism. 

Indeed Crozier (1924) investigating the velocity of 

progression of a diplopod, has stated that "in common 

with many chemical reactions, at ordinary temperatures, 

the velocities of a variety of protoplasmic activitie s 

are found to be about doubled or trebled by a 10• rise 

of temperature." Crozier therefore suggests that the 

rate of arthropod locomotion must ultimately depend on 

the central nervous system, for temperature may directly 

affect the rate of discharge of nerve impulses from the 

nerve centres. 

Perhaps another mechanism may be ope rative to explain 
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response. So constant was the temperature to speed of 

locomotion relationship that Shapley could estimate the 

temperature to within l"C. from a single measurement of 

ant speed. 

The speed of locomotion of triatomid bugs also 

appears to be strongly influenced by temperature for 

experimental results obtained suggest that bugs will move 

considerably faster at higher temperatures. This may 

indeed be an example of an orthokinetic reaction. The 

reason for this increased rate of locomotion has not 

been investigated here but Shapley (1920) su ggests that 

variation in the activity of the poikilotherm is largely 

governed by the metabolic processes of the organism which 

in turn will depend on the rate of oxidation and various 

other internal chemical reactions. The physical factor 

of temperature will affect these chemical processes and 

therefore it seems reasonable to postulate that it should 

also influence the kinetic responses of the organism. 

Indeed Crozier (1924) investigating the velocity of 

progression of a diplopod, has stated that "in common 

with many chemical reactions, at ordinary temperatures, 

the velocities of a variety of protoplasmic activities 

are found to be about doubled or trebled by a 10• rise 

of temperature." Crozier therefore suggests that the 

rate of arthropod locomotion must ultimately depend on 

the central nervous system, for temperature may directly 

affect the rate of discharge of nerve impulses from the 

nerve centres. 

Pe rhaps another mechanism may be operative to explain 
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the increased rate of locomotion. Chapman (1959) has 

shown that the body temperature of an insect is of 

overriding importance in limiting rlight and that all 

insects have a minimum body temperature below which 

flight is quite impossible. The important factor here 

lies in muscle physiology. The length of time taken for 

the completion of a flight muscle twitch is so long at 

temperatures below 24•c. that flight of Schistocerca is 

inefficient and the twitch is only sufficiently short 

above 3o•c. for really sustained flight to occur. The 

wingbeat frequency of Drosophila is also influenced 

by temperature and the frequency shows a steady increase 

with a rise in temperature (Chadwick, 1953). In the case 

of triatomid bugs it may be possible to implicate some 

sort of similar mechanism in the muscles associated 

with ambulatory locomotion. Whatever the mechanism is, 

it is clear that temperature influences directly speed 

of locomotion and hence the total phototactic responses 

of triatomid bugs. 

. • 

1. 
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The in!'luence of ambient relative humidity on the phototactic 
behaviour of triatomid bugs 

The behavio11r of arthropods can be influenced dramatically 

by the ambient relative humidity. The woodlouse, Porcellio 

scaber (Crustacea), normally found in damp places, e.g. under 

stones, will vary its general locomotor velocity 

according to the ambient relative humidity. Thus, in dry air, 

woodlice are almost incessantly active with very rapid 

movements, whereas in moist air the average speed of 

movement is low and the woodlice are often found to stop 

moving altogether. The end result of this dependence of 

linear velocity on humidity is that the woodlice tend to 

aggregate in situations with moist air. This orientation 

mechanism is described as an orthokinesis and it clearly has 

a survival value in woodlice which would certainly die if 

maintained for long periods in dry air. 

Most insects have a r ange of preferred humidities in 

which they manifest relative inactivity, whereas outside of 

this range there is a notably increased activity. In general, 

therefore, insects will tend to avoid a very high humidity, or 

conversely, a very low one. Schistocerca hoppers are 

considerably agitated by a relative humidity either side of 

60% - 70% (Wigglesworth, 1965). Conversely, adult Tenebrio 

show a preference for air with a low relative humidity, 

although individuals subjected to desiccation will exhibit a 

distinct preference for higher humidities until the internal 

body water content returns to normal. Clearly the ambient 

relative humidity is important in the behaviour of some 

arthropods, their overall biology being geared to a very 

specific range of relative humidity. The differences obvious 
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in relative humidity p references may indeed reflect 

differences in the degree of waterproofing to be found in the 

cuticle of each insect species. 

It is not known from this study how far relative humidity 

might influence the behaviour of triatomid bugs. The 

distribution of Triatominae in the wild is undoubtedly 

influenced by temperature and relative humidity. Lucena (1959) 

indicates a preferred relative humidity of 80% for both 

Panstron3ylus me~istus and Triatoma infestans and 70% for 

Triatoma maculata. These humidities are clearly those to 

which the species' reproductive capacity and d evelopment are 

adapted and which ensure successful breeding of t he species. 

Furthermore, Gomez-Nunez (1963) states that a humidity of less 

than 50% might considerably reduce the frequency of eclosion in 

Rhodnius nrolixus. 

Interestingly, laboratory investigations have revealed that 

colonies of triatomid bugs are able to withstand a much wider 

range of relative humidity. Ryckman (1952) states that a 

range of relative humidity from 32% to 96%, tested at a 

constant temperature of 30•0., had no serious effect on a 

laboratory culture of triatomid bugs. Hyckruan and Ryckman 

(1966) have further stated that triatomid bugs are capable of 

living in a wide ran3e of relative humidities from VJrY h i~h 

to very low, including a rang e of 10% - 96~ . Clearly, 

triatomids are hardy insects able to withstand a wide range of 

relative humidity without any detrimental e~fect o n 

biological functioning. 

The way in which relative humidity might influence the 

behaviour, and in p articular photot actic behaviour, ot 
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triatomid bugs has not been thoroughly investigated. A 

preliminary experiment here suggested that the two relative 

humidities tested, namely 29% (! 3%) and 90% (! 3%) had no 

significant effect on the total response of bugs to betalight. 

Further experiments encompassing a wider range of relative 

humidities are clearly warranted. Apparatus which allows a 

precise evaluation of phototactic behaviour in carefully 

controlled humidities must therefore be designed for this 

purpose. Nevertheless, the suggestion that relative humidity 

is not significant in the bugs' response to betalight may 

indeed be corroborated by other work both on triatomid bugs 

and other species of insects (Sjo~ren and Ryckman, 19661 

U.S. Department of Agriculture, 1961) which have not indicated 

a marked relationship between humidity and response to a light 

source. Wiesinger (1956) has stated that relative humidity is 

of no importance in determining the periodical activity of 

Triatoma and that humidity is not in itself a controlling 

factor in the selection of a suitable resting place. Lumsden 

(1947) in his study of~ aegypti suggests that the 

environmental relative humidity was of little or no 

importance in the biting activity of this species of mosquito. 

Clearly there are arthropods whos e imme d iate behavioural 

r esponses are not influenced by ambient relative humidity. 

It may be that relative humidity is not important in the 

short term behavioural responses of bugs . Indeed, no difference 

in the general activity of bugs , a nd hence phototactic res ous e, 

was observed at the ran ge of humidities possible in th i s 

study. A relative humidity below 29~ , however, might have some 

effect on activity; indeed, a very low ambient humidity might 
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elicit an orthokinetic reaction, although Wiesinger's study 

(1956) seems to discount this possibility. 

Finally, despite laboratory investigations which suggest 

a wide ranging tolerance to relative humidity, this 

environmental factor does appear to have significance, together 

with temperature, in limiting the distribution or different 

speciea of Triatominae in the wild. 

This theme clearly warrants further experimentation both 

in the field and in the laboratory. 
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The environmP.nt of the domestic and peri-domestic habitat and 
its ini"luence on the operation of light traps 

The eventual aim in epidemiological surveys of Chagas's 

disease should be the extensive use of light trap operations 

in the domestic and peri-domestic habitat. In that connection 

a knowledge of the possible seasonal and diurnal fluctuations 

in climatic conditions within such environments would indeed 

be invaluable to see how far external environmental conditions 

aff ect the catches of bugs in a light trap. There does not 

appear to have been an extensive study of the climate, and in 

particular the micro-environment, of human habitations within 

the endemic zones of Chagas's disease (U. S . Department of 

Agriculture, 1972; Miles and Rouse, 1970). In the absence of 

such s pecific enTironmental data, the work of Haddow (1942) 

seems particularly relevant in this context since it provides 

a thorough description of primitive dwellings in Africa which 

at this stage may provide a useful comparison. The native huts 

of Kisumu District in Kenya were generally round buildings, 

constructed with mud walls and topped with steeply pitched 

grass roofs. The absence of windows was a particularly notable 

feature. Haddow recorded the environmental condit i ons within 

such a hut by means of thei·mograph a nd hygro gr aph. '.l'he results 

he obtained indicate that a hut will offer a high de gree of 

shelter and protection for the domestic insect faun a such as 

mosquitoes. The native hut in Kisumu appears to be a 

remarkably insulated structure in which environmental conditions 

are equable. The mean ranges i n b oth temperature and relative 

humidity were considerably less pronounced inside the hut than 

those of the outside, so much so that Haddow sugge s ts that 

these two factors might be discounted as factors causing 
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variations in the biting activity of mosquitoes. Haddow 

clearly demonstrated the differences between indoor and 

outdoor environmental conditions in cool wet weather and hot 

dry weather. Thermograph records indicated that differences 

between indoor and outdoor temperatures were much greater in 

hot dry weather. Similarly, the differences between indoor and 

outdoor humidities were much greater in hot dry weather. 

Temperatures inside the hut during the months October to 

December ranged from 23"C. at midnight to 26"C. at midday. In 

wet weather the range was from 2o•c. - 26"C•t whereas in dry 

weather it was 21•0. - 31•c. This data at least indicates 

the kind of daily temperature range inside a habitation and 

furthermore how this range can be influenced by wet and dry 

weather. The experimental data in this thesis indicate that 

bugs are considerably more responsive to betalight at higher 

temperatures and so it seems reasonable to postulate that the 

trapping effect might be significantly enhanced in hot dry 

weather. 

In Haddow' s study (l9Ll-2) the relative humidity inside a 

hut ranged from 58% at midday to 83% at midnight in wet weather. 

In dry weather the range was 4~% to 72%. The experimental 

findings obtained in this study suggest that relative humidity 

has no s~gnificant effect on the activity of triatomid bugs 

and so any similar changes in the relative humidity within 

South American habitations may po s sibly be disregarded. 

Lumsden (1951) carried out a similar investigation of hut 

environments in Bwamba County, Uganda. Again the housing was 

primitive, consisting essentially of grass thatch on a frame

work of poles. The walls of these dwellings were poorly 

constructed and the absence of windows meant a considerably 
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reduced light intensity inside the huts, being in some cases 

below that even of the forest environment. Lumsden in his 

~tudy similarly concluded that the hut provided an 

environment sheltered from the marked climatic variations of 

the exterior. Thermograph tracings did not reveal any of the 

short-term fluctuations which are particularly characteristic 

of the open air. Although Haddow has suggested a fairly 

constant environment within the hut with only minimum ranges 

of temperature and humidity, discounting any eff'ect on mosquito 

behaviour, there are nevertheless slight variations which, 

within a similar habitat in South Amer ica, would elicit marked 

differences in bug behaviour. This study bas revealed f or 

example that only a few degrees difference in temperature 

are sufficient to alter the level of phototactic response. 

The relevance of the findings in this investigation has 

yet to be determined. The climatic conditions prevalent in 

the South American domestic and p e ri-domestic habitat need to 

be fully assessed. It may at least be presumed that the 

environment of both the domestic and peri-domestic habitat 

will in turn be influenced by the ~enera l climate or the 

immediate area. An intensive climatic s urvey of the ar~a in 

which a l ight trap is to be used is suggested and in this 

connection, the general review of the clima tology of South 

America by Eidt (1968) in which the author classifies various 

regions according to meteorolo gical data would seem invaluable. 

Chagas's disease occurs principally in rural zones, and 

furthermore there appears to be a close correlation between 

the incidence of the disease and the low socio-economic 

conditions encountered in endemic zones. Rodrigo 6&ledon (19?4) 
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bas underlined in particul a r the epidemiolog ical significance 

of sanitary conditions, housing conditions (based on type of 

construction) and educational standards. In those situations 

where the housing is primitive, conditions are ideal for 

triatomid infestation. In general, habitations which are 

poorly lit, dirty, constructed with mud, a dobe or cane walls, 

and roofed over with thatch, will provide shelter for species 

of Triatoma and Panstron~ylus within the cracks and fissures 

of the walls. (There is some similarity with the African 

huts described by Haddow (1942) and it may be supposed that 

South American dwellings also provide fairly e quable 

environments with similar patterns of temperature fluctuation). 

Even houses constructed with brick and roofed over with 

corrugated iron, will, if badly-built, provide harbourage for 

bugs. Furthermore, the bedding of both humans and domesticated 

animals will also furnish an excellent r esting p l a ce for bugs 

(Usinger, 1944). Bugs have even been located behind old 

picture frames. Interestingly, s pecies or Rhodnius show a 

preference for roofs thatched with palm leaves or grass . 

(Zeledon, 1974). 

The environmental conditions within any such habitation 

will depend therefore not only on external climat i c conditions 

but also, to some extent, on the kinds of material used in its 

construction. The presence of domestic s tock may also be 

relevant in determining environmental conditions. The total 

number of human occupants will a l s o affect climatic conditions 

within any h abitation for a s Haddow d iscovered (1942), a hut 

occupied by ten men h as a slightly higher tempe rature t h an 

a hut occupied by only one man. Furthermore the more crowded 
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hut had a somewhat lower relative humidity than the hut 

occupied by only one man. Clearly, a whole range of factors 

will be important in creating the overall climate of any 

human dwelling which will in turn influence the behaviour of 

any vector species present. 

Climate b.as been designated as a major factor affecting 

the importance of the epidemiologically significant vector 

species, and hence both the d istribution and rate of 

transmission of Chagas's disease in South America (Rodrigo 

Ze ledon, 1974). It is suggested, for example, that 

Panstrongylus me~istus may not become adapted to human 

dwellings in some re gions simply because the ambient relative 

humidity is not adequate for continued breeding of the species. 

A relative humidity below 60% (at a temperature of 21•c. - 2s•c.) 

is regarded as deleterious. There are interesting differences 

in the overall climatic preferences of triatomids, Triatoma 

infestans. for example, preferring a warm yet at the same time 

not too humid environment, whereas other species will not 

tolerate a relative humidity below 60%. 

Furthermore, in terms of general seasonal changes, 

temperature is important in influencing reproduction and 

development of the insect ( Symes et. al., 1962). The 

distribution of bugs according to temperature has been 

outlined by Bustamente (1957) and Lucena (1959). Triatoma 

maculata appears to be limited by a range of 2~•c. - 27·c. 

and Triatoma infestans by a range of 17•0. - 23•c. Gomez

Nunez (1963) indicates that Rhodnius prolixus will tolerate 

a range of 1G•c. - }4-•c. These are the preferred 

temperature ranges of each species, but it must be remembered 
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that, within their respective habitats, t here will be 

considerable daily fluctuations either side of these values. 

Laboratory experiments carried out by the author and Wiesinger 

(1956) indicate that temperatures below 20~C. will inhibit 

activity. It is therefore suggested that should temperatures 

within habitations drop below 21•0. during the night, there 

might be a corresponding drop in the size of the catch taken 

in a light trap. A progressive increase in temperature above 

21•0. will yield a progressively bigger catch. Laboratory 

experiments have indicated that in the case of triatomid bugs, 

there is something like maximum activity at around 36•0. If 

night time temperatures reached this level within South 

American dwellings then, provided the bugs were of the right 

physiological condition, it might be supposed that the trapping 

effect would be maximal. Interestingly, Lumsden (1947) 

discovered that the optimum environmental temperature for 

biting activity in~ ae~yuti was approximately 35•c. 

As far as South American habitations are concerned it may 

be supposed that a temperature range of 20•0. - 36"0. should 
4 

provide a reasonable catch of bugs, with a larger proportion 

of bugs being caught in the upper part of this range. 

Haddow•s study (1942) indicated that temperatures were a few 

de grees higher in the hours just prior to midnight. It may be 

that as soon as it is dark, bug s will become a ctive and emerge 

from crevices while temperatures are still above the fairly 

low midnight value, e.g. 21" - 23•0. is the temperature 

recorded at midnight in the African hut (at least from October 

to December). It could be that in South American habitations 

all activity, and hence the possibility o~ a response to a 
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light trap, will be concentrated in the several hours of 

darkness preceding midnight. 

Considerably more investigation is clearly warranted 

inside human dwellings in South America with particular 

regard to temperature and its influence on the operation of 

a suitably designed light trap. 
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The combination of betalight and butyric acid as an 

attractant for triatomid bugs 

There are various references in the literature to 

situations where the use of chemical attractants i~ light 

traps bas considerably increased the size of the insect 

catch. These have been discussed in some detail in the 

general review on light traps. 

It is significant that triatomid bugs have been shown 

to exhibit a distinct attraction to the saturated fatty 

aeid, butyric acid ( CH3cH2 CH2COOH, b.p. 162°0.). Butyric 

acid, like the other lower saturated fatty acids, hes a 

decidedly unpleasant and penetrating smell. Indeed, the 

odours of perspiration and rancid butter are chiefly due 

to the presence of butyric acid and it is further interesting 

to note that the acid has been shown to occur in the free 

state in human sweat (Hey, 1966). Since bugs may be 

attracted to their hosts by various chemical emanations, 

e.g. expired carbon dioxide and the odour of sweat, it 

seemed reasonable to infer that bugs might be attracted 

to butyric acid, a constituent of human sweat. Interestingly, 

fourth instar nymphs of Rhodnius prolixus manifested a diel 

rhythm of attraction to a source of butyric aci~. The 

finding is significant in that there is at least available 

a ready supply of synthetic chemical attractant which could 

play an important role in the trapping of triatomid bugs 

in the field. Beroza (1970) gives an interesting account 

of the possible use of synthetic chemical attractants in 

controlling some of the economically important pests. The 

same theoretical considerations outlined by Beroza (1970) 
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may equally apply to the medically important insect vectors. 

This investigation has been concerned with the possibility 

of incorporating a successful synthetic chemical attractant 

in a light trap suitable for triatomid bugs. In this 

connection it may be further useful to experiment also with 

caproic acid, c5H11cOOH, the skin secretion of goats, and 

acetic acid, cH3cooH, which has already been shown to be 

attractive to Glossina (Chapman, 1961). These may also prove 

to be useful attractants for triatomid bugs. In this study, 

catches of third instar nymphs of Triatoma infestans were 

found to be considerably larger in a choice chamber 

equipped with a combined attractant, namely betalight and 

n-butyric acid. This finding may have relevance in field 

conditions with other stages and species. 

The application of chemical attractants for trapping 

bugs in the field has not been fully investigated as yet 

and some experimentation on this theme is certainly warranted. 

There may even be some possibility of using synthetic 

pheromones in light traps set to catch triatomid bugs. 

This technique has proved considerably successful in work 

on other insect groups, most notably that of Henneberry et. 

al. (1967) which indicated that the l ight trap catches of 

male cabbage looper moths, Trichoplusia ni could be 

considerably increased by baiting the traps with virgin 

females. The work ot Howland et. al. (1969) has shown that 

light trap• also equipped with synthetic pheromone 

■igniticantly increased the catches of males of!.:....!!.!. over 

a period ot several weeks. In this connection it is 
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may equally apply to the medically important insect vectors. 

This investigation has been concerned with the possibility 

of incorporating a successful synthetic chemical attractant 

in a light trap suitable for triatomid bugs. In this 

connection it may be further useful to experiment also with 

caproic acid, c5H11cooH, the skin secretion of goats, and 

acetic acid, ca3cooH, which has already been shown to be 

attractive to Glossina (Chapman, 1961). These may also prove 

to be useful attractants £or triatomid bugs. In this study, 

cat ches of third instar nymphs of Triatoma infestans were 

found to be considerably larger in a choice chamber 

equipped with a combined attractant, namely betalight and 

n-butyric acid. This finding may have relevance in field 

conditions with other stages and species. 

The application of chemical attractants for trapping 

bugs in the field has not been fully investigated as yet 

and some experimentation on this theme is certainly warranted. 

There may even be some possibility of using synthetic 

pheromones in light traps set to catch triatomid bugs. 

This technique has proved considerably successful in work 

on other insect groups, moat notably that of Henneberry et. 

al. (1967) which indicated that the l ight trap catches of 

male cabbage looper moths, Trichoplusia ni could be 

considerably increased by baiting the traps with virgin 

females. The work of Howland et. al. (1969) has shown that 

light traps also equipped with synthetic pheromone 

significantly increased the catches of ma les of~ over 

a period of several weeks. In this connection it is 
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therefore significant that a sex pheromone is known to be 

produced by mating pairs of Rhodnius prolixus (Baldwin et. 

al., 1971). 

In conclusion, it is important to stress that it is not 

suf£1cient to simply observe attraction to a chemical source 

and assume that this will prove a successful attractant in 

the field. The entomologist has to design a trap which 

will yield a maximum catch; be bas to check the size and 

type of chemical dispenser and also the concentration of 

chemical, remembering that it may repel the insect at 

high concentrations; finally, the entomologist will need 

to cons i der not only the size of the trap openings but 

also the actual trapping technique, for example, whether 

a volatile insecticide will be utilized, a sticky 

substance, or simply a mechanical baffle. Whether the 

attractant works in field conditions depends not only 

on some of the factors mentioned in the review of literature 

on light traps but also the direct competition from 

other ambient stimuli which could conceivably override the 

influence of the attractant. 



CONCLUDING REMARKS 

The attraction of an insect to light will be influenced by 

many factors. These factors, both environmental and 

physiological, have been outlined by Weiss et.al. (1943) and 

a diagram indicating the possible interaction between these 

factors is presented in Figure 35. These same factors can of 

course influence the attraction of vector species, and in 

particular triatomid bugs, to a light source. The relative 

significance of each factor mentioned by Weiss et. al. (1942) 

is discussed in the context of experimental findings relating 

to triatomid bugs. 

The sensory apparatus, receiving the light stimulus, will 

be subject to some variation in functional operation. The 

way in which the compound eyes and ocelli respond to the light 

source may depend on a number of factors: 

1. The insect's previous exposure to light, in other 

words, whether it is light adapted. 

2. The angle of incidence 

3. Variations in sensitivity in the different regions 

of the compound eye 

4. Position of the iris pigment 

5. Rate of pigment migration in relation to light 

intensity. 

The question of sensory adaptation was not studied 

experimentally here in this study but it is suggested that this 

may indeed be important where a considerably brighter light 

source than betalight is used in field operations. 

Furthermore, the internal structure of the compound eyes and 

ocelli of triatomid bugs will need to be investigated fully 

to build up a complete understanding of phototaxis in triatomid 
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bugs. 

Provided the sensory receptors are ready physiologically 

to receive the light stimulus and transmit this information in 

the form of nerve impulses to the brain, then the insect will 

respond and behave accordingly. However, the way in which the 

vector responds to a light stimulus, emitted by a light trap, 

will ultimately depend on its physiolo gical condition. 

Observations from experimental work in this thesis suggest the 

importance of the nutritional condition of bugs, bugs 

manifesting a gradually enhanced phototactic response with 

pro gressive starvation. Furthermore, the ecdysis or moult 

has been shown to considerably depress the phototactic response. 

The week or so prior to the moult will see a gradual decline 

in phototactic behaviour and it is suggested that this may 

reflect the level of metabolic reserves available for 

locomotor activity. The ways in which bugs respond to a light 

source post-emergence has indicated that, in the absence of a 

blood meal, there is a g radually increased response to light. 

This may again reflect the use or state of the insect's 

metabolic reserves. Finally, the absence or presence of a 

suitable host will clearly influence the physiological state 

of a triatomid bug and so this factor must be included in the 

consideration. 

The operative efficiency of a light trap will show a good 

deal of variability. The brightness of a light source is 

perhaps foremost as a factor likely to cause sucb variability. 

Triatomid bugs manifested a significantly greater response to 

betalights of higher microlambert value. 'rhe in£luence of 

colour needs to be investigated further but experimental work 
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here suggests, perhaps tentatively, that the shorter 

wavelengths of radiation mi ght prove considerably more 

attractive to triatomid bugs. The overall design of a light 

trap also needs careful consideration such that the finally 

formulated trap is adequate to catch a sufficiently large 

enough collection of specimens, or, at least, a number or 

sample of insects suitable to the needs of the investigator. 

Having achieved an optimum trap on the basis of both general 

design and light source, it is then important to ensure that 

the trap is sited in the appropriate location so that it may 

operate at its maximum efficiency. 

An insect's physiology will be very much influenced by its 

local and contemporary environment. Weiss et. al. (194 3) have 

suggested temperature, relative humidity, air currents, and 

ambient chemical stimuli as possible factors which may affect 

the way in which an insect responds to light. Experimental 

design precluded a full investigation of relative humidity 

and its influence on the phototaxis of triatomid bugs. 

However, on the basis of limited data, the author suggests 

that even though ambient relative humidity is known to 

influence the ecolo gical distribution of a bug, and, in the 

long run, its adaptive and br~eding success, there is no 

rea~on to suppose that this enttronmental factor might influence 

a bug 's more short-term behavioural r e sponse to a light source. 

Te mperature, however, has been shown to have a very profound 

influence on bugs' phototactic responses. A considerably 

enhanced response to a betali~ht source results at more 

elevated temperatures snd this has been shown to depend on the 

direct effect of temperature on speed of movement. A 

temperature of around 36•0. will certainly yield aomething 
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like a maximum response whereas temperatures below 21.7•c. 

will, as suggested by experimental data presented here, 

considerably reduce the bug 's potential of responding to a 

light source. Temperature may ultimately affect the bug's 

general level of metabolism. It would indeed be interesting 

to see how close the correlation might be between light trap 

catch and ambient temperature in the field. An extensive 

study of climatology and its relation to trapping is to be 

strongly recommended. 

The vector will also be subjected to a range of ambient 

chemical stimuli. Emanations from the host in the form of 

carbon dioxide and sweat will be foremost in enabling the bug 

to locate its blood meal. It is therefore significant that 

butyric acid has proved attractive to bugs and it has been 

suggested that this chemical might be used in conjunction 

with a light source as a combined attractant in a suitable 

trap. This is cle a rly an example of a synthetic chemical 

being used to enforce or strengt hen the trapping effect 

achieved with a light source. Conversely, it is important 

to stress the possibility of extraneous chemical stimuli 

overriding the trapping effect of a photostimulus in 

situations where only a light source i s employed in a trap. 

Air currents, although not considered in t his investigation, 

are of course important dispersal agents for chemical stimuli. 

It is not known how photoperiod mi ght affect the 

behaviour of bugs in the domestic and peri-domestic habitat. 

Laboratory investigations have, however, indicated that a 

bug's previous photoperiodic entrainment has the capacity to 

determine the onset and duration of its locomotor activity. 
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A pre-arranged set of time cues or zeit gebers in the fo~m of 

definite cycles of light and dark will govern, very precisely, 

the bug's behaviour such that, in the absence o_f further 

zeitgebers, a diel pattern of locomotor activity is manifested 

over a period of several days. Experiments have clearly shown 

that triatomid bugs only manifest maximum activity during the 

period corresponding to the scotophase or d ark cycle of their 

photoperiodic entrainment. Furthermore, the phototactic 

responses of bugs have been shown to follow closely the 

diel rhythm of locomotor activity as governed by photoperiodic 

entrainment. 

Bugs, adapted to the nocturnal habit, emerge from their 

crevices when it is sufficie~tly dark. Interestin~ly, 

laboratory investigations by Wiesinger (1956) have clearly 

shown an inhibition of feeding activity in Triatoma infestans 

in the presence of strong light. Furthermore, it is suggested 

that the choice of a hiding place some time after a blood meal 

may be governed by a combination of photophobia and 

thigmotaxis. Light and darkness are therefore important in 

governing the periodical activity of bugs in the wild. It 

seems reasonable to postulate that the natural photoperiod 

will also initiate distinct rhythms of behaviour, both in terms 

of looomotion and feeding. 

In a consideration of the possible mechanisms underlying 

the attraction of an insect to a light source it was stated 

that the amount of contrast existing between the light source 

and its immediate surroundings will be of primary importance 

in determining the extent to which a light t rap may catch 

insects. Moonlight, or indeed any other general background 
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illumination will reduce this level of contrast and therefore 

interfere with the insect's phototactic response. Background 

illumination will therefore have a considerable effect on the 

operative efficiency of any light trap and should also be 

considered seriously in any epidemiological survey which aims 

to use iight traps as a means of collecting triatomid bugs. 

Some knowledge of the general levels of illumination in 

dwellings, both by day and by night, will be particularly 

valuable in this context. Many of the poorly constructed 

dwellings in South America are fairly dark even during the day 

which suggests that, in the absence of any a rtificial 

illumination at night, a light trap should operate r easonably 

well. 

This investigation has been concerned primarily with the 

phototactic responses of triatomid bugs, and more specifically, 

their attraction to the self-powered light source called 

betalight. A positive diel rhythl!i of attraction to a wide 

range of betaligbts, of different brightnesses and different 

colours, has been demonstrated not only in the five species 

studied here but also in their different i nstars. The results 

from this preliminary laboratory investig ation t herefore 

suggest that betalight, with all its inherent advantages, 

could prove a useful attractant for a light trap in the field. 

The next step in this study should be to assess the possibility 

of incorporating betalight in a trap of suitable d esign, and 

this will necessitate e%tensive experimentat ion in the field. 

The experience gained in this study therefore constitutes a 

u s eful theoretical backBround f or such e xperimentation and 

indeed F i gure 35 s hould offer a u s eful guide line for the 
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entomologist engaged in any epidemiolog ical survey . 
1· 
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