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LARVAE OF THE FLY SARCOPHAGA BARBATA. 

This research concerns the "behavioural adaptiveness" of the 
orientating reactions of invertebrates. In certain situations some 
animals persist in the same reaction regardless of its results, while 
others stop reacting and revert to alternative behaviour: examples are 

given of both types. The problem is discussed in the light of current 
literature both on orientating reactions of insects and on "short term 
reaction waning", as those two fields of research, until now quite 
separate, may, considered together, clarify the problem. 

The experiments concern a particular instance of the adaptivity 
to the situation in the orientating behaviour of larvae of the fly 
Sarcophaga barbata. The larva orientates by negative phototaxia and is 
allowed to enter a blind alley while crawling away from a horizontal 
directional light. When it has reached the end wall and has spent some 
time attempting to get through, it crawls back down the alley towards 
the light and reaches the way out. Once outside, it again turns and 
crawls away from the light, 

The problem then is to determine what happens during the time the 
larva spends at the end wall and what induces it to crawl towards the 
light (instead of continually attempting to escape from it) and so reach 

the way out. Three hypotheses that could explain the larva's behaviour 
were tested; (a) waning or "exhaustion" of the light avoidance reaction 
through repetition, (b) decreased light sensitivity due to photoreceptor 
adaptation, (c) inhibition of the light reaction by interference from 

tactile stimulation. All these hypotheses were disproved by the 
experimental results. The experiments involved in testing hypothesis  (o) 
showed the importance of tactile stimuli and a reaction - "the sharp turn" - 
not previously described in the literature was studied. 

In Part II the influence of tactile stimuli on the larva's behaviour 
was investigated. The results showed that the larva's "pupation site 
selection" behaviour is regulated by tactile stimuli. The most 
interesting result here was the demonstration that the larva is able to 
perceive the "spatial relationships" of the walls of a container and can 
determine whether it is "open" or "closed". 

In Part III the "turning reaction" was investigated. The results 
showed that in the larva's orientating reaction two components are to be 
distinguished: a "sharp turning" away and a crawling away from the light 
with / 	 Use other side if necessary. 



with a "wide" tu:.. Further experiments demonstrated that a central 
inhibitory process specific to the stimulus can inhibit the sharp turning 
reaction. miring the time the larva spends at the end wall of the blind 
alley, the "sharp turning" reaction is inhibited hence allowuig the larva 
to crawl towards the light following the alley's walls. Once outside 
the alley, and no longer restrained by its walls, the larva resumes is 
crawling away from the light by means of the "wide turn" reaction. 

Finally the characteristics of the central inhibitory process in 
the larva discerned from the present research are discussed in the light 
of the current literature. 
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SU1MkRY 

This research concerns the "behavioural adaptiveness" of the 

orientating reactions of invertebrates. In certain situations some 

animals persist in the same reaction regardless of its results, 

while others stop reacting and revert to alternative behaviour: 

examples are given of both types. The problem is discussed in the 

light of current literature both on orientating reactions of insects 

and on "short term reaction waning", as these two fields of research, 

until now quite separate, may, considered together, clarify the 

problem, 

The experiments concern a particular instance of the 

adaptivity to the situation in the orientating behaviour of larvae 

of the fly Sarcophaga barbata. The larva orientates by negative 

phototaxis and is allowed to enter a blind alley while crawling away 

from a horizontal directional light. When it has reached the end 

wall and has spent some time attempting to get through, it crawls 

back down the allay towards the light and reaches the way out. Once 

outside, it again turns and crawls away from the light. 

The problem then is to determine what happens during the time 

the larvae spends at the end wall and what induces it to crawl towards 

the light (instead of continually attempting to escape from it) and 

so reach the way out. Three hypotheses that could explain the larva's 

behaviour were tested; (a) waning or "exhaustion" of the light 

avoidance reaction through repetition, (b) decreased light sensitivity 

duo to photoreceptor adaptation, (c) inhibition of the light reaction 



by interference from tactile stimulation. All these hypotheses 

were disproved by the experimental results. The experiments involved 

in testing hypothesis (o) showed the importance of tactile stimuli 

and a reaction - "the sharp turn" - not previously described in the 

literature was studied. 

In Part II the influence of tactile stimuli on the larva's 

behaviour was investigated. The results showed that the larva's 

"pupation site selection" behaviour is regulated by tactile stimuli. 

The most interesting result here was the demonstration that the 

larva is able to perceive the "spatial relationships" of the walls 

of a container and can determine whether it is "open" or "closed". 

In Part III the "turning reaction" was investigated. The 

results showed that in the larva's orientating reaction two components 

are to be distinguished: a "sharp turning" away and a crawling away 

from the light with a "wide" turn. Further experiments demonstrated 

that a central inhibitory process specific to the stimulus can inhibit 

the sharp turning reaction. During the time the larva spends at the 

end wall of the blind alley, the "sharp turning" reaction is inhibited 

hence allowing the larva to crawl towards the light following the 

alley's walls. Once outside the alley, and no longer restrained by 

its walls, the larva resumes its crawling away from the light by means 

of the "wide turn" reaction. 

Finally the characteristics of the central inhibitory process 

in the larva discerned from the present research are discussed in 

the light of the current literature. 
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INTRODUCTION 

The Problem. 

The type of orientating reaction of invertebrates called 

'tropism' or 'Taxis' according to the different theories, has been 

one of the first behavioural topics investigated from the early 

years of the century. But in spite of the amount of work done on 

the subject there are still some aspects of this reaction that are 

far from being clarified. One of these is what Loeb (1905) called 

the "unadaptiveness" of the reaction (i.e. the animal persists in 

the same reaction regardless of its results). Obviously the terms 

"adaptiveness" and "unadaptiveness" refer only to the behavioural 

situation and not to a phylogenetic process of adaptation. The 

terminology is that used by the author quoted and does not imply the 

writer's agreement. Contrary to many other reactions, the orientating 

reaction in invertebrates does not seem to be subject to the phenomenon 

of inhibition from external stimuli or waning through repetition or 

continuous stimulation. The classic experiment with newly hatched 

Euproctis caterpillars which die of starvation inside a test tube 

striving towards the light, when at the other end of the test tube 

there are plenty of leaves (Loeb, 1905), does support Loeb's point 

of view. The results of the experiment were subsequently confirmed 

by Hess (1919), Schmitt—Auracher (1923) and Lammert (1925). 	Loeb's 

theory of tropism (see following paragraph) has long ago been 

dismissed, but no explanation of the caterpillars' behaviour is yet 

available (Verheijen, 1958; Chauvin, 1962). 

More recently Viaud (1948 9  1957) emphasized the difference 

between "instinctive" reactions and "tropisms" on the basis that 

instinctive reactions are "motivated" and vanish after some repetition, 
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while tropisms have no "motivation", are more reflex-like, and 

"never die". The fact that a spider will run after a light for 

50-60m, without interruption, but that it will stop to chase a female 

or food after only 23m, made Preoht (1952) assert, referring to the 

Lorenz-Tinbergen theory, that the taxis do not consume Specific 

Action Potential; "Das phototaktische Lauf en keine Instinctterregung 

verbraucht". However ICalmus (1936) for example reports that a stick 

insect which climbs a stick by negative geotaxis, once it has arrived 

at the end of the stick, will soon turn back. This behaviour looks 

very "adaptive" and in line with the early theories of Jennings (1906) 

Mast (1911) and later on with Koler (1950) and Lorenz (1950), whose 

theories assert that orientating reactions are "adaptive" and 

motivated as any other instinctive reaction. More recent literature 

tends to avoid the problem but some references (Birukow, 1966; 

Haskel, 1966) show that the controversy is not quite settled. 

When trying to explain some recently observed phototactic 

behaviour in the fly-larvae (Zanforlin, 1965), the importance of this 

problem appeared more evident. It is known from numerous researches 

(Fraenkel and Gunn 1961), that the larvae of blow flies "escape" from 

the light with the particular manner of orientating called tropotaxis 

by Fraenkel and Gum (1961), i.e. they succeed in following a straight 

path in the direction of a light's beams by successive comparison of 

the light intensity made by swinging the head from side to side. The 

larvae show this behaviour whenever they are exposed to a light 

throughout their pre-pupation life. So it seems that the tendency 

to 'scape" from the light is always present. But if the larva 

while it is escaping from the light, is induced to enter a blind alley, 



after some unsuccessful attempts to overtake the end wall of the 

alley, it will eventually turn back and crawl towards the light. 

The larva crawls towards the light until it reaches the opening 

of the alley and then with a wide turn it will again crawl away 

from the light describing a path as shown in fig. 1. 

The behaviour of the larva is rather surprising for its 

"adaptiveness" to the situation (quite unlike Loeb's caterpillars) 

superficially resembles the behaviour of a mammal in a "detour" 

problem. Excluding any "a priori" explanation in terms of insight 

or of "experience of the situation" (Kalmus, 1936), there remains 

the problem of what induces the larva to go towards the light, 1.9, 

leads to the inhibition of the photo negative reaction until the 

larva reaches the opening of the blind alley. 

In facing this problem it became evident not only that an 

extension of the experiments with the larvae to explain their 

behaviour in the blind alley was necessary, but also, because of the 

ambiguous situation in the theories mentioned before, that a re-

examination of the general problem of phototaxis would be opportune. 

In the last few years while little research has been reported 

concerning my problem of orientating reactions, the researches into 

the problem of inhibition or short term waning of "instinctive" 

reactions have been numerous. There is not yet general agreement 

on the explanation of the phenomenon of waning or inhibition, but 

it would be profitable to examine the problem of phototropic reaction 

in the light of this recent research. 

As a general methodological approach to the study of the 

particular behaviour of fly-larva, my attitude was ethologica]. 

3. 
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The path of a larva in a blind alley 

Fig. 1 
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(Lorenz, 1950; Tinbergen, 1951). That is, that the study of a 

particular kind of behaviour in an animal can be better understood 

if it is related to the general behaviour of the animal in its 

natural situation. Many of the early investigations into the 

orientation of insects did not pay much attention to the difference 

between natural environmental conditions and laboratory experimental 

conditions, (as has been recently pointed out by Chauvin (1964)) 

or to other aspects of the behaviour of the animal and their 

relationships to the orientating reaction. Consequently many 

results are biased by a very limited systematic variation of experi-

mental conditions, And comparisons of supposed "same" behaviour in 

different animals of quite different species were often made directly 

without considering that the apparently "same" light orientating 

reaction may have completely different functions in different animals, 

and may differ in quite important characteristics in their 

"mechanisms". 

To avoid this bias, my research had to be extended to cover an 

investigation of all the larva's prepupation behaviour, which turned 

out to be much more complex than it had been possible to suppose from 

the previous literature. 

The experiments to be described are divided into three parts. 

Part I deals with the behaviour of the larva in the blind alley and 

the testing of the first explanatory hypotheses. Part II deals with 

other aspects of the behaviour of the larva related to my problem and 

Part III deals with the waning of the light-turning reaction. But 

before the experiments are described a brief survey of the literature 

is presented a) on this problem and characteristics of light 
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orientation in insects, b) on the phenomenon of inhibition and 

short term waning of the reactions, and c) on the behaviour of the 

fly larvae. 

Orientating reactions, historical. 

We owe to Loeb (1890) the first attempt at a causal explanation 

in physical terms of how the light acts on animals and makes them 

orientate in space. The problem arose much earlier in Botany to 

explain how plants grow towards the light (Ray, 1693;  De Candolle, 

1832; Darwin, 1880; Sachs, 1882). Loeb transferred to animals 

the hypothesis of the botanist adopting at first the "rays. direction" 

theory of Sachs and later on the "intensity differencie&' hypothesis 

of De Candolle (Loeb, 18900  19060  1918). The orientation of an 

animal, Loeb said, is determined by the relationship of the intensity 

of light on the photosensitive elements on opposite aides of the 

body, He called "tropisms" these "forced movements" of the animal 

caused by light or other physical or chemical external agents. His 

theory was supported by Bohn (1909), Patten (1914, 1916), and Crozier 

(1925, 1934-5), who also determined a mathematical relationship 

between the differencies of light intensity and the direction of the 

animal. Loeb's theory aroused great interest in this particular 

aspect of animal behaviour, but it also gave rise to strong contro-

versies, Jennings (1904 0  1906) pointed out that in many animals, 

particularly unicellular, orientation is the result of a series of 

random movements of avoidance, and far from being "forced" and 

"unadaptive" was of the trial-and-error type and highly "adaptive". 

On this line other authors have pointed out how different animals 

have different types of orientation (Holmes, 1905, 1913; Mast, 1911, 
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1938; Buddenbrock, 1916). This led to the classification of the 

different methods of orientation by Kuhn (1919)0  Fraenkel (1935) and 

Fraenkel and Gunn (1940). They called "tropism" the orientation of 

a sessile animal, and "taxis" the orientated motor reaction (klino-

taxis, tropotaxis, etc.). Along this line developed the more recent 

theory of Jander (1963),  and Birukow (1960, 1966). The work of 

Mittelstaedt (1962) 0  and that of Birukow (1963) and Par'di (1957) on 

astronavigation, was mainly concerned with the "mechanism" of 

orientation rather than with the question of "adaptiveness" or the 

"motivation" of the reaction. Russell (1934) was one of the first 

to point out that different animals go towards the light for different 

"reasons" or "motivations", and he tried to understand the behaviour 

of the animals in relation to their habitat, i.e, that some animals 

in "escaping" go towards the light and others away;  others go towards 

the light when directed to food, "token stimuli". For Precht (1951) 

the reaction of the animals to light follows the needs of the moment 

and has a "preferenduin" character. The Lorenz-Tinbergen theory of 

Specific Action Potential emphasized the "motivational" (action 

potential) character of the orientating reaction (Lorenz and Tinbergen, 

1938; IColer, 1950), In their terminology taxis does not refer to 

an orientated running as in the Fraenkel et al. (1937) definition 

but only to the directional mechanism. The action of running must 

have its own Specific Action Potential. The point is clearly made 

by the distinction between "releasing stimuli" and orientating stimuli 

which in many cases are quite different. For example a young herring 

gull reacts with an "escaping reaction" to the alarm call (releasing 

stimulus) of the parent and may direct itself for cover to the hut 
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(directing stimuli) from where the cause of alarm ca:-ie, Tinbergen 

(1951)o But things are not so clear where the releasing and 

directing stimuli are the same ones as in many light reactions in 

insects. The controversy on this point does not seem quite settled, 

(Birukow, 1966; Haskell, 1966). 

Closer to Loeb's view is the theory of Viaud (1948, 1957), 

which distinguishes between "tropisms" and "paties". The true 

tropisms are attractions, positive reactions, non "adaptive" and 

obeying Weber's law of maximum excitement: i.e, the velocity of 

the animal towards the light is proportional to the intensity of the 

light. While the "patios" are negative reactions, adaptive and 

obeying the law of minimum (optimal) excitement, An important 

characteristic of tropisms and patios for Viaud is, as I have already 

said, their absence of "motivation". Thomas (1954) pointing out 

the essential adaptiveness of animals in their habitat considers 

experiments like those of Loeb or Viaud as laboratory artifacts. 

Apart from the interest and implicit value of the general theories, 

it seems methodologically more important, in setting up new experiments, 

to consider which factors may influence the orientating reaction. 

Environmental factors. 

- 	That temperature influences the sign (positive or negative) 

of the reaction to light was observed in various insects. Rupert 

and Williams (1937) reported that the fly Glossing is usually photo—

positive, but if the temperature is increased (above 300)  it becomes 

negative and goes towards the darkness. Similar observations 

were made by Dolley et al. (1951, 1947) in Eriatalis. This change 



also occurs if the temperature in the dark is so high as to be 

lethal. 

The inversion of the sign was observed in larvae of 

Malacosoma diseitria and pluviale by Sullivan and Wellington (1953). 

The larvae are positive at low temperatures but become negative 

and even escape from the light when the temperature is increased. 

Similar inversion of the reaction to light with the increase of 

temperature was reported by Perttunen (1958, 1959, 1963) in 

Blastophaas pinniperda, and Pissodee etrobi by Sullivan (1959), 

and in Isopods by Warburg (1964). 

- 	The luminous intensity is another factor that influences the 

reaction in many cases. In general nocturnal animals are photo—

negative at high intensity and their activity is completely inhibited 

during the day-.light, e.g. moths (Dufy, 1964). 	Inversion of the 

reaction with high light intensity has been reported in Lombricue 

terrestris (Hess, 1924), in Euglena (Mast, 1911, 1938; Viaud, 1950); 

in Daphnia (Viaud, 1938); in Drosophila (Medioni, 1964); in moths 

(Robinson, 1951); in Popilius disjunctus (Jump and Hunter, 1964). 

It seems also that the optimal intensity of light is regulated in 

some insects by the ocelli (Parry, 1947; Wellington, 1953;  in 

Diptera, Medioni, 1961, 1963; in locusta, Cassier, 1962). 

- 	Humidity is another factor that influences the sign of the 

reaction. Armadillidium usually negative, become photopositive if 

exposed to dry air, (Henke, 1930) and a similar inversion is reported 

by Perttunnen (1963) in larvae of Tenebrio molitor and Calandra 

granaria. 

The action of the chemical factors in the environment is 
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sometimes surprising. Waterhouse (1953) reported that the 

prepupae of Tenthredinid Hymenoptera which are photonegaive, become 

photopositive when exposed to the vapour of amyl acetate emanating 

from the marking paint; but vapours of acetone and chiorophorm, 

do not alter the reactions of the larvae. Acetic acid inverts the 

photoreaction of the protozoa Chiamydomonas jovine (Stahl, 1963). 

Calandra granaria become strongly photopositive if exposed to acetone, 

alcohol or ether (Birukow, 1966).  Daphnia, usually indifferent to 

light, become strongly photopositive if carbon dioxide is added to the 

water of the container (Loeb, 1906; Visud, 1938; Clark, 1932). 

When an animal presents various taxis (geotaxis, rheotaxis, galvano-

taxis etc.) a simultaneous orientation to the various factors may 

occur (Jander, 1962; Birukow, 1966),  and the reaction to the light 

be distorted. 

Internal factors are also known to influence the sign or 

strength of the reaction to the light. The caterpillar of Euproctis 

chrysorrhoea are strongly photopositive soon after they have hatched, 

but they become indifferent after feeding (Loeb, 1906). The 

intensity of phototaxis in Drgaophila depends on the rearing 

conditions (Dtrrwchter, 1957). 

In various lepidtopteran caterpillars the sign of the reaction 

varies from positive at hatching to negative before pupation, and it 

seems hormonally controlled (Buddenbrok, 1931;  de Ruiter, 1957, 

1962; Beetema et al., 1962). 

Evidence that the strength of the reaction in Drosophila is 

genetically controlled comes from various studies. Differences 

in the phototaxie of mutant stocks were observed by Barigozzi (1946) 
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and Medioni (1961), while Hirsch et al. (1961) and Hadler (1964) 

obtained significant changes in the reaction by selective breeding. 

That the sign and intensity of the phototactic reaction may be 

influenced by the circadian rhythm has been reported as early as 1909 

by Bohn. This phenomenon is more evident in astronavigatlon, as the 

direction of the animal depends on the time of day or on an "internal 

clock" (Birukow, 1963;  Pardi, 1957a). In some oases a particular 

direction is learnt or imprinted after hatching, as in Talitrus 

(Pardi, 1957), and Arotosa spiders (Papi et al., 1963), 

Reaction waning. 

When a reaction is repeatedly elicited by a particular stimulus 

at regular intervals, it disappears after a time even if no evident 

changes in motivation occur. The phenomenon has been from the early 

years of the century the concern of the psychologist interested in 

learning (see for example "La 101 de l'oublie", Pieron, 1909). To 

them we owe the various theories and terms used to describe the 

phenomenon. The fact that a dog will stop turning its head at the 

sound of a bell after a few repetitions, is explained by Pavlov (1927) 

as a process of "inhibition" or "internal inhibition" (Konoreki, 

1948, 1950), i.es  the reaction is "inhibited" by a competing response, 

(see also Thorpe, 1963).  Hull  (1943) speaks of a "reactive inhibition", 

implying that the phenomenon is due to a kind of unspecified "fatigue". 

Humphrey (1933) pointing out that the waning is relative only to that 

particular stimulus, speaks of "habituation". The term "extinction" 

is often used if the reaction waning is a conditioned reflex. While 

the students of learning were more interested in the long term effects 

of the reaction, the Lorenz—Tinbergen theory of Specific Action 
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Potential emphasized instead the short term effect, regardless of 

whether it would lead to a long term effect of not, 	The process 

of action waning was called "exhaustion" (of S.A.P.). Some 

psychologists pointing out that the short term waning of the reaction 

is often not closely correlated with the metabolic state of the 

animal, attributed the decrease of reactiveness even during a 

"consumatory act" to a process of "stimulus satiation" (Katz, 19370-

Grunt 

937;

Grunt and Young, 1952; Wilson et al., 1963;  Whalen, 1963), Others 

used the same term "stimulus satiation" in completely different 

situations, as in cases of one—trial learning (Deese, 1951), or 

"spontaneous alternation" in mazes and In exploratory behaviour 

(Glanzer, 1953; Deutsch, 1953; Thorpe, 1962), 

As the above theories of action waning seem inadequate to 

explain the phenomenon (Hinde, 1966; Precht, 1955), and to use their 

terminology may be misleading, several authors have adopted more 

general and uncompromising terms such as "short term changes" (Hinde, 

1954a, 1966), or "response decrement" (Walda, 1961), or simply 

"reaction waning", As these terms do not adequately characterize 

the phenomenon, I will briefly describe its characteristics as they 

have emerged from the current literature. 

When a reaction is elicited by the same stimulus at brief 

regular intervals or stimulated continuously, and in the meanwhile no 

obvious changes in motivation occur, the changes observable in the 

reaction vary greatly. These depend on the kind of reaction, on the 

particular kind of animal, and on the characteristic of the stimulus—

situation. At the moment there seems to be no possibility of a clear 

cut classification of different kinds of reactions on this basis. 
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Usually a decrease in reactiveness is observable after a very brief 

initial, increase (Hinde, 1966), but quite often the initial increase 

in reactiveness augments until it reaches a convulsive disruption of 

the behaviour of the animal. This a particularly evident in the 

case of strong stimuli that elicit defensive or escaping reactions, 

e.g, audiogenic seizure (C.N.R.S,, 1963; Kozak and Westerman, 1966). 

When a decrease in the reaction is obtainable, the rate of waning 

varies considerably with different responses, and wihh the same response 

in different animals. The retrieving rpoz 	 . 

the high frequency call of the young animals, can be elicited for more 

than a hundred times in succession (Zippelius et al., 1956; Noirot, 

1965). The photopositive response in Drosophila (Drrwchter, 1957), 

or the turning reaction towards food of Notonecta (Walda, 1961), 

present similar resistance to waning. On the other hand, head—turning 

in the human infant will disappear after a dozen stimulations, 

Prcchtl (1958), and head turning in a dog, in response to a buzz, will 

disappear after 34 repetitions (Iconorski 1948). 	Precht et a)., (1958) 

report that in the jumping spider, various reactions differ considerably 

in their perisitence with repeated stimulation, 

Another characteristic of the reaction subject to waning is 

the time of rest or non stimulation required to obtain a complete 

recovery of the reaction. Here again there is great variability 

that goes from complete recovery after a few minutes, as in the strike 

response in Mantids (Ruling et a].., 1959), or to an only partial 

recovery even after several days, as in the mobbing reaction of 

chaffinches (Hinde, 1954). 

In nearly all the cases reported in the literature the waning 
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of the reaction was not due to muscular fatigue. This was evident 

from the early experiments as the reaction that disappeared under 

repetition of the same stimulus, was soon after elicitable using a 

different stimulus, Limnea atanalis react with a retraction to a 

shadow. The reaction disappears after 15-17 repetitions of the 

stimulus, but it can be elicited again soon afterwards by a tap on 

the table that supports the animal (Pieron, 1909). Similar results 

are reported by Yerkes (1906) for Hydroides diantust  and by 

Sherrington (1906)9  for the scratch reflex in dogs. 	Similar 

evidence comes also from experiments with more complex motor patterns, 

e.g. various reactions in spiders (Precht and Freytag, 1958), turning 

towards food in Notonecta (Walda, 1961), the phototaxis reaction in 

Drosophila (Drrwchter, 1957); for a recent general review see 

Hinde (1966), 

The fact that one can elicit the reaction with a different 

stimulus soon after waning, shows that neither muscular fatigue nor 

"nervous fatigue" in the efferent pathways are involved in the waning 

of the reaction, It also shows that the waning is specific to the 

particular stimulus that has been repeated, but the degree of 

specificity may vary with different reactions or.  stimuli (Schleidth, 

1954; Precht et a].., 1958; Hinde, 1966). 

The hypothesis that adaptation receptors may be the cause of 

the waning, is ruled out in many cases where the repetition of the 

same stimulus induces a second reaction after the waning of the first. 

If the grasp response of the hand of a baby is stimulated until waning 

and stimulation is continued, a turning away or flight movement of the 

hand will occur (Prechtl, 1953a, 1958). If young chaffinches are 
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stimulated through shaking the nest, at first they will react by 

gaping, but after repeated stimulation the gaping vanishes and the 

crouching reaction appears (Prechtl, 1953).  Other evidence against 

receptor adaptation comes from Dethier (1952), Dethier et al. (1965), 

in the proboscis extension reaction of the blow-fly elicited by 

stimulating the tarsal receptors with sugar, where the reaction 

vanishes long before receptor adaptation occurs. Receptor adaptation 

is also excluded as causing the waning of the reaction to odours in 

new born babies (Engen and Lipsit, 1965). 

Lorenz's theory of Specific Action Potential has been strongly 

criticised, mainly on the basis that the decrement of some reactions 

is not specific to the reaction but to the stimulus. That is, if 

with different stimuli in succession, a reaction can be elicited a 

hundred times or for hours on end, the hypothesis of a limited 

reservoir of energy cannot be accepted. The other strong objection 

to Lorenz's theory has been that at the moment no nervous mechanisms 

are known that will constitute a "reservoir" or'torage" of energy. 

Prechtl (1956, 1958), pointing out the similarity of "innate" motor 

patterns to the reflex action, revived Sherrington's hypothesis of 

"synaptic fatigue". This hypothesis has difficulties in explaining 

the large differences in the number of repetitions necessary to 

"fatigue" different reactions in the same animal, as for example in 

experiments reported by Precht et al. (1958). Other possible 

physiological mechanisms that may account for the phenomenon, such 

as internal feed-back loops or general arousal or decrease of attention, 

i.e. "reticular formation", (Moruzzi and Magoun, 1949), have the same 

general difficulties in explaining all the facts as covered by the 
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psychological theories of "internal inhibition" or "stimulus-satiation". 

At present anyway no known physiological mechanism may account for all 

the observed characteristics of reaction waning. linde (1964, 1966) 

suggests that possibly more than one mechanism may be involved. 

From the above review of the literature on reaction waning 

and orientating reactions, two important conclusions can be drawn 

concerning the problem of the validity of the distinction between 

"tropisms" and "instinctive" reactions. 

The first concerns the time required to make a reaction vanish. 

We have seen that the photoposltive reaction to light of Drosophila 

(Drrwchter, 1957), where a hundred repetitions were required to 

attain its disappearance, is of the same order of endurance as the 

prey catching reaction in Mantids (Hilling et al,, 1959)9  or as food 

orientation in Notonecta (Walda, 1961), or the "young retrieving" 

reaction in mice (Zippeltus, 1956), all of which are usually 

considered "instinctive" (motivated) reactions. Therefore the time scale 

of reaction waning is of little use for distinguishing between 

"tropisms" and "instinctive reactions". 

The second conclusion concerns the "motivation" of"tropisms". 

The previous review of the factors influencing and often determining 

the tropic reactions, provided plenty of good evidence that tropic 

reactions are "motivated" in a comparable way to other "instinctive 

reactions". Tropisms depend on the hormonal and metabolic state of 

the animal, and may be elicited by noxious external conditions in 

the same way as any other motivated "instinctive reaction". It seems 

therefore that the study of the inhibition of the orientating reactions 

does not present problems fundamentally different from those of the 
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study of "instinctive reactions" and in both cases the same 

methodological appreach may be applied with advantage. 

The behaviour and sensitivity of fly larvae. 

As the behaviour of fly larvae that feed on meat, whether of 

Sarcophaga, Cal1ihora, Lucilia, etc., is very similar t  for the 
sake of brevity in reviewing the literature, I will consider the 

results obtained with one species as approximately valid for the 

others also, unless there is some contrary evidence. 

Pouchet (1872) was the first to describe the reactivity of 

the fly larvae to light, He observed that the larvae escape when 

exposed to light following the direction of the rays. He proved 

that they were sensitive to light and not to heat as they did not 

follow any particular direction when exposed to hot objects in 

diffuse light, He observed also that the sensitivity of the larvae 

to light was limited to the first few frontal segments of the body. 
But the light receptors of the larvae remained unknown until quite 
recently, when Bolwig (1946) proved that they were formed by a group 

of three photosensitive cells for each side of the body. These 

cells are situated in "pockets" formed by the Pharyngeal skeleton 

under the skin of the third segment. They are connected to the 

brain by small separated nerve fibres. 

The larvae react negatively (escape) to the light throughout 

all their life from the time of hatching to pupation. The only 

exception was reported by Hernia (1911) for L. Caesar, The latter are 

attracted by light during the first 48 hours after hatching, and only 

later on become strongly photonegative and remain so until pupation, 

Hernia (1911) reported also the minimum intensity of light to which the 
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larvae react: 0,00176 cd/rn2  for L. caesar and 0.56 cd/rn2  for 

C. vomitoria. The more recent study of Strange (1961) reports the 

absolute threshold of sensitivity for C. voniitoria and 

Co  erythrocephala, to be about 10 cd/rn2. The larvae do not seem 

to be sensitive to the wavelengths of the light. The range of 

sensitivity extends from 504mp to 602mp with a single peak at 50471 

(Strange, 1961). 	The results are in close accordance with the 

earlier reports of Mast (1917), Gross (1913) and Bolwig (1946). 

The reactivity of larvae to odours and humidity was investigated 

by Hems (1911) and Welsh (1937), and in more detail by Bolwig (1946) 

and Hafez (1950, 1953), whose reports are in agreement. During the 

feeding period the larvae are strongly attracted both by ammonia and 

other components of dung and decaying meat, and to high humidity 

(optimum lOOfl. In this period they are strongly repelled by acetic 

acid. But when the larvae have reached full size and leave the 

meat (migration), they become insensitive to these various odours 

and are mildly repelled by ammonia. The larvae also become strongly 

repelled by humidity and attracted to, dry places. There is no 

direct evidence, but it is probable that this change in reactiveness 

to humidity and chemical substances is caused by hormonal activity 

in the Welssman's ring glands that also regulate the process of 

pupation (Possompes, 1953; Fraser, 1961). 

Loeb's theory of tropisms implied that the larva should crawl 

much faster in a bright intensity of light than in a low intensity. 

But experiments by Herms (1911) have shown that the speed of the larvae 

varies very little with high or low light intensities. He found that 

fully grown larvae of L. caesar took 30.10 sees, to travel 10 cms. 
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in an intensity of 0.00176 cd/rn2, and 18.86 sees. to travel the same 

distance in an intensity of 5,000 cd/rn2. 	It seems that the larvae's 

speed is more affected by temperature than light. Miller (1928, 1929) 

measured the number of contractions of the larvae of L. caesar. 

He found that the number of contractions varied in proportion to the 

temperature, from 2 contractions per minute at 4.10c to 80 con- 

tractions per minute at 380  C. Hafez (1950) found that in Musca 

the activity of the larvae is directly proportional to the temperature 

between 100  and.  300  C. When the larvae were allowed to choose between 

substrata of different temperatures, they were unable to detect any 

difference between 150 and 3Q0  C. But they escaped temperatures 

above 30 C. and below 150  C. So the variation in activity with the 

increase of temperature does seem to be due to the influence of 

temperature on the general metabolism, rather than to any particular 

central nervous mechanism. 

Orientation to light. 

The way in which the larvae orientate while escaping from the 

light was a controversial subject in the early years of the century 

(Loeb, 1906, 1916; Holmes, 1905; Mast, 1911; Herms, 1907, 1911; 

Patten, 1914), but there is now a fairly general agreement to 

classify it as a klino-taxis (Fraenkel and Gunn, 1940; Boiwig, 1946; 

Hafez, 1950, 1953). The method of locomotion of the larvae is almost 

the same whether the larva is in complete darkness or broad daylight, 

with the difference that in the daylight it follows a straight path 

away from the light. In crawling the larva outstretches the anterior end 

and bends it downwards and sideways. Having caught hold of the surface 

with the mouth hooks, it lifts in a waving succession, the segments 

of the body and pulls them forward. At this moment the larva is 
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fully contracted. The next movement is again a forward and sideways 

thrust of its anterior end, but this time it will be bent on the 

other side, left if before it was right, and so on as before. In 

this way during a steady crawl the head is bent from side to side 

alternately. With the sideways movements of the head the larva 

can compare successively the amount of light falling on the lateral 

receptors and maintain a straight path in a directional source of 

light (horizontal). If the light is above, on the vertical surface 

of the larva's head, there is still an approximately straight path 

but no determined direction. If there are two sources of 

horizontal light, the path will follow an intermediate line between 

the two lights. This path can be calculated from the equation of 

Crozier (1925, 1928)9  

H 	(I1_I2) 
tan 	cot 	(I + 127 

where I, 12  are the intensity of lights (I1i.I2),  H the angle 

between the sensitive areas (or "head angle") and 0 the angle of 

orientation away from I. 



Part 1  

20. 

The Larvae in the blind alley 
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Materials: 	The larvae were obtained from a continuously 

maintained colony of Saroophaga barbata and were fed on meat. 

During feeding they were kept in darkness at a temperature of 

25°C. and 100% humidity. After the larvae had stopped feeding 

and. had "emigrated", they were kept in sawdust before being used 

for experiments. The age of the larvae Used for experiments 

was calculated from the day of migration and by the size of the 

crop (Possompes, 1953).  The mature larva's body has an 

average length of 18-20mm, and a maximum diameter at 4mm, 



Chapter 1. 

The behaviour of the larva under various experimental conditions 

Those experiments are in part a repetition of experiments 

already reported (Zauforlin, 1965), and were done in order to have 

a clear description of the performance of larva when faced with a 

blind alley. 

Experiment (las) The blind alley was made of black cardboard 

(see fig. 1.1) 2 ems, in width and 13 ems, long, The walls of the 

alley were 3 ems, high and were placed on a board 20 x 20 ems, also 

covered with black cardboard. At 3  ems, from the end wall a line 

was traced on the floor of the alley (th3 dotted line in the figure). 

This line marked the area of "random movement" of the larva at the 

end wall, where the larvae moved about attempting to circumvent 

the end wall before starting to crawl directly towards the light* 

The time spent at the end wall was not considered as complete until 

the larva had recrossed the dotted line. Excluding the area of 

"random movement", the effective length of the alley was 10 ems. 

A bulb of 40W9 240V. with a reflector of 10 ems, in diameter 

was put in front of the opening of the alley, at 40 ems, from the 

end wall. (The low and medium intensity lights did not have an 

anti-heat filter as larvae are not sensitive to the direction of 

radiant heat (Pouchot, 1872) and the differences in temperature at 

the end wall with the various bulbs are not large enough to bring 

about observable changes in the larva's general activity (Hernia, 

1911; Miller, 1928; Hales, 1950).) 	The light intensity at the 
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end wall was approximately 80 candles per square metre (cd/rn) as 

measured with the Ilford "exposure photometer" S E. I. • In all the 

subsequent experiments the light intensity reported was measured 

at the endwall. 

Apart from this bulb the room was in complete darkness and 

the temperature 241 10 0. 

Larvae which had emigrated the previous day, were kept in 

complete darkness for half an hour before the experiment. They 

were picked out of the container with forceps one at a time, and 

were placed facing the bulb at 10 ems, from the entrance to the 

alley. The larvae were expected to turn, and following the 

direction of the light beams, to enter the blind alloy.. After 

they had spent some time at the end wall they were expected to 

crawl back towards the light and to reach the opening of the alley. 

Larvae that did not orientate correctly were discarded. 

A record was kept (1) of the time spent at the end wall, 

from the moment the larva reached it, until the larva had completely 

recrossed the dotted line 3 emso  from the end wail and was moving 

back towards the light; and (2) of the number of larvae that 

reached the opening of the alley at the first attempt. 

Results 

All the 60 larvae tested orientated correctly and followed a 

straight path into the alley, once they had reached the end wail, 

they started to "explore" by moving from one side to the other 

continuously "probing" the end wall and sometimes in the course of 

their activities they cams to face the light. Some even tried to 

climb the end wall, but they fell sideways or straight backwards 

23. 
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facing the light. They then turned round again and resumed their 

"exiloration", There was no evidence that a larva went through 

a fixed sequence of activities, The average time spent at the end wall 

was 47 seconds, but there was a range from 100 to 15 seconds 

(&= 2,077); eventually all began moving back down the alley towards 

the light. 

The majority of larvae, 51 (85%), reached the opening of the 

blind alley, and once outside it, turned away again from the light. 

The remaining larvae (9 = 15%), having started to crawl towards the 

light, turned back before reaching the opening of the alley. 4ft  To 

see if. the performance of the alley remained constant in a sub- 

sequent trial, 30 larvae of the previous group of 60 were retested 

soon after the first trial, i.e, after they had reached the end of 

the alley and had again turned away from the light, They were 

again put in front of the light and the time spent at the end wall 

was again measured, No correlation (r = 0.06) was found between 

the length of time spent exploring during the first ."ial and that 

spent during the second trial. So the individual differences in 

performance are not constant. But the average time spent by the 

group on the second trial (49.3 seconds) did not differ significantly 

from that of the first (t teat p > 0.1). 

Experiment (lb.) To see whether keeping the larvae exposed to light 

instead of in darkness before testing, had any effect on the results 

of the experiment, experiment la* was repeated with 30 larvae which 

had been exposed to a light of the same intensity as the experimental 
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light for half an hour before testing. The percentage of larvae 

that emergod from the blind alley at the first attempt, was 83°/o 

approximately equal to that of experiment Ia. The average time 

spent at the end wall was 51 seconds which again was not significantly 

different from that of the previous experiment, (t test p> 0.1). 

I therefore oonolued that the pre—experimental condition of light 

to which the larvae had been exposed before testing, did not 

influence the performance of the larvae in the blind alloy. 

Experiment(lo.) 	To see if the direction of the light beams 

influenced the larva's performance in the blind alley two groups 

of larvae were tested with two lights of the same intensity (170od/m2) 

One light had a horizontal beam as in the previous experiments, and 

the other shone downwards at an angle of 300  as shown in fig. 1.2. 

The average time spent at the end wall by larvae in oblique 

beams was 21.7 seconds, whereas the larvae in the horizontal beams 

spent 51 seconds, and this difference is significant, (t test p< .001; 

N = 30). 

No significant difference was found in the number of larvae 

that emerged from the alley in the two situations. Nor was there 

any difference in the "strength" of the avoidance reaction measured 

as the crawling velocity of the larva away from the two lights. The 

fact that the larvae spent loss time at the end wall when they were 

under an oblique beam than when they were in a horizontal beam, seems 

to show that the tendency to avoid the light is more easily inhibited 

when the larvae do not have to go directly towards the light. 
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In order to establish both the relative influence of the 

intensity of light on the time the larvae spent at the end wall, 

and the influence of the length of the alley on the percentage of 

larvae that reached the way out, i.e, to measure the persistence of 

the inhibition of the light avoidance reaction the experimental 

conditions were altered as follows: 

Experiment Ct.d.) As in experiment la, but the intensity of the light 

at the end wall was lowered to 10 cd/rn2, 

ixperimeiit .e.) The length of the blind alley was increased to 

30 ems, but the light intensity was kept at 80 cd/rn2  at the end 
wall. 

Experiment (if.) The blind alley was 30 ems.  long and the light 
intensity 10 cd/rn2. All the other conditions were kept the same 

as in experiment la. except that the larvae were kept in a dim 

light before the experiment took place. 

The number of subjects (Be N.) tested and the results are 

reported in Table 1,1, A and B. From table I.I. A it can be seen 

that if the length of the alley is increased, the number of larvae 

that will reach the way out is significantly lowered; experiments 

Ia. and id. This suggests that the inhibition of the light 

avoidance reaction only lasts for a certain length of time. 

It can also be seen that if the intensity of the light is 

lowered, a significantly higher number of larvae will reach the way 
out on the first trial, experiments id. and le. (x2  = 6.342 p(.02).0l). 

The time spent at the end wall by the larvae in the four 

different experiments, table l.lB, does not seem to be related to the 
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intensity of the light. In experiments la. and Ia. with 

respeotiire light intensities of 80 and 10 ad/m2  the time difference 

is etgntfioant only in that the time sent at the end wall under 

the higher intensity is longer. But in experiments id. and is. 

where the light intensity was the same, the difference in 

exploration time between the two experiments is significant 

(t test p = .01), but in the opposite direction •e the larvae 

spent more time exploring under the lower light intensity. 

Finally comparing experiments la. and is. the larvae spent 

approximately the same time (t teat p 0.5) under the two 

different intensities. 	Is it is difficult to suppose that the 

length of the alley has any influence on the time that the larvae 

spend at the end wall, a further experiment 1g. was done with 

higher light intensities to obtain clearer results. 

Experiient (1g.) The blind alley was 10 amao long and the light 

intensities were 170; 274; and 3000 ad/M2.The latter intensity 

was obtained with a microscope light and screened with a heat 

filter. 	The age of the larvae and all the other coi.ditions were 

the same as in the previous experiments, 

4s before a record was made of the number of larvae that reached 

the way out and the time spent at the and wall and exploration 

times were analysed separately for larvae that reached the way out 

and for those that turned back before reaching it. Larvae that 

spent more than 10 minutes at the end wall were discarded. 

The results are reported in table 1.2 together with those of 

experiments las and lb. 
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Th. percentage of 1arvi that rechd th way o is not 

eim1ficit1y different in groups under the various light 

intensiti, see fig. 1.3, A. 

The difference in tire spent at the end wall by tho larvae 

of the various groups tends to incrotse with the intensity of 

tho light but it is significant only when comparing very large 

differences 3ueh as those between 27U and 3000 cd/rn2 	see fig, 

1.3, B continuous lino. 

In all the experimanto, the larvae that turned back before 

reaching the way out had previously spent more time at the end 

wail than those larvae that persisted in rxioviri.g towards the light 

until they emerged from the alley. However the differences in 

exploration time are significant only in those groups under the 

strongest intensities of light 270 and 3000 cd/n4 	See fig. 1.3, 

B continuous and broken lines, 

Experiment th..) To see whether the behaviour of larvae in the 

blind alley  ohanges from day to day, the same group of larvae was 

tested for three consecutive days under a light of 3u cd/rn2  

in an alley 10 ems, long. The larvae were submitted to the first 

test on the day of migration. All the remaining conditions were as 

in the previous experiments. 

The results are reported in fig, 1.4, A and B and show 

a significant decrease in the number of larvae that spent more 

than 10 minutes at the end wall from the first to the second day. 

This is matched by the increased number of larvae that reached 

the way out. The difference is significant from the first to the 
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second V  but not from the second to th. third. 

1 Mie number of larvae that 'turned bank before reaohing the 

way out is a-proximate1y the some for tii three days, fig. 1,4, Be 

In all three tests the time spent .vt the and wall by the larvae 

that turnei back ill si ifi itly greater i&tfl 	time spent by the 

1arve tt reached the w '.ut, fig, 1.41  A, 	2ut whereas the 

exploration time of the 1arae that raohed the way out is 

approimataly the same o all throe days, the exploration time 

of larvae that turned back changed significantly from day to day, 

but not coasi3.tently i.e. it went up and thn down on day 3 agati0  

ieo again as in experiment la, individual differences are 

not reliable from day to day, There is no correlation between the 

tine that each larva spent at the end wall on the first and. second 

day (r =0,lo), the same is true for the second an third day 

(r = 0.04), Moreover some larvae that had reached the way out 

on the first day either turned back on the second or third day or 

spent rnore than 10 minutes at the end wall. 

The results are not clear—cut,, but they do suggest that 

1ar 	show a decreasing tendnce to avoid the light or an increase 

in the facility with which this tendency can be inhibited over 

suooesive days frornthigration. Patten (1916)8  reported a similar 

deorae with increasing age in the ability to orientate to two 

lights by larvae of Cafliphora. This phenomenon might be cxplainod 

as soiwig suggested (1946), by a possible hardening of the larva's 

cuticle once it has left the high humidity of the environment where 

it fed. The consequent decrease in trazparency of the cuticle may 

account for a diiAution in sensitivity to the light and hence the 
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decrease in thellescapingltendenoy, But this hypothesis does not 

explain the variability observed here from day to day. 

In fact if a larva's cuticle hardens and becomes more opaque 

with increasing age it would be expected to spend more time at the 

end wall in successive trials* But my results do not show this to 

be the case. 

To summarise this first group of experiments it is possible to 

say: 

The results confirmed for the most part previous reports of a 

larva's ability to inhibit its negative phototaxis and to come out 

of a blind alley by crawling towards the light. 

The large majority of larvae succeeded in reaching the way out 

at the first trial. The actual percentage of larvae to do so 

depends to some extent on the length of the alley, (experiments 

Ia,, ld., le., if.; table 1.1.), 	This would suggest that the 

inhibition of the negative phototaxis only lasts for a certain time. 

Whether the larvae are kept exposed to light or in darkness 

before the experiments, does not significantly influence their performance 

in the blind alloy (experiment lb.). 

The amount of time the larvae spend at the end wall before going 

towards the light depends on the direction of the light's beams, 

experiment Ic., and, at least in part, on the intensity of the light. 

In general a longer time is spent with a higher intensity, but this 

behaviour shows little consistent variation over quite wide ranges 

of light intensities (for example 10 - 270 cd/rn2), experiments la., 

Id., 1g.; fig,  1.3. 



There is some evidence that larvae which spend more time at the 

end wall, also crawl for a shorter distance towards the light when 

they eventually turn back, experiments 1g., if.; figs. 1.3, B, 

1.4, A, This seems to indicate that these are both measures of the 

"strength" of the tendency to move away from the light and the 

consequent difficulty in inhibiting it. 

A larva's variability in successive performances as regards the 

amount of time spent at the and wall and the success in reaching the 

way out experiments la,, lb., suggest that the "strength" of the 

light avoidance tendency does not depend only on the light intensity, 

but to a large extent on variable internal factors such as the larva's 

general activity or perhaps its state of sensitivity to light. 

On the basis of these data concerning the larva's behaviour 

in the blind alley, and from previous revieof the current 

literature of similar phenomena mentioned in the introduction, it is 

possible to propose several hypotheses to explain the behaviour of the 

larvae. 

There are three main hpo theses. 

1) The first is that the light "avoidance" reaction or the "running 

away" from light becomes "exhausted" or "vanishes" during the time 

the larva spends at the end wall or in attempting to overtake it 

(see introduction), If this is the ease the larva will be 

unresponsive to the light for a time and will then be able to crawl 

towards it. After a variable time by a process of recovery (see 

introduction) the reaction will reappear. This would explain how 

it is that larvae turn away from the light either before or after 

31, 
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having. emerged from the alley, 	his hypothesis will be discussed 

jxi dal a44 tested in chapter 2. 

The seuond hypothesis supoees that a process of "adaptation to 

of the photoreceptors occurs during the time the larva 

spends at 'the end. wail (see iritrIuction). 	Thus when the larva 

crawls towards the light, when it is insensitive to it, 41 will 

meet an intensity of light higher than itht at the and wall, to 

which it has become "adapted", and will again become sensitive to 

it, and turn away from the light once more. This hypothesis 

will be discussed in chapter 3- 
The third hypothesis would explain the behaviour of the larva 

by supposing that the tactile stimuli that it receives when it 

meets the end wall interfere with and "inhibit" the negative 

reaction to light. The inhibition of the reaction to light by 

the interference of tactile stimuli will only last for a short 

time after the interfering stimuli have ceased (see tntrottuciion). 

In this case the larva once it has left the end wall for a time and 

has begun to crawl towards the light, will again turn back once the 

effect of the interfering stimuli has disappeared. This last 

bypothess will be discussed and tested in chapter 4. 



Chapter 2. 

The "waning" of the light avoidance reaction 

-1-he fact that a larva can turn beck and move towards a 

light and reach the way out of the blind alley, could be due to a 

"waning" of the escaping reaction supposing that the larva's light 

sensitivity remains constant throughout the time it is in the alley. 

This waning would take place during the time the larva spent at the 

end wall attempting to circumvent it. The fact that the larvae 

do not crawl for long towards the light, but turn away from it after 

a while, may be due to the short time required for the "recovery" of 

the reaction. This hypothesis does not seem very probable since 

such a rapid recovery usually occurs only during an interval of non-

stimulation (see introduction), while in this case there is no 

interruption, of light throughout the experiment. The hypothesis may 

be tested by an independent measurement of the persietance of the 

avoidance reaction in larvae under continuous stimulation. A 

measurement of the "strength" of the avoidance tendency can be obtained 

from the distance travelled by the larva exposed to light but with 

no obstacle in its path 	Precht (1952) used this method in measuring 

the strength of the light reaction in spiders. Drrwchter (1957) 

on the other hand, when working with Drosophila, used the method of 

successive exposure at brief intervals to the light, letting the 

animals run towards the light and then putting them back at the 

starting point again. But this second method involved a continuous 

handling of the animals and this uncontrolled variable may bias the 

results. Preoht's method therefore seems preferable. 
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To measure the distance travelled by the larvae when exposed 

to light, I put the larvae inside "activity wheels". These had a 

transparent "floor" so that the larvae could be kept under horizontal 

or directional light beams. The distance travelled and the speed of 

the larvae could be automatically recorded by an electronic device. 

In addition this apparatus made it possible to observe a larva's 

general activity, as suggested by the previous experiments, under 

constant conditions throughout its prepupatton life. 

The Apparatuso 

Each of the six wheels were made with two anular discs of 

balsa wood 18oms, in diameter aid fixed 2ema, apart #  The outer 

circumferences of the two discs were claed with a striv of trans—

parent plastic material (see photo 2.1)0  so that the inside of the 

wheel formed a continuous alley 2 ems, in width, with a transparent 

floor and walls of balsa wood, The wheel was light enough to be 

turned easily by the weight of a larva crawling inside. It was kept 

in position by an axle pivoted on two vertical supports. A cardboard 

cross was attached to the wheel's axle and moved with it. When the 

wheel turned, the arms of the cross interrupted a beam of light focused 

on a photo—transistor, so that each quarter turn of the wheel was 

registered on an electro—mechanical counter connected to the transistor 

through a. sa11 amplifying circuit. A Robot—camera (see photo 2.2) 

connected to a thging device, photographed the counter at regular 

intervals. In this way continuous record was obtained of the 

distance travelled by the larva inside the wheel at each interval of 

time. When the larva was inside the wheel it was exposed, through 

tLe transparent floor, to the horizontal light beams of a bulb 15% 



Phot. 2.1 

Phot. 2.2 



240V. The bulb produced light intensity of approximately 

30 cd/rn2  inside the wheel. 

All the apparatus was completely screened from external light. 

Particular care was taken to control the temperature inside the 

wheels. Por this purpose the 15W bulbs and lights for the counter 

circuits were switched on half an hour before the start of each 

experiment. The temperature of the room was adjusted so as to kiave 

a constant temperature of 24° 100. inside the wheels. 

Experiment (2a.) The larvae were put inside the wheels, one to each 

wheel, on the day after migratiou and left there until pupation. 

Experiment (2b.) A second group of larvae was tested without the 

directional light. Inside the wheels there was only the diffuse 

dim light (0.5 cd/rn2) from the bulbs operating the counter circuits. 

The temperature was kept at the same level as in the previous 

experiment. The larvae were placed in the wheels the day after 

migration as before. 

In both situations regular checks were made to see in which 

direction the larvae were crawling. 

In a series of pre-experimental trials photographs were taken 

at 100  15 and 30 minute intervals. It was finally decided that an 

hour was the best unit to adopt in making e records of the distance 

travelled by the larvae. 

Results. A total of 17 records were obtained of the performance 

Of the larvae in experiment 2a* with directional light. Some 

records had to be el4mtnted because of electrical faults which 
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developed during the experiments. 18 records were obtained of 

larvae in experiment 2, with dim ãifluas 1its, examples of 

individual records, three for each epsriment, are Deported in 

fig. 2.1 and fig. 2.2. 

There is a great variability in, the performance of different 

larvae* Those in etperimnt 2a. Iternated. long bursts of crawling 

with periods of inactivity (see fig. 2.1). The average time that 

larvae travelled without stopping after they had entered the wheels 

was 14 hours (ace table 2,1). No regularity was observed either in 

the length of crawling buz'it or in the periods of inactivity, No 

relation was found between the periods of crawling and resting zald 

any possible oircadiakl rhythm. The periods were diatributed at 

random throughout the day. 

The larvae in experiment 2b# with dim diffuse light showed the 

same variability as those of roup 2a. but the majority showed very 

little activity after the first stop (see fig. 202). 

The average maximum die twice travelled by the two,  groups is 

significantly different (U test p<.001), see table 2.1. The larvae 

exposed to directional light orawled for iituch longer than the larvae 

in difftee light. 

!U the larvae of group 2a., 5001:t after they had been put inside 

the wheels, began to crawl at high speed away from the ?Lht. Changes 

in direction (i.e, cra1thg towards the light for a few centimetres) 

were observed after the first stop during the period of low activity. 

The larvae of group 2b., in dint light did not follow any particular 

direction after they had been put inside the wheels. They did not at 

rnoe start to crawl at high speed (see fig. 2.2) and were observed 
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Experimental Total time Time first Total 
conditions Ss spent in stop after distance 

the wheels the start travelled 

N Xli. Xh. Xin. 

Directional 
light 17 57.8 14.0 380.23 

Diffuse 
dim light 18 53.5 11.8 141.10 

Performance of the larvae inside the activity wheels". 

Tab. 2.1 
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to change direction baforr. and after the first burst of crawling, 

The average time of the first atop (after the first burst of crawling) 

is approximately the same in both groups (see table 2.1). The time 

of pupation (or time spent in the wheels as the larvae were left there 

until pupation) is not sigiifiant1y different in the two groups 

(table. 2,1), 

If the time of th.3 first stop after the larvae have been exposed 

to directional light (experiment 2a,), is to be considered as the 

time when the "avoidance" tendanoy vanishes, then the experiment does 

not support our first hypothesis, namely that the larva crawls towards 

the light beoauee the "avoidanee" reotion has waned during the time 

It spent at the end wall, Phe differoe in time betvvaen the waning 

of the reaction inside the blind alley and that inside the wheels is 

too large, Inside e wheels the larva 2 do not make their first 

atop until after an average of 14 hours (and in no case before 4 hours), 

while in the blind alley they stop "escaping" (by crawling towards 

the light) after only seconds or minutes and ievar more thai half an 

hour. 



Chapter 3, 

ecei,cr atio 

The larvae's behaviour in the blind alley could also be 

explained by a process of receptor adaptation to the intensity of the 

light. If we suppose that during the time the larvae spend 

'exploring' at the end wall the photoreceptors become adapted, then 

walking towards the light may be explained as a random non—directed 

crawling since the larvae are now insensitive to the light. Tjraing 

away from the light again, once they are out of the alley, or 

turning back before reaching the opening, could also be explains by 

the same hypothesis. As a larva crawls towards the light, it moves 

up a gradient of light intensity and eventually enters a zone in 

which the light intensity is high enough to overcome the adaptation 

of its photoreceptors. 

Experiiaeit(3a.) A group of larvae, the second day after migration, 

was tested Lu u. blind alley luoms. long and with a light intensity 

at the ?nd. 	1 of 170 4Jm2. Soon after the larvae had started to 

crawl towards the light, the buLb was moved backards step by step with 

the larvae. In this way the light iaenaity falling on the larvae 

was kept constant arid row'y the same as rhen it was at the end wall. 

If the 

	

	tation bypothosis werc correoi the larvae should have 

crawled straight onward& beyond the opening of the corridor. 

Records weromade: 

of the umber of larvae that reached the opening of the alley 

and of the number that turned back before reaching it. 

of the direction followed by the larvae after they went out of the 
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oorrdor, ?or this purpo•e the platform in front of the allej was 

divided into various nectore, S straight, 0 oblique, A an angle 

greater tbu 9Q0 e illustrated in fig. 3,10  

The results are reported in Tab, 3.1. Contrary to expectation 

on the adaptation hypothesis not one of the larvae that reached the 

Way out continued to crawl towards the light, 26.6% turned back 

before reaching the open end, 

Before concluding that the larvae, once out of the alley, tnrned 

away fro.0 the.light because they were still sensitive to it, a 

second possibility must be checked. The fact that the larva 

turned round once it had reached the way out, may be dua to a 

"thinotaotic" tendency, i.e. cortain animals tend to keep themselves 

in contact with solid objecto moving, (Frazke1 and Gunn, 1941), 

When they reach the end of the object they turn sideways towards 

the side of the body that was last in contact* The larva usually 

crawls along the alloy's walls to reach the way out and a thiuotaotic 

tendency may well be the cause of turning away after the limits of 

the alley's aid walls. This h:r thesis has some difficulty in 

explaining how it is that some larvae turn back before reaching the 

way out nonetheless it was safer to test it. 

Experiment (3b.) The above hypothesis predicts that once the larvae 

have reached the end of the alley walls they will turn away. regardless 

of whether there is or is not a 1i -ht in front of the alley. 

I repeated the previous experiment but instead of moving 

backwards the bulb I put it above the larvae soon after they had 

started to crawl towards the way out. With the light from above 
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Experiments 

3a 3b 
Direction of 
larvae after Ss 	N Ss 	N 
the way out 

S 0 28 

0 2 2 

A 20 0 

Larvae that 
turned back 
before the 8 0 
way out 

Total Ss N 30 30 

See explanation in the text. 

Tab. 3.1 



the In.rvaG cumot orientate to it wic1 if no othor stimuli are 

present they walk in any direction following a atrai't path. 

According to the hypothosts the larvae shm.Ld have turw1 away after 

the oontng a in the provioun experimnt. 

A record cas kept of the direction of the larvae's path as 

in the previous experiment. 

Results, As can be seen from tab. 3,1, of the 30 larvae tested only 

2 went obliquely after the opening of the alley1  all the rest went 

straight on. Contrary to the "thio taxis" hypothesis none turned 

away after the end of the alley walls. 

On the basis of these experiments, the explanation of the larr.te'e 

behaviour ii the blind alley CA the basis of photoreceptor adaptation 

can be excluded. 
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Chapter 4. 

Tactile stimuli interference 

A further hypothesis which could explain the behaviour 

of the larvae inside the blind alley is as follows. When the 

larva reaches the end wail of the alley it receives a series of 

tactile stimuli. We could suppose that summation of these 

stimuli in some way interferes with and inhibits the reaction to 

the light. But before this hypothesis can be tested a more 

detailed formulation is required. 

When a larva while escaping from the light, meets an 

obstacle in its path, it has no difficulty in crawling alongside 

the obstacle at 900  to the direction of the light, and no time is 

spent in attempts to climb the obstacle. So in the blind alley, when 

the larva reaches the end wall it deviates sideways until it meets 

the lateral walls of the alloy. Here it is faced with the choice 

of either crawling towards the light, or of turning back to the 

other side wall where it will again be faced with the same choice. 

It is at those choice points that the larva receives the maximum 

tactile stimuli from the alley's walls. 

The hypothesis would state that after a certain number of 

these "backward and forward" movements, the effect of the tactile 

stimuli will, by a process of summation, be high enough to inhibit 

the negative reaction to the light. The larva will then be able 

at a choice point to crawl towards the light instead of turning back 

towards the other side wall. Once the light reaction is inhibited 

the larva will not usually turn back towards the other side wall, 
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as this would involve an oven greater deviation from its path 

(1800 turn) than going towards the light (900 turn). 

The fact that the larvae may turn away after they got out 

of the alloy, or turn back before reaching the end can be explained 

by supposing that the inhibition of the light reaction only lasts 

for a certain time. 

The hypothesis will predict that by increasing the distance 

between the side walls of the alley, the larva will require more 

time to inhibit its reaction to the light, because the tactile 

stimuli will be more spaced in time and therefore less effective 

in their "summation". The width of the alley can eventually 

be increased to such an extent that the larva will spend so long 

crawling from one side wall to the other that no "summation" of 

tactile stimuli will occur, and the larva itself will not be able 

to get out of the blind alloy. 

Experimertt(4a.) To test this hypothesis I compared the performance 

of larvae in blind alloys of the same lengths lOoms, and of various 

widths; 2; 4; 6; and lOoms. In order to have a uniform light 

intensity all along the width of the alley, a fluorescent strip 

20 ems, long was used as directional light. The light intensity at 

the end wall was 270 ad/M2 

- The larvae were tested the day after migration. 

All other conditions were kept approximately the same as in 

the previous experiments. 

- The time spent by each larva at the end wall was recorded. 

The results reported in tab. 4.1 show that the larvae spent 

more time at the end wall of the wider alleys. But only the 

42. 



Width of 
the alleys Ss 

Time spent at 
the end wall 

cm. N Xsec. 

2 30 71.8 

4 30 83.3 

6 30 96.2 

10 25 118.2 

Time spent by the larvae at the end wall 

in alleys of various width. 

Tab. 4.1 



difference between the 2cmso and the 6cms, wide alleys is 

significant (t test p 4 .001). The other differences are not 

significant. These results do not seem to support the bypothesis 

of tactile stimuli summation very strongly, mainly for the 

following reasons. 

Even if there is a trend for the larvae to spend more time 

in broad alleys than in the narrower ones, the differences are not 

as large as expected. In the larger alleys the larvae had to 

crawl longer distances and so spend more time in going from one 

side wall to the other during which time they do not receive 

effective tactile stimuli. So in order to have a more correct 

comparison between the amount of tactile stimuli received by the 
larvae in the various alleys, it would be necessary to subtract 

from the total time spent at the end wall the time required to 

crawl from one side to the other, If we assume that the crawling 

velocity of the larvae is equal in all the alleys, one can obtain 

an approximate measurement of the amount of tactile stimuli 

received in the various alleys in the following way: total time 

spent inside the alley divided by the width of that alley. The 

result, I will call this "proportional time", may be directly 

compared to that of the other alleys. 

The surprising results reported in fig. 4.1 show that the 

larvae require much more tactile stimulation to inhibit the reaction 

in the 2cm. alley than in the 6cm. alley. This would imply that 

the more spaced the tactile stimuli, the greater their effect in 

inhibiting the reaction to light. This is contrary not only to 

our hypothesis but also unlike any known example of "stimulus 
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ewation" Sherrington (1906). 

The curve in fig. 4,1 is very like that which we obtain 

if the larvae have spent a fixed amount of time in the alley 

before the inhibition of the reaution to light, regardless of 

the width of the. alley. For example, Fig. 4.2 shows the 

hypothetical curve obtained by dividing a fixed amount of time 

(in this case 7  seconds) by the width of each alley, If the 

larvae spend a fixed amount of time at the end w311 regardless 

of the width of the alleys, then it seems unlikely that the 

inhibition of the reaction to light is due to tactile stimuli 

as postulated, 

On the other hand the results do not support the suggestion 

of a fixed amount of time very strongly either. The significant 

difference between the total time spent in the 2cm, and the 6cm# 

wide alley shows that the larvae do not spend the same total 

amount of time in all the alleys. 

Considerations such as these show how unclear the results 

obtained really are, and bow doubtful the support that can be 

derived for the hypothesis of tactile stimuli interference. The 

results may be unclear dust because tactile stimulation is not the 

only variable that plays a part in the process of the inhibition 

of the larva's reaction to light. If this is the case an attempt to 

isolate the variables involved seems worthwhile, One might then 

hope to identify them and aleo tell whether tactile stimuli do in 

fact play any part at all in the larva's behaviour. 

For this purpose I repeated the previous experiments using a 

vertical light. Without a directional light the time spent by 
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the larvae at the end wall before starting for the way out should 

not be very different from the time required to crawl the same 

distance in a straight path, i.e* the time should be directly 

proportional to the width of the alley if tactile stimuli do not 

interfere, 

Experiment (4b.) The experimental situation was the same as in 

4a. except for the position of the light which was kept on the 

vertical of the blind alley with an intensity on the floor of the 

alley of 270 cd/rn2, one more alley 18czne. in width was added to 

the series, 

The larvae Qf the same age as in 4a* were placed at the 

entrance to the alley facing the end wall. The time spent at 

the end wall by each larva was divided by the width of the alley. 

A. group of 25 larvae were tested for each alley. The results 

are reported in fig. 4.3. If we compare the results with those 

of the previous experiment fig. 4.1, it is possible to see that, 

as expected, the larvae spent considerably less time at the end 

wall with the vertical light than with the horizontal one. So 

one may assume that the "avoidance reaction" had been eliminated 

In the present experiment. ?ig. 4.3 also shows that the average 

"proportional" time (i.eo total time spent at the end wail divided 

by the width of the alley) spent by the larvae in the various alleys 

decreased from 2cm. to 6cmo wide alleys and then became constant for 

6cms locni, and 18cmo  wide alleys. The proportional time spent 

by the larvae in the last three alleys is not significantly different 

from the time required to cover the same distance in an open straight 
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path. The difference in proportional time spent in the 2cm. and 

6m wide alleys is significant (t 'teat p .001). (The differences 

between 24; 4"6 and. .-10...18 are not aiiificmt.) Tactile atiouli 

do therefore affect the behaviour of the larva inside the blind alley 

with a vertical light. 

It is not yet clear why the larva spends a proportional time 

greater in 2cm. alley than in 60  10 or 18cm. alley. A possible 

hypothesis would be that the tactile stimuli "mute" in releasing 

the exp1ortory behaviour of the larva. Hone* when the corners 

which provide the strongest tactile stimulation are too far apart no 

summation is possible and very little time is spent in exploration. 

(This hypothesis will be expanded further in Part II.) 

A further suggestion about other variables (apart from tactile 

stimuli) involved in. the inhibition of the reaction to light, comes from 

the following observation made during this experiment. 

When larva, were put under the vertical light facing the and 

wall of the alley, before starting to crawl they turned round 

sharply, (approximately a 1800  turn) and made for the way out. 

When I put them down facing the way out they turned round and entered 

the alley. This turning round in the absence of a directional light 

or other directional stimuli seemed very strange and more experiments 

were done to clarify it (see Part III). 

Cgnclusions. 

This first series of experiments confirmed the adaptive 

behaviour of the larva faced with a blind alley problem. All the 

larvae tested showed a strong negative reaction to light whenever 

exposed to it. When they entered a blind alley, after some time  
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spent at the and wall, they started to crawl towards the light and 

many reached the way out. The time spent at the end tall showed 

individual differences and vartd to a certain extent with the 

intensity of light. Very seldom did a larva spend more than 10 

minutes at the end wall and more often the time spent varied from 

30 seconds to 2 minutes with medium light intensities. 	The 

probability of a larva's reaching the way out the first time it 

started walking towards the light, depended mainly on the 1ngtb of 

the alley. In a lOom, long alley the majority of larvae re.ohed 

the way out on the first attempt. Once outside the larvae no 

longer crawled towards the light but again turned away from it. 

The hypothesis that the behaviour of the larva could be explained 

by a "waning" of the "avoidance tendency" was not supported by the 

experiments of chapter 2. It was shown there that a larva 

continuously exposed to the light may walk for many hours (14 hours 

on average) before stopping. This is too long a time to account 

for the larva's behaviour inside the blind alley where a larva 

starts to crawl towards the light only a few minutes after reaching 

the and wall. 

- The bypo thesis that the behaviour of the larva could be explained 

by a process of photoreceptor adaptation was also excluded by the 

experiments of chapter 3. Here the larvae turned away from the 

light after reaching the exit from the alley in spite of light 

intensity being kept constant while the larva was crawling towards it. 

The experiments of chapter 4 to test the hypothesis that the light 

avoidance reaction may be temporarily inhibited by tactile stimuli 

did not show clear results to support or exclude the hypothesis. 



They rather suggested that both tactile stimuli and a certain sort 

of light adaptation, different from receptor adaptation, were 

involved in the behaviour. 

- The observation made during this last experiment, namely that 

the larva turned round sharply whenever it was exposed to non 

directional diffuse light from above, seemed a good one to follow 

up in order to clarify further the larva's behaviour, (see Part III). 



Part II. 

The effect of tactile stimuli on the prepupation 

behaviour of larvae. 

490 
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Chapter 5. 

Tactile stimuli and exploratory behaviour 

The results of the last experiments reported in Chapter 4 

have shown that under a vertical light larvae spend more 

"proportional" time at the end wail in an alley 2cms. wide than 

in one 6cms. wide. To explain these results I put forward the 

hypothesis that the exploratory behaviour of the larvae at the 

end wail is induced by a process of tactile stimuli "summation". 

As the larvae receive the maximum of tactile stimulation at the 

corners of the end wall, the width of the alley (i.eo the distance 

between the corners or the time taken by the larva to crawl from 

one corner to the other) is a crucial factor in the process. 

That is "summation" only occurs when the tactile stimuli (the 

corners) are close enough in space (and hence in time) as in the 2om. 

wide alley, "Summation" does not occur when the tactile stimuli 

are too widely spaced as in the alleys 6, 109  and l8cms. wide. 

This hypothesis would predict that in all oases the higher the 

number of tactile stimuli per unit of time or area, the longer the 

time the larvae will spend in exploration. 

To test this hypothesis I put the larvae in the following 

situation. 

Experiment 5(a). A blind alley of the same dimensions as in the 

previous experiment 2oma. wide and lOoms. long was used. Little 

wires projecting 2mm* from the surface were stuck into the end wall 

3mm. apart as illustrated in fig. 5a. 



[1 

The end walls of blind alleys a) protruding wires 

b) fissures. 

Fig. 
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Experiment 5(b). A blind alley of the same dimensions as in 

experiment 5(a) was used but in the end wall there was a series 

of vertical clefts 2mm, wide and 2mm. apart, as shown in fig. 5b. 

Experiment 5(0). The experiment reported in Chapter 4 namely 

with a blind alley of the same dimensions as in experiments 5(a) 

and 5(b), but with a plain flat end wall, was repeated as a check. 

According to the hypothesis the larvae were expected to 

spend more time at the and wall in experiments 5(a) and 5(b) than 

in experiment 5(o), as the first two situations offered much more 

tactile stimulation than the third. 

In all three experiments the blind alley was illuminated 

from above with a diffuse light of 8ed/rn2  in intensity. 

In each experiment a group of 30 larvae all of the same age 

were tested the day after migration. Each larva had a single 

trial and the time spent at the end wall was recorded. 

The results clearly confirmed the hypothesis that exploration 

time is proportional to the density of tactile stimuli. In 

experiment 5(a) with protruding wires at the end wall the larvae 

spent an average of 109 seconds - a time much higher than the 26 

seconds spent in the control experiment 5(c). 	(The difference is 

significant: t test p ( .001.) In experiment 5(b) with clefts 

at the end wall the larvae spent an even greater time than in experi—

ment 5(a) - 556 seconds (the difference between experiment 5(a) 

and 5(b) is significant: t test p< .001). The meaning of this 

second difference will be discussed later on in Chapter 8. For 

the moment I will consider the fact that the results confirmed the 

hypothesis: tactile stimuli do "summate" in inducing exploratory 

behaviour in larvae. 	
': 
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These results demonstrate the importance that tactile 

stimuli have on the prepupation behaviour of larvae, Normally 

when an animal shows a "strong" exploratory activity in particular 

situations, the exploration is related to some other "important" 

behaviour in the life of the animal. In the ease of larvae, the 

"function" of this exploratory activity induced by tactile stimuli, 

namely "for what" does the animal explore, is not yet known. 

Besides this problem, it is important, if we are to gain a better 

understanding of larvae's behaviour, to know whether there are any 

responses other than exploration elicited by tactile stimuli. 

Finally and most important as regards our main problem, we want 

to know if and how tactile stimuli interfere with the larva's 

reaction to light. 

As I have found no reference to these aspects of the larva's 

behaviour in the current literature, I carried out a detailed 

investigation the results of which are reported in the following 

chapters. The various reactions elicited by tactile stimuli are 

reported in Chapter 6, exploration and its functions, and how 

tactile stimuli interfere with the reaction to light are reported 

in Chapter 7 and 8. 
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Chapter 6. 

Defence reactions to tactile stimuli 

The opportunity just pointed out of looking to see if 

there are reactions other than exploration, elicited by tactile 

stimuli in the larva, led me into an exploratory research without 

any particular hypothesis in mind, The basis of the experiments 

were "suggestions" derived from the daily observation in handling 

the animals and sometimes derived from other animal's behaviour, 

It cannot be excluded therefore that some reaction may have been 

overlookeci. I am however convinced after months of daily 

observation that the reactions described below are, if not the 

entire range, at least the most important ones in the animal's 

life, 

1). 	A sudden immobility is induced if a crawling larva is 

touched gently on the back. During this period of cataleptic 

immobility the larva's body is fully relaxed and it can be rolled 

upside down without any sign of reactiveness, see photo. 6a. 

To have a more accurate description of the reaction, 20 larvae 

while crawling under a diffuse light (of 30 cd/rn2  in intensity), 

were touched on the back with a "stimulus" of controlled weight. 

The instrument by which the stimulation of controlled weight was 

obtained is illustrated in fig. 6.1. It consists in a pair of 

forceps with two holes at the extremities. A piece of wire in 

the shape of a "P" was inserted through the holes and could move 

about freely. Then the wire was placed on the back of the larva 

it could be kept in place vertically for 1.2 seconds. In this 

way the trembling of the hand did not influence its pressure on 

the larva's skin as the wire could move freely in the two holes of 



A 	Relaxed immobility 

B 	Contracted immobility 

Phof. 6 



Forceps used to control the intensity of tactile stimuli. 

Fig. 6.1 
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the forceps. 	The intensity of the stimulation could then be 

controlled with reasonable accuracy. 	The larvae were stimulated 

on the 5th or 6th body segment. 	All the larvae showed "immobility" 

when stimulated with a wire of 0.225gms.  and 0.1mm. in diameter. 

But when stimulated with a wire of 0.025gms.  and 0.1mm. in diameter 

only 50b of the larvae reacted and the others continued to crawl 

undisturbed. So I considered this latter weight as the stimulus 

threshold for the "immobility" reaction. 

Whether the larvae were stimulated with the 0.225gniso or the 

0.025gms. wire, the "immobility" lasted for an average time of 

10 seconds. 	After that the larvae started to move and continued 

to crawl. 

When the larva was stimulated again soon after it had started 

to crawl, the duration time of the second "immobility" reaction was 

shorter than the first. Repeating the stimulation every time 

the larva started to crawl, showed that the "immobility" reaction 

vanished after an average number of 9 stimulations. After that 

when the larva was stimulated it no longer reacted but continued 

to crawl, (20 subjects tested) see fig. 6.2a. 	The same thing 

happened in the case of heavier stimulations with metal wires of 

10 and 159ms. and 1mm. in diameter. It was also noticed that the 

"immobility" reaction can be induced in a crawling larva by a 

sudden increase in light intensity, such as the light being switched 

on in a dark room. 

2). 	When the tactile stimulus is increased (with a metal wire 

of 20gnis. and 1mm. in diameter) and the larva is stimulated as 

before between the 5th and 6th body segment, the reaction is a 
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"contracted immobility", see hot. 6.b. 	The body of the larva 

contracts, the head is retracted and coverad by the 2nd and 3rd 

segments. Usually when the larva contracts it does so with a 

sudden jerk and some smelly liquid is expelled from the mouth. 

The larva remains in this "posture" fully contracted and perfectly 

immobile for an average time of 15 seconds (20 subjects tested). 

During this period of immobility the larva does not react to 

any kind, of stimuli such as light, water, or rough handling. 

As with the previous relaxed immobility this second reaction of 

contracted immobility decreases in duration with subsequent 

stimulation (i.e. if the tactile stimulus is repeated as soon as 

the larva has started to move after immobility,) see fig. 6.2b0 

The contracted reaction is generally observed when larvae 

are picked up with forceps. 	It may also be induced by lighter 

tactile stimuli (a wire of 0.2259ms. and 0.1 in diameter) if the 

first and second body segment are stimulated instead of the 5th 

or 6th. 

These two reactions the relaxed immobility and the 

contracted immobility might be described as "defence reactions". 

But it is to be noticed that as body "postures" these reactions 

can be observed in other situations also. For example the relaxed 

immobility is very similar to the immobile body "posture" when 

the larva stops after having crawled for a long time, or when its 

back comes into contact with a solid. surface (as will be described 

later on). 	The difference between the two kinds of immobility 

reactions is that in the circumstances just mentioned the larva's 

immobility may last for hours and not just for a few seconds. 



56. 

Moreover in the case of "relaxed immobility" the larva does not 

react to any kind of stimulation, whereas in the above circumstances 

of immobility, the larva will still react to mild stimuli such as 

touch or light. 

The body "posture" of the "contracted immobility" reaction 

is also the typical body posture that the larva assumes before 

becoming a pupa and has the form of the puparium (as it is formed 

by the hardened cuticle). 

If the tactile stimulation that induces the contracted 

immobility reaction is repeated continuously, even after the 

reaction has vanished, the larva will respond with a series of 

"contortions". The larva bends its body from one aide to the 

other in rapid succession with longitudinal contractions and. 

expansions. Unlike the two previous reactional  the contortions 

do not tend to diminish in intensity when stimulation is increased. 

Out of 10 larvae none showed any sign of decreasing "contortion" 

reactions after 10 minutes of continuous stimulation. 

A fourth kind of reaction may be mentioned that is not 

induced by tactile stimuli strictly speaking, but rather by 

"painful" stimuli, and this would seem the extre-me reaction on a 

scale of intensity. I called it "convulsions" because of its 

similarity to reactions observed in other animals (C.LLS., 1963). 

This reaction may be induced by perforating the cuticle with a 

needle or by touching the larva with a hot object, or again by 

putting a larva on a hot (70°C.) surface. At first the larva 



reacts with a brief series of "contortions" and then the body 

is bent up into a semicircle and the larva spins round very 

rapidly on its longitudinal (bout) axis. A few repetitions of 

this situation, such as putting the larva on a hot plate cause 

the death of the animal. 

5). 	To complete the picture of the observed larva's reactions 

elicited by tactile stimuli, I must mention "riiting". 

i.e. When a larva is turned upside down, the reaction of righting itself 

follows immediately. The larva bonds itself into a semicircle with 

the body extremities upwards, a posture which causes the larva to 

fall on one side. The subsequent straightening of the body puts 

the larva in the normal position with the ventral surface in contact 

with the support. 

That "righting" is a reaction induced by tactile stimuli 

can be demonstrated in two ways: 	(1) if the larva is lifted by 

means of a piece of paper previously stuck onto its back, the 

larva makes the same movements to right itself as soon as the ventral 

part of the body loses contact with the table. When the larva is 

put down again in the normal position, with its ventral surface in 

contact with the table, it will start to crawl regularly with no 

signs of being disturbed by the piece of paper stuck onto its back. 

(2) When the larva is held between two glass panle as in a 

sandwich, it will continue to crawl undisturbed even if it is tilted 

in any position or turned upside down. ke long as one of the 

glass panels is in contact with its ventral surface the larva will 

not try to right itself even when it is upside down. This is not 
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due to any physical impossibility namely being sandwiched between 

two glass panels, because if the larva is held in such a way that 

instead of the back and the abdomen, the aides of the body are in 

contact with the glass panels, the larva will soon atop crawling 

and try to righten itself. 

These two experiments were repeated with ten larvae and all 

behaved in the same way. 

Unlike the "immobility" and "oontracted' reactions, the 

"righting" reaction does not ware with repetition. With 10 

larvae, I elicited the reaction for two hours on end at 5 second 

intervals. At the end of that time to decrease in the intensity 

or speed of the reaction was observable. 
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Chapter 7 

Pupation site selection 

In Chapter 5 I demonstrated the existence in larvae of an 

exploratory behaviour induced by tactile stimuli. One of the 

main questions raised by this behaviour is what function has this 

exploratory behaviour in the larva's life, or what is the larva 

"looking for" when it is exploring? 

In the period from migration to pupation (3-5 days), the 

animal is very active. But during this period the larva is 

not "driven" by any of the more common "biological needs", for 

it neither eats nor drinks nor has it any sexual activity. The 

various studies on larvae's behaviour reviewed in the Introduction 

were mainly concerned with the animal's reaction to various 

environmental factors, such as temperature, humidity and above 

all light. No one was concerned with the present problem and 80 

the main task now is to investigate by what such intense 

exploratory behaviour is "motivated" or "driven", and to describe 

more exactly the stimuli that induce it and those that bring about 

its cessation. As no previous work has been done on this problem, 

the only starting point for our investigation is the observation 

of the animal in its natural habitat or in sitfons as near to 

this as possible. 

It is known from the early observations (Holmes, 1905, 1911) 

'that fly larvae which feed on decaying meat or manure, leave the 

feeding place when they are fully grown and move about. Usually 

they burrow in the ground or under a stone where they become pupae. 

A "pupation place selection" seems then to be the "aim" of the 
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larva's activity and exploration after it has left the feeding 

place, One of the more important characteristics of the 

pupation place is, it seems, that it should be in the ground or 

under a atone or in a bole. Indeed the strong tendency of the 

larvae to hide themselves under stones or in fissures is a matter 

of everyday observation even in the laboratory. If this is the 

case, our main problem is that of determining first of all which 

are the atintu3..i that induce the larvae to burrow or penetrate 

the ground or other material. The question whether the 

"motivation" or am of the exploratory activity of the larva is 

really that of "looking for a place" to penetrate and pupate will 

be decided by observing whether or not larvae stop exploring once 

they have burrowed or have successfully penetrated a fissure or 

hole. 

The fact that the ground, fissures or objects under which 

larvae penetrate, all shade the animal from light, suggests that 

this behaviour is the consequence of the larva's tendency to avoid 

the light. But there is also the fact that the exploratory 

behaviour is intensified when the tactile stimuli are increased, 

(see chapter 5) • This suggests that the tactile stimuli as well 

may be relevant to the "penetrating" behaviour. 

To decide what part light plays, if atr, in the larva's 

tendency to "penetrate" the ground or under objects, I made the 

following experiments. 

Experiment (7.1). A group of 50 larvae all of the same age were 

put in a container 30 by 400ins. which they could not climb out of. 

Inside the container were put stones, bits of wood and sand. The 
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container was kept in complete darkness until the larvae became 

pupae. On examination all the pupae were found under the wood or 

stones or buried in the sand. That is all the larvae burrowed or 

penetrated under objects before pupation even in the complete 

absence of light. Light avoidance cannot therefore be considered 

as the "drive" or relevant stimulus that induces the larva to 

burrow or penetrate under objects. Neither does the exploratory 

activity (since the larvae did find the objects) have light 

avoidance as its "drive" or "motivation". 

Experiment (7.2). To test whether both darkness and tactile 

stimuli are necessary conditions to make the larva cease from 

all activity, in a second experiment I put a group of 50 larvae 

between a directional light and a sheet of cardboard 20 by 40crns. 

The larvae moved away from the light and inserted themselves 

underneath the cardboard. 

With a piece of completely opaque cardboard, the larvae 

stopped underneath the card and made no further movements. After 

2 hours not a single larva had moved out from underneath the 

cardboard, Contact and darkness do stop the larva's activity. 

This confirmed the results of the previous experiment. 

When the cardboard is slightly raised above the surface of 

the table so that it screens the light but does not touch the 

back of the larvae, the larvae carry on crawling under the card-

board until they emerge at the far side of the paper. This proves 

that darkness alone is not a sufficient condition to check the 

larva's activity as was indirectly shown in the previous experiment 
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o). In a third trial a transparent sheet of perspex of the same 

dimensions as the cardboard was used and of approximately the same 

weight. The sheet of perapex was in contact with the larva's back 

when they were underneath it as in situation (a). All the larvae 

crawling away from the light penetrated underneath the perepex 

and continued to crawl until they emerged at the far aide, So I 

concluded that the tactile stimulus alone is not sufficient to 

stop the larva's activity. 

It is evident from these experiments that neither darkness 

nor "back in contact" are singly sufficient stimuli to make a 

crawling larva stop. But when both darkness and "back in contact" 

are in conjunction (situation (a)) they are effective in stopping 

the larva's activity. 

The interaction between tactile stimuli and light is rather 

interesting for our main problem of larvae in the blind alley 

and I attempted to clarify further the effect of "back in contact" 

on the light avoidance behaviour in the larva. 

Experiment (7,3). The day after migration 30 larvae were allowed 

to enter blind alleys 3cms, wide and lOoms, long, The lateral 

walls of the alley were 4. high, The alleys were covered with a 

panel of glass so that when the larva was inside, its back was in 

contact with the glas panelo A directional light, 80cd/m2  was 

put in front of the openings of the alleys. One larva at a time 

was allowed to enter each alley. The result was that not one of 

the larvae emerged from the alley, They spent the usual time at 

the end wall, but then crawled slowly up and down the alley for some 

time and all remained inside the alley covered by the glass until 
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they eventually pupated. 

One hypothesis that would explain why the larvae did not 

come out of the alley is to suppose that tactile stimuli on the 

larva's back strengthen the light avoidance reaction to such an 

extent that the larva was unable to inhibit the reaction 

completely and crawl towards the light right out of the alley. 

The experiment was repeated with the following variations 

in light conditions. The first time the alleys were kept 

in complete darkness, the second the alleys were kept under a 

non-directional vertical light, 2700d/Tn2. In both oases the 

larvae remained inside the alleys until pupation as before. 

3o the fact that the larvae remained inside the covered 

blind alleys is not due to a strengthening of the light avoidance 

reaction through the tactile stimulus on the larva's back, It 

seems rather that the tactile stimulus inside the covered alley 

makes it a "good place to pupate" and makes the larvae unresponsive 

to light. 

In the previous experiment (7.2c), where none of the larvae 

stopped under the transparent glass panel, I concluded that both 

stimuli, absence of light darkness and "back in contact", were 

necessary to stop the larva's activity. But in this case the 

larvae ceased activity in the alley until pupation even when they 

were exposed to a vertical light. It may be that the covered blind 

alley offered some stimuli other than the single one "back in 

contact", as in experiment (7.2c). The problem will be more 

fully investigated in chapter 8. 

For the present it is sufficient to conclude that light is 
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not the critical stimulus that induces, "releases" or 

"motivates" the burrowing hehaviour in larvae (experiment 7.1), 

so this behaviour it seems is entirely due to or "released by" 

tactile stimuli. From experiments 7.2 and 7.3,  it appeared that 

the tactile stimulus "back in contact" plays an important if not 

a crucial role in stopping the larva's activity. It also greatly 

modifies the larva's behaviour inside a blind alley. For whereas 

the larvae in an uncovered alley come out again inspite of having 

to crawl towards the light, yet when they are in an alley covered 

with a glass panel and their back is in contact with it, they 

remain inside until pupation. 

Now that the main point has been clarified, namely that 

light plays no part in the burrowing or penetrating behaviour of 

larvae, it remains to see what part the tactile stimuli play 

when in situations as similar as possible to those of the natural 

habitat of larvae burrowing in the ground. 

Experiment (7,4a). The first experiment was intended to test 

the effect the granularity of the ground has on the larva's 

readiness to burrow,, since different granularities will present 

different tactile stinii. 

Four glass containers 9crns. in diameter and 50ms, in depth 

were filled with dry sand or gravel of various granularities; the 

average diameter of the particles being 0.5mm. 9  1.5mm.9 3mm. and 

5mm. respectively. Two control groups were allowed to burrow 

one in dry sawdust (13irini. in diameter) and the other in wet sawdust. 

A group of 50 larvae was put into each container and the number of 

larvae that had burrowed in the first ten minutes was recorded. 
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The number of larvae that became pupae without burrowing was also 

recorded. All the containers were left exposed to the daylight. 

The results are reported in fig, 7.4a. They show that 

of the larvae in the containers filled with sand, the highest 

percentage of larvae that had burrowed within the first ten 

minutes was to be found among those in the sand of 3mm. 

granularity, whereas of the larvae in the control groups, an oven 

higher percentage was found among those in the dry sawdust, while 

of those in the wet sawdust, not a single larva had burrowed 

within the first ten minutes nor did any pupate in it. In all 

the other groups the number that did not eventually burrow and 

pupate was very small (see white columns). The difference in the 

percentage of larvae that had burrowed within the first ten minutes 

in the sand of 1/2mm*  and that of 3mm. in granularity is 

statistically significant, 	p< .001), while the difference in 

number between those that had burrowed in the sand of 3mm. and 

5mm, granularity and the control group in the sawdust is not 

statistically significant. This indicates that the specific 

weight of the material does not influence the readiness of larvae 

to burrow, while the difference in granularity does affect it. 

It may be that the difference in the results from the sands of 

different granularity is due not only to a difference in 

stimulation but also bo a certain mechanical difficulty in pene.. 

trating the sand. This however does not seem very likely as all 

the sands have approximately the same specific weight. 

Two further observations were made on the behaviour of 

larvae in these experiments. The first is that while all the 

pupae that had burrowed in the sand were near the surface, those 
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that had burrowed in the sawdust were all found near the bottom, 

It seems that the specific weight of the ground has some 

influence on how deep a larva will burrow to pupate. That is 

that the "optimal" pupation place has to have a certain intensity 

of tactile stimuli all around the larval body. To test this 

hypothesis further experiments were made (experiment 7.4b), 

The second observation made is that all the buried pupae 

were found "looking upwards" in an approximately vertical position. 

During the experiments on the effect of the specific weight of 

the ground, more exact recordings were made of the position of 

the pupae so as to have some more data on this observation. 

Experiment (74b). To test the effects of the specific weight 

of the ground on the burrowing behaviour of larvae, Polystirol 

in particles of 3.5mmo diameter was added to the materials of the 

previous experiment. This is a material of very low specific 

weight. In order to give the larva the opportunity of burrowing 

as deeply as possible, the containers were glass tubes 2Ocms, deep 

for the sand, 400me. deep for the sawdust and un, deep for the 

Polystirol. All the tubes were Sams. in diameter. Groups of 

20 larvae were allowed to burrow, one group to each material, and 

then the depth at which the pupae were found was recorded, The 

orientation of the pupae was also recorded. 

The results are reported in tab. 7.4b and clearly show that 

the larvae burrowed much deeper in the sawdust and Polystirol, 

materials of low specific weight; than in the various kinds of 

sand, The differences are statistically significant (U test 



Materials Pupae's 
Orientation 

Sp. W • Se. depth angle 

gr./cm. N. ems. X X 

( 	
1.42 20 2.33 710  

Sand 	1.43 

1 

20 2.05 700  

1.44 20 1.94 680  

Sawd. 	0.20 30 8.30 67 0  

Polyst. 	0.01 30 14.30 700  

The effect of specific weight of the "ground" on 

the depth to which larvae burrowed. 

Tab. 7.4 b 
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p <.001), The hypothesis that, not only a particular kind, of 

tactile stimuli, but also their intensity induces the larvae to 

cease its activity to pupate is fully confirmed, 

As regards the orientation of the pupae buried in the 

various kinds of "ground" (the results are reported in tab. 7.4b), 

they acre all found "looking upwards" more or less vertically 

(average angle 700 ), 

As we have seen in the experiments reported in chapter 6, 

the hypothesis that the larvae were sensitive to gravity was 

excluded at least with regard to the "righting" reaction. Now 

it seems that the position of the buzied pupae reopens the problem 

of the larva's sensitivity to gravity, unless this behaviour can 

be explained in some other way. A hint that there may be an 

explanation for this behaviour which does not refer it to gravity 

will be found in the experiments of the next chapter. It is 

Important to notice that the pupae's position (looking upwards) 

has considerable selective advantage over that of "looking 

downwards" as in the latter case the emerging fly would have some 

difficulty in reaching the surface again. 
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tendency to penetrate even very tiny fissures. It is of some 

interest to know how eU a hole a larva will enter and what 

happens once the larva is inside, 

For these reasons I allowed 4 groups of 30 larvae in each 

to enter teat tubes lOomsa in length and. of 3,4,5 and 6sms. in 

diameter respectively. (Larvae are approximately 4mm, in. 

diameter.) A horizontal light of 80cd/m2  shone in front of the 

open end of the tube. The number of larvae that pupated inside 
tab 

the tube was z'scord.ecl, The results are reported in Ift. 8.1, 

Iona of the larvae that entered very narrow tubes 

(3 and 4azto diameter) remained inside. They could not turn 

inside the tubes but came out crawling backwards and pupated 

outiiae. However larvae entering larger tubes (5 and Gum, 

diameter) remained inside, but before pupating they all turned 

round so that they became pupae facing the span end of the tube 

and hence the light. (This confirmed the previous observation 

that some kinds of tactile stimulation do inhibit the light 

avoidance reaction), If a larva had pupated facing the closed 

end of the tube, the emerging fly would have died imprisoned 

inside and thus the reaction. of turning once inside a tube is 

highly adaptive. The fact that larvae come out of the narrower 

tubes may be due to the impossibility of turning round inside them. 

This raises the problem of how the larvae øucaaed in orientating 

themselves correctly towards the open extremity of the tubes or 

what induces the larva to turn once it is inside the tube, There 

are three obvious possibilities* 

0 Pupae inside the larger tubes are distributed along the 



Test tubes Ss. Larvae pupated 

inside the t.t. 

4mm. N. 

3 55 0 

4 55 3.5 

5 40 80.0 

6 40 92.5 

Percentage of larvae that pupated inside 

test tubes of various diameter. 

Tab. 8.1 
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length, some near the closed end, some in the middle and some 

near the open end of the tubes. Therefore, contact of the larva's 

body with the walls of the tube on entering may provide the 

necessary stimuli for turning. Once inside the tube turning would 

follow automatically after a short but variable latency. Individual 

variation in this latency would account for the approximately 

random distribution of the larvae inside the tubes. 

Li) Contact with the material closing the end of the tube 

may induce the larva to turn round so as to pupate facing away 

from it. 

iii) The larvae might orientate themselves by detecting 

the gradient of oxygen concentration as higher towards the open 

end of the tube than towards the closed end. 

Experiment (8.2). To test between these three possibilities I 

presented groups of larvae all one day after migration with 

different kinds of tubes, as follows (see tablegZs 

2a# glass tubes open at both extremities, lOom, in length 

and 6mm, in diameter, so that the larvae could, turn easily inside. 

The larvae were allowed to enter from extremity B and the entrance 

was then closed with piasticine, while the other extremity A was 

left open. On the first hypothesis we would predict that the 

larvae would turn and pupate facing the closed end, B. 

2b, plastic tubes (6mm. diameter and 20cm, in length) twisted 

to form a ring after the larvae had entered, so that the larvae 

would meet no obstacle while crawling inside the tubes; little 



Types of Pupae Orientation Pupation (days 

tubes Ss. 	out N. pupae facing: after migration) 

N 	N A 	 B X 

a)OIIIIII 20 	3 17 	 0 4.1 

A 	B 

b)0 
 20 	/ 12W 	8(-) 7.4(') 

c)OIIIIIIIIS 	20 	/ 	9 	 11 	 9.5(') 
A B 

	

0 10 -20 4 6 	10 	 3.9 

d)A 	B 

	

1111110 20 2 0 	18 	 3.7 

o Wire net; S plasticine; 	direction in which the larva entered the tube; 

(+) clockwise;  (-) anticlockwise; (') This delay to pupation is significantly greater 
than that of the control group(p< .001; Mann W. U Test). 

Orientation and day of pupation of fly larvae inside various kinds of tubes. 

Tab. 8.2 



holes were bored through the tube to provide air. On hypothesis 

ii), (turning is induced by contact with the closing end wall the 

larvae should never become stimulated to turn and should never 

become stimulated to turn and should therefore pupate facing the 

same direction (clockwise) as they entered, 

2oe glass tubes (6mm. diameter and 20cm, in length) were 

closed at both extremities after the larvae had entered. B was 

closed hermetically with plasticine and A with wire net so that air 

could enter, On hypothesis iii), (that the larvae could 

orientate themselves from the oxygen gradient), the pupae would 

be expected to face the extremity A closed with wire net, 

2d. Two control groups of larvae were put in tubes 

20cm. by 6mm. One group in tubes with both ends open, the other 

in tubes with one extremity A closed. 

All the tubes 'were kept in complete darkness at 25°C and 

supported horizontally in such a way that if a larva left a tube, 

It could not enter again, 

Results. The results are summarized in Table 8.2 and fail to 

support any of the hypotheses put forward, All the larvae in 

situation 8.2a. pupated facing the open extremity A of the tube 

instead of the closed end B as expected. While in situation 2b* 

they pupated at random in a clockwise or anti-clockwise direction. 

In 2oo the pupae were also facing extremities A and B at random. 

However these experiments produced one surprising result; larvae 

of groups 2b. and 2a. whose tubes offered no escape pupated 

significantly later than the larvae of situation 2a. and 2de the 

control groups, where pupation occurred after the normal 5-4 days. 

71. 
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Accordingly a second experiment was made to check whether lack 

of oxygen (Takaoka, 1960, Bohm, 1964) or high humidity (Evans, 

1935; Ohtaki, 1966) caused the delay in pupation in these cases. 

Experiment (8.3). Larvae one day after migration were put in 

the following situations (See table 8.3): 

As in 2oo  these larvae were expected to delay 

pupation as in the first experiment, 

Glass tubes of the same dimensions as in 3a* but bent 

up at both extremities for 4cm, and then closed A with plasticino 

and B with wire not as in 2o. In this way the conditions inside 

the tubes regarding oxygen content and humidity were made 

approximately the same a. in 2c* but since larvae cannot climb they 

could not touch the material closing the mouths of the tubes, and 

it would appear as "open" to the larvae, they were therefore expected 

to pupate at the normal time. But if the delay was due to lack of 

oxygen or high humidity they should have delayed pupation as in 2c. 

3b-i. Tubes as in 3b* and closed in the same way but which 

had only one extremity A bent up. The larvae were expected to 

pupate at the normal time and all facing the bent up extremity, 

which had been closed hermetically. 

30. A control group of larvae were kept in open ended tubes 

of the same form and dimensions as in la. All the tubes were kept 

in the same conditions as in the previous experiment. 

Results. The results reported in Table 8.3 show that the larvae 

inside the tubes with bent up extremities pupated at the same time 

as the control group, while the larvae inside the straight horizontal 

tube again pupated significantly later than the control group. 



Types of Orientation Pupation (days 

tubes Ss. N. pupae facing: after migration) 

N A 	 B X 

a)IIIIIID 20 12 	 8 9.6(') 
A 	B 

b) 20 7 	 13 3.8 

bi) ________ 	20 	 20 	 0 	 3.5 
A 	B 

C) 	 20 	 0 	 17(3/out) 	3.9 
A B 

o Wire net;S plasticine; (') This delay to pupation is significantly greater 

than that of the control group 	(p <.001; Mann W. U Test). 

Orientation and delay to pupation of larvae inside tubes of various forms. 

Tab. 8.3 
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Thus anoxia and humidity played no part in pupation delay. It 

appears then that delayed pupation is entirely due to 'incorrect' 

tactile stimuli or rather to a lack of 'correct' tactile stimuli. 

Indeed the fact that larvae inside the tubes with bent up 

extremities pupated at the. normal time suggested strongly that 

the larva, after it enters a tube, "looks for a possible way out" 

or for an "upward opening", If this is so, the pupation delay 

in tubes with both ends closed and in the anular tubes could be 

explained by the fact that these tubes have a continuous ceiling 

with no upward opening. This hypothesis would predict that any 

container with no opening and a ceiling low enough to be touched 

by the larvae regardless of its width and length will induce delay 

in pupation. 

Experiment (8.4). I put the larvae under circular plastic dishes 

completely closed except for little holes for aeration  of 6mmo 

in depth so that the body of the larva was not in direct contact 

with the coiling, but the larva could touch it by raising its head. 

The dishes varied in size from 2cm. to 9cm* in diameter. 

Results From table 8.4 it is possible to see that only the 

larvae under the dishes of 2 and 3,50m. in diameter delayed pupation 

while the larva under the larger dishes pupated at the normal time. 

The ceiling is effective it seems only when the container is small 

and the hypothesis of a continuous ceiling as a single factor causing 

a delay in pupation cannot be sustained. 

From the previous experiments it is evident that: 

a) the delay in pupation is induced by a certain sort of tactile 



Diameter 	 Pupation day 

of dishes 	Ss. 	(after migration) 

ciii. 	N. 	 X 

2.0 	20 	 6.8 

3.5 	 20 	 6.5 

5.5 	 20 	 3.9 

9.5 	 20 	 3.4 

Control 
Group 	30 	 3.6 

(open dishes) 

Day of pupation of larvae in closed dishes 

of 6mm. in height and various diameters. 

Tab. 8.4 
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stimulation (expo 8.3). 

b) Neither the frontal nor the lateral walla of the container 

(exp. 8.2) nor the ceiling (exp. 8.4) alone, provide the critical 

stimulus situation, but in combination all are effective in inducin 

the pupation delay. As the larvae cannot touch more than two sides 

of the container at the same time, it follows that the larvae 

"integrate" the various stimuli received from different directions 

and at different times from the walls of the container. 

c) Expo 8.4 shows that this complex apatiotemporal integration 

of the various tactile stimuli has a limit. If there is to be a 

delay in pupation, for a given height of the ceiling of 6mm* the 

diameter or the lateral distance of the walls  of the container, 

cannot be more than 3,5cm.. Beyond that lateral amplitude delay 

in pupation no longer occurs, i.e. the integration of tactile 

stimuli that induces the delay is no longer possible. 

If the hypothesis of integration and its limits is correct, 

then it will be possible to obtain a measurement of the amplitude 

and form of the maximum apace that the larvae can determine. The 

hypothesis of integration of various tactile stimuli will also 

predict that the dimensions of the three variables depth, width 

and length of the container that the larvae can detect as "closed" 

are not rigidly fixed but can vary interdependently to a certain 

extent. 

Experimexit(8.5). In a series of experiments I put the larvae in 

wooden boxes covered with wire net so that all were actually closed, 

The three dimensions of the containers were systematically varied 



75. 

antil no further delay in pupation was observed. 

The results are summarised in fig. 8.1 which shows for any 

value of one variable the maximum value that the other two can 

assume and still induce a delay in pupation. If the size of any 

closed container is increased beyond the value indicated in the 

figure no more delay in pupation is observed, t.e it becomes too 

large to be determined as "closed" by the larvae. 

The results confirmed the hypothesis of the interdependency 

of the three variables width, depth and length. As it is possible 

to see in the figure 8.10  the depth of the container is inversely 

proportional to the other two variables width and length, when 

expanded simultaneously. But if the depth and width of the container 

are kept well within the perceptual capacity of the larvae, 6 x 6mmo 

the length of the container may be increased to 1500mm., and the 

larvae will still delay pupation. A larva in the same sized tube 

with one end open will pupate at the normal time and correctly 

orientated towards the open end. 

Continuous observation of the larvae in this situation shows 

that once inside the tube a larva moves almost continuously exploring 

the side walls and ceiling until it reaches the closed end. It then 

turns and moves back to the open end. It does not crawl out of the 

tube but leans out exploring the limits of the tube all around. It 

retreats a little and then turns towards the inside. It crawls for 

a while and may again reach the closed end of the tube, after which it 

turns again so as to be facing the open end. The sequence may be 

repeated two or three times. The larva eventually assumes the 

contracted posture characteristic of the pupa and pupates at the 

normal time. If the tube is closed at both ends, the larva crawls 



mr 

MM- 

The relationship between the height, breadth and length of containers 

which induce pupation delay and thus appear 'closed' to a larva. 

Fig. 8.1 
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up and down continuously until it eventually pupates several days 

after the normal time, 

The striking performance of larvae inside 1500mm. tubes 

suggests that they can 'remember' at least two aspects of their 

previous experience. First they can remember for a certain time 

that "the tube is open" and in which direction the opening lies. 

Once the larva has established that the tube is open, pupation 

occurs at the normal time, the pupae themselves are all orientated 

correctly and they are distributed along the length of the tube as 

shown in fig. 8,2. This means that each larva has been able to 

that the end was open whilst it was travelling back down 

the tube and turning round to face the open end. In the case of 

pupae near the closed end of a 1500mmo  tube, their memory lasted for 

3 to 4 hours, this being the average time required to travel the 

length of the tube.. Larvae which pupate in the middle of the tube 

have also 'remembered' in which direction the opening lies, as they 

all orientated correctly. 

The second thing that larvae can 'remember' is that the 

tube has "no opening". If delay of pupation occurs, the larva must 

remember that throughout all its previous exploration there has been 

"no opening" in the tube, This is clearly shown in experiment 8.2b 

with larvae inside anular tubes having no barriers marking "end 

closed" it simply no "openings". This experiment excludes the 

possible hypothesis that in the case of long straight tubes, what a 

larva actually 'remembers' is that "one end is closed" when it reaches 

the other end of the tube. The effects of the 'memory' for "no 

opening" lasts for several days, i.e. until pupation can be delayed 

no longer even in a, closed container, an extra 4 to 5 days later than 



open 
end 

closed 
end 

mm. 0 	 500 	 1000 	 1500 

Percentages of larvae that pupated in the three positions 

inside the tube. 

Fig. 8.2 
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the normal time of pupation. 

In the light of these experiments it is possible to conclude 

that what induces the delay in pupation is not any simple kind of 

tactile stimulus but a particular spatial relationship between the 

walls of the container which can only be detected by a complex 

integration of the tactile stimuli which the larvae receives during 

a thorough exploration of the container. 

The larva's ability to explore and establish within certain 

limits the spatial characteristics of the container explains how the 

larva succeeds in orientating itself towards the open end of the 

tubes (or holes in the natural situation) with one extremity closed, 

Conclusion 

The demonstration that tactile stimuli do intensify the 

larva's exploratory behaviour (chapter 5), revealed the importance 

that these kind of stimuli have on the larva's behaviour and hence 

the necessity of further investigation to clarify what role they 

play in the larva's life. This led me into a series of experiments 

to describe which reactions are induced by tactile stimuli. They 

can be summarised as follows: 

Defence reactions: relaxed immobility, contracted immobility, 

contortions, convulsions, all of which were induced by tactile 

stimuli of increasing intensity on the larva's back; and righting 

(chapter 6), induced by the loss of contact on the ventral surface. 

Reactions connected with pupation site selection. Besides the 

exploratory behaviour demonstrated in chapter 5, I have investigated 

burrowing, (chapter 7) and 'penetrating' behaviour, (chapter 8) both of 

which are induced by the tactile stimuli provided by fissures or holes 



78. 

(experiments 5 and 8.1) or the ground texture. In the latter 

case the stimuli provided by particles of 3mmo in diameter seem 

the most effective (experiment 7.4). It has been shown (experiment 7.1) 

that light plays no part in inducing these behaviour patterns. 

Descriptively speaking one might say that the "aim" of a larva's 

exploratory activity is the selection of a pupation site, with 

burrowing and penetrating as its intermediate stages, This is 

demonstrated by the fact that the tactile stimuli provided by the 

site in which the larva is buried or has penetrated, stop all 

further exploratory activity. It seemed at first that with the 

stimulus "back in contact" darkness in addition was necessary to 

atop activity (experiment 7.2), but in the environment afforded by 

the covered blind alley (experiment 7.3), larvae remain to pupate 

even when they are exposed to light, 

Experiment 7.4 on burrowing showed that this behaviour 

is not only influenced by the granularity of the substrate but also 

by its specific weight. The fact that larvae burrow deeper in 

substrates of lower specific weight demonstrates their sensitivity 

to the intensity of tactile stimuli. 

The experiments of chapter 8 on penetrating behaviour revealed 

that the larvae possess the most interesting ability to perceive 

the spatial relationships of a container and to distinguish between 

an "open" and a "closed" one, as "closed" containers induce a delay 

in pupation. The larva's ability to recognize and remember which 

side of the tube is open also explains why larvae which had burrowed 

in sand or sawdust pupate 'looking' upwards. Evidently once they 

are buried, larvae do not stop exploring until they have found the 
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direction of the 'way out' and turned to face it, There is no 

evidence that gravity plays any part in the orientation of larvae 

before pupation. In open containers of sawdust pupae are orientated 

upwards, but in containers which have the upper surface covered with 

fine wire mesh just after the larvae have begun to burrow, the 

pupae are subsequently found to be orientated at random. 

The experiments showed that the influence of light on pupation 

site selection is very email. Although light avoidance behaviour 

indirectly helps larvae to find pupation sites, as these are usually 

in dark places, it plays no further part once they meet the 'right' 

tactile stimuli and light avoidance is then completely inhibited, 

In experiment 8.1 the larvae pupated inside the test tubes fgoig 

the light, 

One ought perhaps to stress the contrast between the situation 

In a test tube or covered blind alloy, where the tactile stimuli 

lead to the complete elimination or inhibition of the light avoidance 

reaction, and that in the normal blind alley which has no cover. 

Hors the 'incomplete' tactile stimuli provided by its walls do not, 

as was demonstrated in Chapter 4, lead to the complete inhibition 

of the light avoidance reaction. The problem of how larvae succeed 

in Coming out of such a blind alley by crawling towards the light is 

still open and will be considered in Part III. 



Part 1fl 

The turning reaction 
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Chapter 9. 

The sharp turning reaction 

During the experiment described at the end of Part I 

(experiment 4), I observed that whenever larvae were put under a 

vertical light, they made a sharp turn of approximately 1800  before 

starting to crawl. This was rather surprising because this kind 

of sharp turning had previously been observed only when a larva was 

faced with a horizontal directional light. When the larva turned 

under a non-directional vertical light, there was no apparent 

"reason" for this turning, and so an explanation was sought. But 

before putting forward any explanatory hypothesis some experiments 

are described which characterize the reaction more exactly and 

indicate the conditions under which it can be observed. 

Experiment (9.1) 	This first experiment was done to have some 

more exact data on the emplitude of the "turning", the exact movements 

made by a larva, and any individual differences in the reaction. 

The larvae were tested the day after migration. They were picked up 

one at a time from the container with a pair of forceps (this 

provoked the contracted immobility reaction) and were placed in the 

middle of a graduated circle under a light 2700d/m2  that shone from 

above and which was not screened with a heat filter (the bulb was at 

a height of 30cms. from the table). The amplitude of the turn was 

recorded, in other words the angle between the direction in which the 

larva faced when put on the table and the direction taken when it 

started to crawl. The direction of the turn, to the right or the 

left, was also recorded, 01 27 larvae tested, all of whom were the 
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same age, 51.8% turned right and the rest turned left. None went 

straight on. 

The average amplitude of the turning was 196,6°, but strong 

differences from larva to larva were observed (max. 3600  mm,  600 

6= 105.62). 

When a larva was put down on the table it was immobile and 

contracted, After a few seconds it started to move its head and the 

first 4-5 segments of the body from side to side and upwards. The 

remaining part of the body was still. Then it bent over markedly 

to one side (see phot. 9.1) and started to turn with slow undulating 

contractions, pivoting on the last segments of the body. When the 

larva had straightened its body again it started to crawl forward in 

the direction reached after the turn and followed an approximately 

straight line. 

The turning behaviour of the larva with the bending of the 

whole body is the exact replica of what the larva does when it is 

put in front of a horizontal directional light, except that in the 
1.

latter case the amplitude of the turn is always 1800  exactly. Also 

in the latter case it is known that the turn is due to the larva's 

tendency to avoid the light (light avoidance reaction). But this 

cannot be the case when the larva is under a vertical light as this 

has no directionality and both the light receptors are equally 

illuminated, At first I wondered whether the sudden change in light 

intensity (from the darkness of the container to exposition to light) 

induced the larva to "look" for the direction of lowest light intensity. 

In this case the turning reaction can be thought of as a kind of 

pre-orientating exploration. To test this hypothesis I measured the 



A Crawling larva 

B Sharp turning reaction 

Phof. 9.1 
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amplitude of the turning under lights of various intensities and 

in complete darkness. 

Experiment (9.2). 	The various light intensities (1.37; 2.74; 

109; 680; 1700cd/m2) were obtained with a microscope bulb screened 

with a heat filter and a series of grey filters. As before the 

light shone from above on the larva, "Absolute" darkness was 

obtained by illuminating the room with a low intensity red bulb 

that made it possible to observe the larvae. 

A group of larvae the day after migration was tested under 

the various conditions at an interval of 30 minutes. As before the 

larvae were picked up from the container with a pair of forceps and 

put on the graduated table. For each larva the amplitude of the turn 

in the various conditions was recorded, To exclude the concomitant 

effect of other variables, the series of light intensities was not 

presented in the order of increasing or decreasing intensity, but 

randomized (see fig. 9.2). Thus the numerical order of the trials 

does not correspond to an increasing step in light intensity. 

The results reported jn  fig. 9.2 show that the amplitude of 

the larva's turn changes little (no statistically significant 

differences) in the various light intensities and in complete darkness, 

No correlation was found (r = 0,09 average of correlations) between 

the performance of the larvae in subsequent trials. 

The most interesting result was that the larvae were found to 

turn even in complete darkness and not only when exposed to light. 

So the sudden increase in light intensity is not the stimulus, or at 

least not the only one, that induces the turning reaction. 

As larvae always react with contracted immobility when they 
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are picked up from the container, I thought that the turning reaction 

was a kind of exploratory behaviour which occurs whenever the larva 

comes out of the contracted immobility reaction. To test this 

hypothesis I made the following variation in the previous experiment. 

Experiment (9.2b), To avoid the effect of contracted immobility 

on the subsequent turning reaction, the larvae were first put in 

front of a horizontal light of low intensity (l0cd/m2 ) and guided 

by means of this light to the middle of the graduated table 30cms. 

away, When the larvae had reached the central position, the 

horizontal light was switched off and the vertical light that shone 

above the middle of the table switched on. In this way a contracted 

reaction immediately before the larva's exposure to the vertical 

light was avoided, A group of 25 larvae was tested under two different 

intensities of the vertical light: 109 and 1700cd/m2, The average 

amplitude of the turn was 105°  and 980  respectively. The comparison 

of these results with those obtained in the previous experiment using 

the same light intensities shows that the difference is not 

statistically siguificant. 

So the turning reaction not only follows the contracted reaction 

(whether the larvae is exposed to a vertical light or is in complete 

darkness) as was shown in the previous experiment (Experiment 9,1), 

but can also be obtained by a sudden increase in light intensity 

without the preceding contracted reaction. The contracted reaction 

is not therefore an essential preliminary to the turning reaction. 

This conclusion is limited in that sometimes a sudden increase in 

light intensity may induce a brief contracted immobility in a crawling 

larva. In the experiment 8 of the 25 larvae (32)  had a brief 
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contracted reaction when the vertical light was switched on. To 

see whether the turning reaction can be induced by a sudden change or 

increase in other stimuli to which the larva is sensitive, a further 

experiment using humidity instead of light was made. 

Experiment (9.3). A group of larvae was allowed to crawl on a table 

20 x 20cms, Half of the table was paved with dry filter paper and 

the other half with wet filter paper. The room was illuminated with 

a dim diffuse light, The larvae one at a time were put on the dry 

paper and allowed to crawl towards the wet paper. The angle described 

by the larva when it met the wet paper was measured. The results 

confirmed our hypothesis* When the larva encountered the wet paper, 

it stopped, raised its head, swung it from side to side, and then 

turned describing an average angle of 750, Some turned through an 

angle too small to bring them hack onto the dry paper and carried on 

crawling on the wet one. 

To conclude this series of observations it is possible to say 

that what we have called the turning reaction is observable (1) when 

the larva "comes out" of the contracted immobility reaction, and 

(2) whenever it meets a sudden change in stimulus intensity such as 

light or humidity. The fact that the larva does not simply turn 

but also raises its head and swings it from side to side strongly 

indicates that this is an "exploratory orientating" reaction as I 

had supposed; a state of a16rtness to probe the new environmental 

conditions. Moreover detailed observation of the larva's movements 

in this situation and those the larva makes when faced with a horizontal 

directional light show that it is essentially the same reaction. The 

turning may be thought of as "random" in darkness or under a vertical 
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light and as "guided" in front of a directional light. In the second 

case the larva always makes a turn of 180°, while under a vertical 

light or in darkness it cannot find any "direction of lower stimulus 

intensity" and the amplitude of the turn is more variable. The 

fact that the turn's amplitude is not always 1800  when the larva 

meets a high humidity gradient may be explained by supposing that 

the orientating "mechanisms" to humidity are not as precise as those 

to light, The supposition is confirmed by the fact that the humidity 

receptors are not located bi-laterally as the photoreceptors 

(see Osborne, 1963) 9  but spread over the whole ventral surface. 

An important characteristic of the turning reaction is that 

although the reaction itself may be induced by a sudden increase in 

light intensity, the amplitude of the turn does not depend on the 

intensity of the light. For example the amplitude of the turn is 

approximately the same whether the light is increased from 0 to 

109cd/m2, or from 0 to 1700cd/m2  (experiment 9.2A). 

Another characteristic is that the individual differences are 

not constant from trial to trial. In fact no correlation was found 

between the amplitude of the larva's turn in successive trials 

(experiment 9.2b). 

These two characteristics of the turning reaction, independence 

of light intensity and no correlation in successive trials, reminds 

one of the behaviour of the larva in the blind alley. As demonstrated 

in chapter 1, the time that the larvae spent at the end wall did not 

depend on the light intensity, neither did it show any correlation 

with the time spent by the larva in subsequent trials. The time 

spent at the end wall of the alley is longer than that taken by the 

larva to make a single turning reaction, but the above similarity 



suggests that what happens at the end wall before the larva starts 

to crawl out of the alley towards the light, has something to do 

with the turning reaction. In fact it may be that the larva can 

Crawl towards the light just because the turning reaction has been 

"exhausted" or has "vanished" after some repetition. 

87. 
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Chapter 10. 

The waning of the turning reaction and the "wide turn". 

At the end of the last chapter the suggestion was put forward 

that the larva can crawl towards the light after some time spent at 

the end wall of a blind alley because, during this time, the turning 

reaction becomes "exhausted". 	The idea requires some further 

clarification. 

Firstly, the turning reaction is induced by a sudden increase 

in light intensity, although the light itself may or may not be 

directional. Inside the blind alley the turns are "guided" as the 

light is directional. When the larva is crawling away from the light 

its head (and photoreceptors) are shaded from the light. When the 

larva turns towards the light after it has met the end wall, its head 

will be exposed to light. The sudden increase of light on the 

photoreceptors will induce the turning reaction. So the larva will 

again turn towards the end wall and so on. We suppose that the time 

the larva spends at the end wall is approximately equal to that needed 

to "exhaust" the turning reaction with repeated stimulations. 

Secondly, in chapter 2, I demonstrated that the behaviour of 

the larva inside the alley could not be explained by an "exhaustion" 

of the light avoidance reaction or tendency. At that time, following 

the words of Durrwachter (1957) and Precht (1952) on the exhaustion 

of phototactic behaviour in other animals, I considered the light 

avoidance reaction as a crawling away from the light. In fact in 

the experiments of chapter 2,1 measured the length of time and the 

distance the larvae crawled away, when continuously exposed to light. 

The new hypothesis now concerns how long or how many times larvae 
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turn away from light. The problem of considering crawling away 

and turning away (or towards) the light as two different components 

of the phototactic behaviour, has already been discussed in the 

introduction in relation to the various points of view reported in 

the literature. In our present case we shall see if the time 

required to "exhaust" crawling away is or is not equal to the time 

required to the exhausting of the turning away. 

Experiment (O,la). 	To test the hypothesis that during the time 

the larva spends at the and wall the turning reaction becomes 

exhausted, and hence the larva can crawl towards the light, I put 

the larvae in the following situation. 

An alley 2cms, wide and 20cms, long with walls 3cmso high 

and both extremities operA, was put in front of a microscope lamp 

3cme, away so as to be in line with the horizontal beam of light. 

The light was screened with a heat filter and its approximate intensity 

in the middle of the alley was 1700cd/m4, The larva was put in the 

middle of the alloy lacing the light, As soon as the larva had turned 

away from the light, the alley was turned through 1800 00 that the 

larva was again facing the light. The operation was repeated until 

the larva no longer turned away from the light. In pre-experimental 

trials I checked that the smooth manipulation of the alloy did not 

influence the larva's behaviour in any other way except its reaction 

to light. 

When the larva stopped turning and started to crawl towards 

the light, the alley was moved slowly backwards in line With the light 

and a second alley of the same dimensions was added. In this way the 

larva could be allowed to crawl towards the light for any length of 



time or distance. (The reason for using a single bulb and turning 

the alley instead of having two bulbs switched on alternately, was 

to have more freedom in manipulating the alleys when the larva started 

to crawl towards the light.) 

A group of 30 larvae previously kept in a dim light was tested 

the day after migration. The number of turns and the time taken to 

start to crawl towards the light were recorded. 

The results showed the average number of turnings made by a 

larva to be 4.4. The average time taken was 133 seconds, A great 

variability was observed in the number of turns (max. 171  mm, 1) and 

in the time required (max. 615 seconds, mm, 10 seconds), Thus the 

time required to exhaust the turning reaction is of the same order of 

magnitude as the time the larvae spend at the end wall of the blind 

alley (see chapter 1)9  which supports the hypothesis that the larva 

can crawl towards the light because this exhaustion has taken place. 

Experiment (10.lb), 	To see whether the light intensity had any 

effect on the turning performance the experiment was repeated 4 hours 

later with a light of 270cd/m2. The results showed an average number 

of turns of 4.5 and the time taken as 147 seconds. There was no 

significant difference between those and the results of the previous 

experiment. No correlation was found between performance of larvae 

on the two successive trials, (r a 0.09). 

An important observatior was made during this experiment. 

After the larvae had stopped turning they started to crawl towards the 

light. To make sure that the turning reaction had been completely 

exhausted they were allowed to crawl towards the light for 20-30cms. 
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(this distance was obtained by adding a second alley to the first), 

When the larva reached the end of the second alley, it no longer 

crawled towards the light, but with a "wide turn" crawled away from 

it as in the blind alley. As this wide turn seemed to imply that 

the turning reaction had not been completely exhausted, some larvae 

were allowed to crawl towards the light for 1 metre inside the alley 

and then allowed to crawl out. Nonetheless once out of the alley 

they started to make a wide turn and crawled away from the light. 

Fig, 10,1 illustrates the difference between the reaction I 

called "turning" or sharp turning and the "wide turn". The turning 

reaction is a sharp turn and the larva in making it, bands its body 

as shown in photo  9a. The turn itself is completed while the larva 

remains in the some place, in other words the larva, does not crawl. 

During the "wide turn" the larva crawls at the normal speed and only 

the first two or three segments are slightly bent, i.e. the "pendular" 

movements of the bead normally observed during a steady crawling no 

longer go from right to left but are asymmetrical and biassed towards 

one aide (see pliot, 9b and fig, 10.lb). During this behaviour the 

larvate path describes a semicircle of an average diameter of lOoms, 

and in some cases it is ap wide as 20-250ms. From the data of our 

experiment the amplitude of the wide turn seems not to depend on the 

distance the larva crawls towards the light or the time elapsed after 

the waning of the turning reaction, but I made a further check. 

experiment (LO.lc). 	To be sure that the wide turn did not depend 

on the time elapsed after waning, I repeated experiment (lO.lb) on 

the following day with the same group of larvae divided into three 
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Illustrative sequence of larva's movements during: 

a) sharp turning 	b) wide turn reactions 

Fig. 10.1 
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sub-groups of 10 larvae in each. After the exhaustion of the turning 

reaction, they were allowed to crawl towards the light for a distance 

of 20; 40; 60cma, respectively. The average amplitude of the 

subsequent wide turns was of 10,8; 12,5; and 11,2cras. in diameter, 

between which there is no significant difference, 

The average number of turning reactions before waning (2,85) 

and the time required (81 seconds) was however significantly different 

(t test p w 0,02) from the average number of turning reactions on the 

previous day (4,4). The meaning of this difference will be discussed 

later on in chapter 13, Once again no correlation was found between 

the performances of the larvae in the two experiments (r = 0.05) on 

successive days experiments lO.lb  and iO.lc. 

To conclude, the data on the waning or exhaustion of the 

turning reaction obtained in the previous experiments confirm the 

hypothesis that during the time spent by the larva at the end wall 

of the blind alley, it is the turning reaction that becomes exhausted. 

In fact both the time spent at the end wall and the time required to 

exhaust the turning reaction are (1) of the same order of magnitude, 

(2) not influenced by the intensity of the light, (3) not correlated 

in successive trials. The "wide turn" behaviour is as we have 

observed an approximate orientating behaviour that persists long after 

the turning reaction has been exhausted, and doubtless is the same 

behaviour that enables a larva to turn away from the light once it 

has reached the way out of a blind alley. 

As I have found no references in the literature to this 

distinction between the "sharp turning" and the "wide turn" in the 

larva's orientating mechanisms, the problem needs some further 
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clarification. Indeed the question may be raised as to whether 

the sharp turning and the wide turn are really two different reactions 

or merely two levels of thtsieity of the same reaction. As we have 

aeon from the results of the last experiment (lO,lc) the amplitude 

of the wide turn is approximately the same whether it is observed 

soon after the waning of the sharp turning or after some delay 

during which the larva has crawled inside the alley towards the light, 

This may imply either that a single turning reaction has been reduced 

in intensity (through the repetition of sharp turns) and has reached 

a point of low intensity below which it can be reduced no further, or 

that the sharp turning reaction has been completely exhausted and the 

wide turn is a. completely different orientating mechanism. 

A way of testing which of the two alternatives is the correct 

one is to put larvae that have been blinded in one photoreceptor 

under a vertical light, In this way the larva should turn continuously 

towards the blinded aide as if exposed to a constant difference in 

light intensity, (with regard to this see the larva's orientation 

with two horizontal lights reported in the introduction), 

Izt1ie case of the first alternative where the turning reaction 

decreases in intensity to a particular point, we should expect the 

larva to describe a path in a smooth spiral which, having once reached 

a maximum diameter, expands no further (see for example fig, 10.2a), 

In the case of the second alternative, namely of two distinct 

reactions, we should expect the larva's path to form two distinct 

spirals with a sharp difference in the increment of turning as illustrate 

in fig, 10,2bs first a series of narrow circles until the exhaustion 

of the sharp turning reaction and then a series of wide circles during 

the wide turn reaction, 
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Larva's paths predicted from the hypotheses of 

single orientating reaction 

two 	orientating reactions 

Fig. 10.2 
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Ezperirrit (10,2). A grouj of 25 iarva or tbe 	y c.'1grtion, 

was blinded: 10 on the right side, 10 on the left and 5 on both 

aides, These latter were used as a control group. As no kind of 

paint will stick sufficiently well to the larva's skin to make an 

efficient blindfold, the optic nerve was out, The technique used 

was that described by Boiwig (1946). The larvae were washed in 800 

alcohol and. anaesthetized with ether vapour. The instrument used 

was a tungsten wire sharpened by electrolysis to a point of I0..12p 

xici the point slightly "bar-t- The larva's skin was penetrated from 

above between the vhotoreceptors and the posterior end of the 

pharinea1 skeleton. Along this part of the skeleton and attached 

to it run the photoreceptor fibres to the brain. The point of 

the instrument was carefully moved up and down along the whole width of 

pharyngeal skeleton scratching it, Particular care was taken not to 

damage the muscles that run along the skeleton. The operation was 

carried out under a binocular microscope with X40 maification, The 

larvae were then allowed to recover and tested the following day under 

a vertical diffuse light. A larva's path was traced with a pencil 

for two to three minutes in order to record it. 

The results showed that of the 5 larvae blinded oall both sides, 

only one showed an approximate orientation when tested under a 

horizontal directional light, while the other 4 gave no sign of being 

able to orientate correctly thus demonstrating the efficiency of the 

blinding operation. 

Of the 20 larvae blinded on one side only, 12 turned 'correctly' 

towards the blinded aide and the others had to be eliminated. The 

paths followed by the 12 successfully operated larvae do not show any 
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tmäency to follow one or the other expected kind of spiral, As 

illustrated -in the examples reported in fig, 100 path a and 

3UeSt the kind of spiral expected for the hypothesis of a single 

orientating reaction which fades out slowly, while paths Z. and 

suggests the kind of spiral expected in the case of two distinct 

orientating reactions, So no clear conclusions are possible and 

other kinds of experiments will be needed #  

However as lvae can only crawl towards the light after the 

sharp 'turning reaction has disappeared, (exhausted or lowered in 

intensity, whichever may be the case) when they are inside an alley, 

our main problem is to know to what the disappearance of the sharp 

turning reaction is due* It may be that the resolution of this 

problem will throw some light on the question as to whether 

the sharp turning reaction and the wide turn are two distinct reactions 

or two phases of different intensity of the sane reaction. 

To return to the conclusion reached in the previous experiments, 

it is possible to any that the exhaustion or waning of the turning 

reaction is the process that permits the larva to crawl towards the 

light after some time spent at the end wall of an alley. Now it is 

necessary to consider how the process of the waning of the reaction 

can be explained. 

It is possible to exclude immediately the hypothesis that the 

waning is due to the interference of external stimuli, such as tactile 

stimuli, as in experiment (10.1) no such stimuli were present. The 

hypothesis of photoreceptor adaptation can also be excluded on the 

basis of the experiments in chapter 3 and from the fact that during 

the wide turn the larva has been shown to be still sensitive to light. 
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The bypotheia of "fatigue" (efferent nerve fatigue) reneins to be 

verified and this will be dealt with in the next ohpter. Other 

possibilities for investigation are "intermi thhibitin" and, 

"stimulus satiation". The meaning of these terms will be clarified 

by the results of the experiments, since, as we have already seen in. 

the introduction, they have been used in the literature t* describe 

somewhat diverse or very unclear "internal processes" of the animal. 
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O;ier 11. 

Th!._Mnothelsis  o1 FatiWe 

At the conclusion of the previous chapter, the bypothesis was 

put forward that the waning or exhaustion of the turning reaction 

could be due to a process of fatigie that offects the mu2cle3 or 

efferent nerves as t. consequence of the repetition of the reaction, 

The hypothesis presupposes that the "fatigue" is specific to the 

muscles or nerves of t1ho turning reaction, and does not concern the 

innervation and muselop of other movements of the larva, The larva 

in fact goes an crawling after the waning of the turning reaction. 

As the turning reaction can be elicited by means other than a sudden 

increase in lit intensity (see experiment 9), a way of testing the 

fetigue hypothesis is to try to induce a turning reaction with 

another stimulus soon after it has been exhausted by repetition of 

the light stimulus* In these conditions if the war.ing of the 

reaction is really duo to fatigue, it should not be pGesible to obtain 

a reaction. If the larva does r3act the hypothesis will have to be 

rejeoted. 

We have already seen that the turning reaction alaays follows 

a contracted immobility reaction (see experiment 9),  hence a way of 

inducing the turning reaction with a stimulus other than the increase 

in light intensity, is to induce contracted immobility by touching 

the larva's back. 

Experiment (Ll.l). 	A group of 25 larvae previously kept in a dim 

light was tested the day after migration. The procedure adopted for 
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exhausting the turning reaction was that described in experiment 109  

i.eo the larva was put inside an alley with both ends open and which 

faced a light of 17000d/m2  in intensity. As the larva turned, the 

alley was also turned, so that the larva once again faced the light. 

When the larva stopped turning and started to crawl towards the light, 

it was allowed to proceed for lOoms. (to ensure the exhaustion 

of the turning reaction) and then contracted immobility was induced 

by touching the larva's back with a 20n. "tactile stimulus" (sea 

experiment ). 

The results showed that the average number of turns made 

before the larva started to crawl towards the light was 4.2 and 

average length of time spent in contracted immobility was 13.5 seconds. 

Al). the larvae turned after contracted immobility. One may conclude 

then that the waning of the turning reaction is not due to muscular 

or nervous "fatigue". 

But before accepting this conclusion without further hesitation, 

the following point must be clarified. 

During contracted immobility the larva's head is retracted and 

the photoreceptors covered by the fold of the akin of the 2nd and 3rd 

segments. During this period therefore it is as if the larva was in 

complete darkness. Since in our experiment the stimulus used to 

exhaust the turning reaction was light, the period of darkness during 

contracted immobility will then correspond to a period of non.. 

stimulation. It is known that many reactions once exhausted will 

reappear after a period of non-.stimulation (see introduction), and 

it is therefore possible that the turning reaction observed in our 

experiment after contracted immobility was due to this. To clarify 
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this point I measured the time required by the turning reaction 

to recover spontaneously after a deliberate period of non-stimulation 

i.e#  by lotting the larva crawl in complete darkness after exhaustion. 

Experiment (11.2), 	A group of 30 larvae was tested the day after 

migration. The turning reaction was exhausted in the same way as in 

experiment 11.1. After the larvae had crawled towards the light for 

a distance of lOerneo the light was switched off and the room remained 

in complete darkness except for a dim red light necessary to observe 

the larva's movements. The group of 30 larvae was divided at random 

into 3 sub-groups of 10 larvae each. The larvae of the 3 subgroups 

were allowed to crawl in darkness for a period of 15 seconds, 1 minute 

and 2 minutes respectively. The horizontal light in front of the 

larvae was then switched on again, The number of larvae that turned 

after the light was switched on again after the period of darkness 

was recorded. 

The result was that none of the larvae in the first two groups 

turned at the reappearance of the light and only one larva in the 

third group which had crawled in darkness for 2 minutes did so. We 

may conclude then that the recovery of the turning reaction requires a 

period of non.-stimulation not shorter than 2 minutes. Hence as the 

contracted immobility lasted for an average of only 13 seconds, the 

turning reaction that appeared in the previous experiment (11.1) 

cannot be ascribed to recovery after this brief period of none. 

stimulation during the contracted immobility reaction, 

The fact that the turning reaction can be elicited soon after 

exhaustion by a different stimulus, demonstrates that the exhaustion 
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or waning of the reaction cannot be due to the "fatigue" of the muscles 

or efferent nerves. One must also point out that the results of this 

experiment exclude the hypothesis that the waning is response—specific or 

due to an "exhaustion of the Specific Action 	 as postulated in 

the Lorenz—Tinbergen theory because it is possible to elicit the turning 

reaction immediately with any other kind of tinrulua, Following 

the current terminology we will say that the previous experiment 

demonstrates that the waning is 'stimulus—specific  (see also 

introduction). 

To see whether the recovery of the reaction required a time 

much longer than 2 minutes., experiment 11.2 was repeated with anothex  

group of 15 larvae and the time spent crawling in darkness was 

increased to 3 minutes before switching on the light. After 3 minutes 

of non—stimulation 13 (86G) of the larvae turned as the light was 

switched on. So we can consider the time of non-stimulation necessary 

for the recovery of the reaction as between 2 and 3 minutes after 

complete exhaustion. 
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Chapter 12. 

The Stimulus Satiation Hypothesis 

The waning of a reaction specific to the stimulus (by the 

repetition of which waning has been obtained) is called by some 

authors "stimulus satiation" or "specific stimulus fatigue" (see 

introduction). 	To use these concepts as a working hypothesis 

some further specification seems to be necessary. 

The waning depends on the number of repetitions of (or time 

of continuous exposure to) the stimulus. 	The "fatigue" or 

"satiation" that results from the repetition of the stimulus affects 

the afferent pathways or more centrally located "mechanisms" in such 

a way that the repeated "signals" do not reach the efferent system. 

The formulation of the satiation theory provided by Glanzer (1953) 

is exact and suited to experimental control. 

"Each moment," he said, "an organism perceives a stimulus 

object or stimulus objects, A, there develops a quantity of stimulus 

satiation to A. 

Stimulus satiation reduced the organism's tendency to make 

any response to A. 

As long as an organism remains perceiving A, the amount of 

stimulus satiation it has to A at a given moment, is an increasing 

negative exponential function of time. 

When an organism stops perceiving A, the moment of stimulus 

satiation A •.. is a decreasing negative exponential function of 

time." 

So after an organism has ceased to react to a stimulus 

(complete satiation), to make it possible for the reaction to reappear, 



102. 

a period of non—stimulation is necessary. Conversely, if the 

organism is continuously exposed to the stimulus, the stimulus 

satiation will go on increasing and after it has waned the reaction 

will not reappear. 

This latter implication of the theory offers the possibility 

of testing it. In our case it will be easy to allow the larvae to 

crawl towards the light for quite a long time after the turning 

reaction has been exhausted, and to see whether it will reappear 

again or not. The only example I have found in the literature 

which suggests that a reaction may reappear again after continuous 

stimulation, is reported by Sherrington (1906). He observed that 

the scratch reflex in the dog, if the stimulation is continued 

after the reflex has "vanished" ("fatigued" in his terminology) 

does reappear at irregular intervals after some minutes (Sherrington, 

1961, The integr. Act of the Nary-. Syst. Yale University Press 

1961 edit. pp.  220 and 222). 

Experiment (12.1). The procedure adopted to exhaust the reaction 

was the same as that used in experiment 10. The alley was turned 

until the larvae started to crawl towards the light (intensity 

17000 	The The larva was then allowed to crawl inside the alley 

for at least 30 minutes. If nothing were to happen during this 

period of crawling, the duration of the experiment was to be extended 

to an hour or more. A group of 15 larvae previously kept in a dim 

light were tested the day after migration. 

The results showed that the average number of turnings required 

before the larva started to crawl towards the light was 5.8 and the 

average time employed 95 seconds. The larvae then crawled towards 
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the light for an average time of 5 minutes and 20 seconds (320 

seconds) and then all turned again. After this second burst of 

turning reactions, the larvae once again started to crawl towards 

the light and some time later they started to turn again and so on 

at very irregular intervals for the entire 30 minutes or more. 

Some were observed for an hour. No regularity was observed in 

the length of time intervals during which the larvae crawled towards 

the light, nor in the subsequent number of turnings the larva made 

before starting to crawl towards the light, see the illustrative 

example of the larva's performance as shown in fig. 12.1. 

The most important point about these results is that in all 

the larvae tested, the turning reaction reappeared after exhaustion 

although stimulation was uxi.4nterrupted. So the hypothesis of 

stimulus satiation or fatigue cannot be accepted in this case. The 

above results also provide further proof that the waning of the 

turning reaction is not due to the adaptation of the photoreceptors. 

It is now possible to assert that the process or processes 

responsible for the waning of the turning reaction are located 

neither in the afferent nor in the efferent nervous system. They 

must therefore be more centrally located. 

As regards the nature of this process we have excluded, that 

the waning of the turning reaction may be due to an inhibition by 

external stimuli, as the process occurs in the absence of any 

stimulus other than light. It cannot be due to the "exhaustion" 

of a Specific Action Potential as the reaction can be elicited, 

soon after waning, by other stimuli as has been shown in experiment 

10. The process of waning although specific to the stimulus is not 

itself due to a stimulus fatigue or stimulus satiation as shown in 

the previous experiment (11.1). 
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Before putting forward other hypotheses more information 

seems to be required particularly with regard to the "stimulus 

specific" characteristics of the waning process. In other words 

is the waning process influenced by other stimuli that impinge on 

the animal at the same time as the one that is being repeated? 

Experiment (12.2). 	A group of 40 larvae was tested the day after 

migration. 20 larvae were tested with the procedure used in the 

previous experiments: a dry alley in front of a light 1700cd/m2  in 

intensity. The other 20 larvae were tested in an alley paved with 

filter paper that had. been soaked in water: a "wet" alley in front of 

the same light. In both cases the number of turns before the larva 

crawled towards the light was counted. 

The results show that the stimulus "water" or high humidity 

strongly influenced the process of the waning of the turning reaction. 

The average number of turns made by the larvae in the dry alley was 

3.7 while in the wet alley the number was 13.5.  The difference is 

statistically significant (t test p  <.001). Thus the presence of 

the high humidity substantially increased the number of turning 

reactions required to exhaust the reaction. 

These results offer the possibility to test further the hypothesi 

that the waning of the turning reaction is the same phenomenon as 

that which occurs inside the blind alley (see chapter 2). If the 

time that the larvae spend at the end wall of a blind alley is determine 

by the time required to exhaust the turning reaction, then the time the 

larva spends at the end wall of a blind alley will also increase if the 

larva is stimulated with high humidity. 
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Experiment (12.3). 	The above prediction was tested with a group 

of 20 larvae that were allowed to enter a blind alley 2cms. wide 

whose floor was paved with filter paper soaked in water. The 

horizontal light in front of the alley was again 1700cd/m2, A 

control group of larvae of the same breeding and age as the experimental 

one was tested under the same conditions but with a normal blind alley 

with a dry floor. The time spent by the larvae at the end wall in 

the two situations was measured (the number of turning reactions 

cannot be counted as the larva's turnings at the end wall are not as 

clearly defined as in an alley with both ends open. In the oen 

alley however there is a direct correspondence between the number of 

turnings and the time employed). 

The results showed that the average time spent at the end wall 

in the wet alley was 186 seconds, significantly higher than the time 

spent by the control group in the dry alley which was 56.5 seconds 
(t test p< .001). Once more the hypothesis that what occurs at 

the end wall of the alley is a waning of the turning reaction is 

confirmed, 
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Chapter 13, 

The General Arousal Hypothesis. 

The effect of high humidity on the waning of the turning 

reaction described in the previous experiment suggests the hypothesis 

that larva's reaction is due to a state of general "arousal" or an 

increase in "reactiveness", and that the waning of the reaction is 

due to a spontaneous fading of the level of arousal or reactiveness 

to a normal state, Hence the higher the level of arousal the longer 

the time of fading and the time during which the animal reacts. 

This hypothesis has been used by various authors to explain different 

behaviours in different animals, but the evidence obtained by 

behavioural and electro-physiological experiments is rather uncertain. 

(See for example the recent review of the subject by Hinde, 1966). 

Before testing the hypothesis only the evidence for and against 

in our particular case will be considered. 

i) 	In chapter 9 we saw that the turning reaction can be elicited 

not only by directional light but also by vertical and diffuse light, 

and it always appears at the end of a contracted immobility reaction. 

The characteristics of the turning reaction made me describe it as 

an "exploratory" reaction, which takes the form of "random turning" 

when the larva had no possibility of orientating itself but "directed 

turning" when the larva could orientate. There is then no difficulty 

in ascribing the reaction to increased "general arousal" induced 

in the larva by a change in stimulation, The hypothesis seems 

plausible and it implies that the state of arousal will be higher if 

there is more than one type of stimulus affecting different types of 



107. 

receptors. Not only high humidity therefore but also other kinds 

of stimuli will have the effect of increasing the level of arousal 

and the consequent number of turnings necessary to exhaust the turning 

reaction to light. 

ii), We have seen in chapter 10 that the number of turning reactions 

before waning is approximately equal even with large differences in 

the intensity of the directional light. So we have to suppose that 

the effects on the waning process of increasing the intensity of one 

stimulus are different from the effects of adding a second typo of 

stimulus. If two different stimuli are added together, the number 

of turning reactions to light is increased before waning. 

Moreover if the waning is specific to the repeated stimulus, 

as demonstrated in chapter U, it cannot be due to the fading of 

'general arousal' as this process will affect the animal's reactiveness 

to all kinds of stimuli and not only to the one that has been repeated. 

To overcome this difficulty it may be supposed that arousal is not 

general but specific to that particular stimulus. This restriction 

in the hypothesis does not resolve all the problems because if we 

suppose an arousal specific to the stimulus, we cannot explain how a 

second and different stimulus can influence the waning process of the 

reaction to the first, e.g*  the effect of high humidity on the waning 

of the turning reaction as demonstrated in the previous chapter. 

iii) Another difficulty in the arousel hypothesis comes from the 

results of experiment 12.1, whore the turning reaction reappeared after 

exhaustion even in the presence of an uninterrupted stimulus. If the 

hypothesis supposes that the arousal and consequent turning depends 

on the change in the stimuli or input level, these results cannot be 
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explained. The reappearance of the reaction in constant conditions 

can only be explained by postulating an additional "spontaneous" or 

endogenous arousal. Namely a chancing state of alertness that 

although influenced by external stimuli, has its basis in an 

endogenous rhythm of high and low reactiveness. I will deal further 

with this hypothesis in experiment 13.3. 

Experiment (13.1). 	To test the hypothesis formulated in (i), 

namely to see whether stimuli other than high humidity may increase 

the number of turning reactions to light before waning, I used as a 

second stimulus in conjunction with light "high temperature". 

Three groups of larvae with 20 larvae in each group and all 

of the same age and breeding, were tested as follows the day after 

migration. 

Group 1 was used as a control group and tested for the waning of 

the turning reaction in the usual way as described in chapter 10. 

The light intensity was 1700cd/m2  and the environmental temperature 

was 24 ± 10C. 

Group 2 was tested in the same way and in the same conditions as 

group 1 except that the floor of the alley was kept at a constant 

temperature of 34 ± 10C. This was obtained by putting the alley 

on a metal box heated by a bulb inside it. Before starting the 

experiment the temperature of the alley floor was regulated by counter-

balancing the heat accumulation of the bulb by opening ventilation 

fissures (heat dispersion) in the box. In this way when the larva 

was put inside the alley it had to face not only a sudden increase in 

light intensity but also a sudden increase in temperature. 
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c) The larvae of group 3 were tested in the same way as group 1, 

but before being put in the alley they were put for 2..3 seconds on 

a hot plate 60.7000. As we have seen in chapter 6 this is a very 

strong stimulus and induces in the larva convulsive reactions or 

"canvulsiori&". 

Following the hypothesis the larvae of group 2 were expected 

to have a higher number of turning reactions before waning, and those 

of group 3 a higher number than those of group 2. In all cases 

the number of turnings before the larva crawled towards the light 

for at least lOomso  was recorded. 

The results show that the average number of turnings before 

waning of the first group was 601; that of group 2 tested at a 

higher temperature 11.7 (the difference is significant t test p<.00l). 

The average number of turnings in the third group stimulated with an 

even higher temperature was however 0.6. Some larvae (9) did not 

turn at all but went straight on towards the light when put in the 

alloy and the others turned only once or twice. The difference in 

the result between the larvae of this group and those of groups 1 and 

2 is also significant (t test p <.001). 

While the results obtained with the larvae in groups 1 and 2 

support the hypothesis of general arousal, those in group 3 seem to 

cast some doubt on it. Discussion of this discrepancy will be delayed 

until some other experiments have been described to give a complete 

picture of the phenomenon. 

Experiment (13.2). 	In (it), from the discussion on the arousal 

hypothesis the necessity emerged for further experiments on the problem 
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of the "specificity to the tirnu1u" of the waning process. 	I 

checked whether the waning is specific also to a particular intensity 

of the stimulus and not only to the kind of stimulus by whose 

repetition the waning has been acoop1ished. 

2 groups of 20 larvae in each, of the same breed and age, were 

tested for waning in the way described In the previous experiment 

under the following conditions. 

Group 1 was tested with a directional light 1700cd/m2  in 

intensity. 

Group 2 was tested in the same conditions as group 1 except 

that the directional light was 806d/m2  in intensity, After the larvae 

of this second group had crawled towards the light for the usual 

distance of lOoms, (after the waning of the turning reaction), the 

directional light was increased from 80 to 1700 cd/rn2. 

The number of turnings before the larva started to crawl 

towards the light was recorded in both situations. 

The results show that the average number of turnings in group 

1 under the 1700ccVm2  light was 5.2. The average number in group 2 

under the 80cd/ni2  light was 5.8. The difference between these results 

is not significant (t test p .>.5), and confirms the results in 

chapter 10 namely that the number of turnings or the length of the 

waning process is approximately the same regardless of the light 

intensity. 

When the light intensity of group 2 was raised from 80 to 

1700cd/m2  soon after the first waning, there was a supplementary 

average number of turnings of 4.1, before the larvae again started to 

crawl towards the light. The difference between the number of turnings 
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line of significance, so I rated the test with another 10 larvae. 

A1t1ouh the difference was again sxia1]. it was significant (t test 

P = .01). There was no correlation between the two results of the 

larvae in group 2 (r = .16). 

The important point about this latter result is that it 

indicates that the waning process is not only specific to the stimulus 

but also to the particular intensity of the stimulus, since the 

reaction once exhausted with a low intensity stimulus can be induced 

again with a more intense stimulus of the same kind, (I also tried 

lowering The light intensity after waning achieved with higher 

intensity, but the larvae did not react* ) 

Those results reinforce the objections to the theory of 

general arousal and suggest that arousal (elicitation of the reaction) 

and waning are not two phases of the came process but two different 

processes involving different central mechanisms. It seems in fact 

more plausible to suppose that waning is due to a process of 

"internal inhibition" that affects the incoming signals, or to a 

"mechanism" that sets the threshold of the reaction at a certain level 

of stimulus intensity for any particular stimulus that has been 

repeated. 

The "internal inhibition" hypothesis is only tentative and much 

may depend on the following discussion and the following experiments 

on "spontaneous arousal" 

As regards the "arousal" phenomenon already referred to earlier 

in this chapter in (iii), I must make a brief digression and go back 

to examine some observations made during the previous experiments that 
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seen diro Ly relevant to the pre3cnt rocie, 

I nave altaUj poiAted out the great variability in the number of 

rptitions needed to exaust the turning reactions in different 

larvae. These range from 2.-3 in sore larvae to 15-.20 in others 

(see experiment 10.la). 

The number G± turnings to exhaustion in one trial is not correlated 

to those in a subsequent trial. Hence the behaviour of larva in 

this respect is not predictable from one trial to another (see 

experiment 10.lb). 

The average number of' turnings before exhaustion in one group of 

larvae is sometimes significantly different from that of another group 

of the same age and kept, at least apparently, in the same conditions 

(see experiment lO.lo). 

In an attempt to have further information on the variability 

of the larva's reaction naning behaviour, I nsasured the performance 

of larvae every day from the day before migration to the day of 

pupation. 

Experiment (13.3). 	A group of 20 larvae was separated from the 

common feeding container and each larva was put into a separate 

container with its own food supply. The larvae were kept in a dimly 

illuminated aivironment with a diffuse light of 0.5cd/rri2  and at a 

temperature of 24 ± 100. The number of turns to exhaustion was 

tested in the usual way (sea experiments 10, 11, 12) each larva being 

given a trial every 24 hours until it became a pupa. When turning 

was exhausted larvae were allowed to crawl towards the light for 

lOems, before ending the trial for that day. 
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The results are reported in figs. 13.3a  and b. They show 

how the larva's performance changed from day to day and statistical 

tests reveal no significant trend over the days up to pupation. 

This variability in the larva's performance even in constant environ-

mental conditions reminded me of the behaviour of the larva crawling 

inside the wheels of experiment 2 in Part 1. 	In that experiment the 

larvae were kept in constant conditions throughout the period from 

migration to pupation. The larva's crawling activity alternated 

irregularly with periods of resting or very slow activity. Both 

these behaviours, the varying number of repetitions needed to "inhibit" 

the turning reaction and the variation in the crawling, both of which 

take place while the environmental conditions are kept constant, are 

difficult to explain unless we suppose the larva to be varying in 

some spontaneous, "endogenous" state of general activity. 

As the activity rhythm of larvae inside the wheels when 

illuminated was quite different from that of larvae in similar 

conditions but in darkness (see experiment 2, chapter 2), it follows 

that the endogenous activity rhythm can be influenced by external 

conditions. It seems then that the external conditions do have a 

long term effect in the sense that they not only induce a particular 

effect (or reaction) on their appearance, but also may modify a 

larva's activity rhythm which thus influences the effect of subsequent 

stimulation (or changes in the external conditions), 

It is desirable to check these conclusions and to determine 

how the stimuli that induce the turning reaction inter-act with a 

particular activity state in a larva and how the activity rhythm 

influences the reappearance of the reaction after waning. 
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In the following experiment, the conditions during the test 

for waning and reappearance of the turning reaction will be kept 

constant, while the conditions before the test will be varied in 

such a way as to have very "active" or very "depressed" larvae and 

eventually larvae of an intermediate activity level. 

We have seen in experiment 2 that larvae kept in darkness 

inside the wheel, after a delayed initial burst of crawling activity, 

showed very little movement, while the larvae exposed to light after 

an initial burst of crawling activity soon after they had been put 

inside the wheels showed rest and crawling at irregular intervals. 

If the turning reaction depends on the general activity, 

we should expect high reactiveness (greater number of turning 

reactions) in larvae exposed to intense light. A state of high 

activity will be more probable in larvae exposed to light for a 

period of time not exceeding the first burst of activity inside the 

wheels, i.e. about 4-5 hours. 

A low state of reactiveness is expected in larvae that have 

been kept in darkness. This state will be more probable in larvae 

kept in darkness beyond the period when the larvae inside the wheels 

showed the initial, irregular burst of activity. 

Experiment (13.4). 	Three groups with 15 larvae in each were tested 

for the waning and reappearance of the turning reaction under constant 

conditions as follows. 

a). Group 1 was kept exposed to a vertical light of 1700cd/m2  in 

intensity for 3-4 hours before being tested with a horizontal light 

of the same intensity. 
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Group 2 was kept in complete darkness for 24 hours before the 

test. 

The containers used for both groups 1 and 2 were glass dishes lOoms, 

in diameter containing no sawdust. 

As a check the larva of group 3 were kept in a container with 

sawdust for 3-4 hours before the test. As expected from the results 

of experiments reported in chapters 7 and 8, these larvae although 

kept in darkness do show some activity, namely that of pupation 

site exploration, For this reason larvae of this group might be 

expected to represent an intermediate state of arousal between that 

of groups 1 and 2. 

All the conditions during the test were the same for all three 

groups. The horizontal light was 1700cdJm2  and the environmental 
temperature 24 ± 10C. The larvae of groups 1 and 2 were observed 

for 15 minutes and the larvae of group 3 for 30 minutes, as this 

was suggested by the initial results of the test. In all three cases 

the number of turnings, the time required, and whether the reaction 

reappeared or not was recorded. 

The results are reported in tab. 13.4 and show that the average 

number of turnings before waning in group 1 is 9.2 and is significantly 

higher than the number of turnings in group 2 and 3, of 5.0 and 4.5 

respectively (U test P<-001). The difference between groups 2 and 
3 is not significant. The time required to make the turnings is 

approximately proportional to the number of turnings and reflects 

the same significant difference (see tab. 13.4 and figs. 13.4a and b). 

After waning the larvae started to crawl towards the light. 

In group 1 the turning reaction reappeared spontaneously after an 



Larvae Ss Gen.Activ. 

Groups N. level 

1 	15 	high 

2 	15 	low 

3 15 medium  

Reaction waning 

N. turns 	time 

I 	Xsec. 

	

9.2 	226" 

	

5.0 	102" 

	

4.5 	90"  

Time before 

reappearence 

X sec. 

400" 

Waning and reappearance of turning reaction with continous 

stimulation in larvae at different levels of general activity. 

Tab. 13.4 
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average time of 84 seconds and continued to reappear at irregular 

intervals during the 15 minutes of the test (see fig. 13.4a). 

Among the larvae of group 2 no turning reactions reappeared 

during the subsequent 15 minutes of the test and the larvae continued 

to crawl towards the light for the total duration of the test 

(see fig. 13.4b). In a few cases only where observation was extended 

beyond the duration of the test, did the turning reaction reappear 

after 30 minutes or an hour. 

In group 3 the turning reaction reappeared after an average 

time of 6 minutes 40 seconds. This result is significantly different 

from 'both that of group 2 and that of group 1 (U test p.< .001). 

To see if there was any regularity in the subsequent reappearance of 

the turning reaction, these trials were continued for 30 minutes, 

but no regularity,  appeared (see fig. 13.4c). 

The results on the whole confirmed the hypothesis that the 

larva's state of activity depends both on a spontaneous (or endogenous) 

activity rhythm and on the conditions in which the larva has been kept 

before the test. The larva's activity not only determines the 

number of turning reactions required to vanish the reaction, but also 

the subsequent reappearance of the reaction after waning. 

With a high level of activity we have a high number of turning 

reactions before waning, short intervals during which the larva 

crawls towards the light and then the reappearance of the turning 

reaction for a period that may be longer than that of the first waning 

(see fig. 13.4a). Other periods of crawling towards the light and 

turnings may follow at irregular intervals. With a low level of 

activity we have a low number of turnings before the first waning of 
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1 	 5 	 10 	 15' 
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1 	 5 	 10 	 15 

i 	 5 	 . 	1•0 	 15' 
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Examples of turning reaction's waning and reappearance in highly 

excited larvae. 	1 turning and time spent in doing it. 

Fig. 13.4 a 
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the reaction and long periods of crawling towards the light (see 

fig. 13.4b). The situation is roughly intermediate with an 

intermediate level of activity (see fig. 11.4c). 

In conclusion we can say that the results obtained from the 

experiments reported in this final chapter can be explained if the 

general arousal hypothesis is modified and integrated with two 

other hypotheses previously proposed, namely that of an éndóénous 

activity rhythm which would explain the variation of larva's 

behaviour in constant conditions, and that of an inhibitory process 

which would account for the fact that the waning is specific to 

the type and intensity of the stimulus that is being repeated. The 

whole process of the waning of the turning reaction can then be 

described as follows. 

The larva's behaviour is regulated by a basic endogenous 

and irregular activity rhythm. This is shown by the variations in 

the larva's activity in constant conditions and by the fact that the 

results of subsequent performances of the larvae in the same test 

show no correlation. A similar endogenous activity rhythm was also 

postulated by Schleidt (1965) who proposed a theoretical model to 

account for the spontaneous reappearance of the "gobbling" call of 

turkeys kept in constant conditions. The basic function of his 

model is a variable fluctuating at random of Gaussian amplitude 

density. 

This endogenous rhythm may be influenced by environmental 

conditions as shown in experiment 13.4. The larva's reactiveness 

under a horizontal light is determined then not only by the new 

stimulus but also by the pre—experimental conditions and by the level 
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of apontaneowi activity at the moment when the light is switched 

on. 

If together with light another stimulus activates a different 

receptor, this will increase the larva's reactiveness to light as 

shown in experiments 12 and 13.1, where high humidity and heat 

increased the larva's reactiveness to light. This resembles the 

situation described by Dethier (1965) who observed that stimulating a 

water satiated blow—fly with sucrose caused the animal to react with 

proboscis extension when stimulated with water, a stimulus to which 

the fly was previously unresponsive, Medioni (1964) discusses 

other evidence on the effect that arousal via one set of sense organs 

may influence an insect's general reactiveness. 

That the effect of adding other stimuli may be more complex 

than a simple increase in reactiveness, is shown by the results of 

experiment 13.1 where the larvae reacted very few times or not at all 

to light when previously stimulated with very hot objects, It may 

be that in this case the stimulus was too strong and disrupted the 

larva's behaviour, (We have already seen in chapter 6 that such a 

stimulus induces "convulsions" in the larva). But it may be that there 

are other intervening variables in the process. In any case it 

does not seem to invalidate the main hypothesis that two stimuli can 

summate to increase a larva's reactiveness. 

When the larva is stimulated with a horizontal light, the 

turning reaction follows and at the same time a process of internal 

inhibition is set up which affects the larva's reactiveness to the 

stimulus, but does not affect its reactiveness to other stimuli. 
This is shovni by the fact that the waning is specific to the stimulus. 
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L. repetition of the stimulus the inhibition increases until the 

larva no longer reacts as if the reaction threshold has been raised 

and sot at the particular intensity of the stimulus that is being 

repeated. This would 1"±t in with the results of experiment 13.2 

which demonstrated that the waning is specific also to the intensity 

of the stimulus. 	(The fact that the waning is specific to the 

intensity of the stimulus, while the excitatory effect of the stimulus 

is approximately the same regardless of large differences in the 

intensity of the stimulus (see experiment 14.2), is a further reason 

for considering excitation and waning as two distinct and separate 

processes and not two .aspectsof the same process as supposed by the 

general arousal hypothesis). 

The time required by the process of inhibition depends on the 

level of general activity of the larva, longer with highly excited 

larvae and shorter with unexcited .larvae as shown in experiment 13.4, 

A similar characteristic of the waning process is reported by 

Prechtl (1958), With regard to the waning of the head turning 

reaction in infants, he observes that wide awake babies react longer 

than drowsy ones. He also postulated a. central inhibitory process 

to account for the waning of the reaction. It seems then that the 

process of inhibition is more difficult (i.e, it requires more time 

to stop the reaction) in highly excited animals and is also less 

effective in the sense that its effects last for a shorter time than in 

unexceited larvae. So the turning reaction will reappear in an 

excited larva after a short interval after waning (see fig. 13.4a), 

while in unexcited larvae the inhibitory process is more rapid and 

lasts longer as shown in fig. 13.4b, 
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Following this its retaton, the reappearance of the turning 

rction under continuous stimulation is due to a fading of inhibition. 

As the irregularity in the length of the periods dun 	which the 

larva crawls towards the liht fter successive wanings may be 

accounted for by the irregular osciliatiors in the endoenous activity 

rhythm, the hypothesis does fit our results satisfactorily. 

conclusion 

In chapter 9 the turning reaction of the larva was investigated 

and the stimuli that induce it were determined. The reaction may 

be described as a sharp turning which occurs when a larva is in an 

adequate state of arousal induced by variations in the intensity of 

stimuli to which the larva is sensitive such as light and humidity. 

The reaction also follows whenever a contracted immobility reaction 

is induced. In its character turning resembles exploratory behaviour 

and is random or non—guided turning when the stimulus that elicits it 

offers the larva no way of orientation, but guided or directed turning 

when the stimulus is such that the larva can orientate to it, e.g. 

a horizontal beam of light. 

The hypothesis put forward was tduring the time the larva 

spends at the end wall of a blind alley, a number of these guided 

sharp turning" reactions take place. These reactions through repetition 

become exhausted and so the larva is enabled to crawl towards the light 

and reach the way out. 

The results of experiments in chapter 10 did confirm this 

hypothesis showing not only that the time necessary to exhaust the 

turning reaction is of the same order of magnitude as the time the 

larvae spend at the end wail of a blind alley, but also that in both 
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situations the amount of time required does not depend on the intensity 

of the light (at least over quite a large range of intensity), In 

both situations also the results of the larvae in one trial could not 

be correlated with those of a subsequent trial. 

Later on in chapter 12 it was observed that high humidity 

increases the time (or number of reactions) required to exhaust 

turning. As a control experiment showed that high humidity also 

increased the time the larvae spent at the end wall of a blind alley, 

this was accepted as a further proof that the larva can crawl towards 

the light and reach the way out of the alley because during the time 

spent at the end wall, the turning reaction has become exhausted. 

During these experiments it was noticed that after the waning 

of the turning reaction the larva can still orientate to light in 

a less exact manner which I called the "wide turn" (see fig. 10.1). 

In fact if after the waning of the turning reaction the larva is 

allowed to crawl out of the alley, it does not continue to crawl 

towards the light (as it was doing while still inside the alley), 

but with a "wide turn" it again crawls away from the light. 

In an attempt to see whether the turning reaction and the wide 

turn were two aspects of the same reaction or two distinct reactions, 

larvae were blinded on one side and their crawling path observed 

under a vertical non-directional light (see experiment 10.2). 	The 

results of the experiment did not show clearly which of the two 

alternatives was to be accepted. The evidence drawn from the sub-

sequent experiments of chapters 10, 11, 12 and 13 on the characteristics 

of the process of the waning of the turning reaction, and the fact that 
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the "wide turn" is only oberva1le after the 	of the &erp turn 

to indicate the existence of vimTle mechanism or orientation 

to 11ght 

In thin srse the eharr turning may be described as resulting 

from a state of aic'rtness or "attention." to a pertleular stimulus, 

The rtje turn renits from a state of low alertness curirg which a 

larva does not seen to 'nay much "stter)tion" to a particular etimulus 

(while its alertness to other stimuli has not been influenced by 

the wririg process), The wide turn is then a low intensity 

c,ricrt-Cl.ting reaction combined with crawling, 	It appears only after 

the sharp turning reaction has been exhausted, During this low 

intensity orientating reaction, the larva can craw). towards the light 

when "oompel].cd" to do so by the alley's walls which it would not 

have been able to eccomnlish prior to the exhaustion of the sharp 

turning reaction. 

The main problem then was to determine to what the disappearance 

of the turning reaction Was due. The hypothesis of "interference" 

by other external stimuli was excluded because the waning occurs in 

the absence of any stimuli other than light, In chapter 11 the 

hypothesis of muscle and efferent nerve fatigue was experimentally 

excluded as well as that of the exhaustion of 'Specific Action 

Potential', since the turning reaction can be elicited with a different 

stimulus soon after waning, In chapter 12 the hypothesis that the 

waning of the reaction was due to a process of stimulus satiation or 

fatigue, or even ot receptor adaptation was excluded, as the reaction 

rearpeared. some time after exhaustion even if stimulation was not 

interrupted. 
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From those results it was inferred that the process or processes 

responsible for the waning of the reaction were located centrally. 

The characteristics of the process as they emerged from the experiments, 

indicated also the complexity of the phenomenon. In chapter 13 other 

characteristics of the waning process were described and a hypothesis 

put forward that fitted the experimental results. 

The main characteristics of the turning reaction and its 

waning process can be summarised as follows* 

The number of turnings to exhaustion is higher (a) when in 

addition to light a second stimulus impinges on the larva and 

(b) with highly excited larvae (see experiments 12.2, 13.1 and 13,4), 

The number of turnings remains approximately the same whether the 

reaction is induced by low or high light intensity (see experiment 

13.2). 

The turning reaction can be elicited soon after waning by a 

stimulus different from that which has been repeated in order to 

exhaust it (see experiment 11.1), or with the same stimulus at a higher 

intensity (see experiment 13.2). The waning is specific to the kind 

and intensity of the stimulus. 

If, after the waning of the reaction, the light stimulus is 

interrupted for 23 minutes and then switched on again, the turning 

reaction reappears (see experiment 11.2). 

The turning reaction reappears spontaneously after exhaustion 

even if stimulation has not been interrupted. The time required for 

the reaction to reappear under continuous stimulation is longer than the 

time required if stimulation is interrupted. The average time is 5 

minutes but it may be much longer or shorter with highly excited or 
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"depressed" larvae respectively (see experiment 13.4). 

These characteristics of the turning reaction and its waning 

process can be explained if we suppose that (a) a basic endogenous 

and irregular rhythm determine the larva's behaviour; (b) that this 

rhythm can be influenced by the environmental conditions of the larva, 

That is that the stimuli to which :the  larva is sensitive not only 

elicit the appropriate reaetion:on their appearance but also influence 

the general activity rhythm; (a) that the waning of the turning 

reaction is due to a central or internal inhibitory process which 

sets the threshold of the larva's reactiveness at the particular 

intensity of the stimulus that is being repeated. 

The interaction of these three processes, endogenous activity 

rhythm, stimulation or excitation and central inhibition, determine 

the larva's behaviour which we have examined in this third part, namely 
the larva's behaviour in relation to the stimulus light. The main 

problem with which we started - how a larva succeeds in getting out 

of a blind alley and crawling towards the light has, it seems to 

me, been adequately clarified. 

In the general conclusion the results of this research will 

be discussed in relation to the main general problems described in the 

introduction. 
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wmnary and Geexa. conclusion 
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The core problem of the present research was the "behavioural 

adaptiveness" of orientating reactions in invertebrates 	In certain 

situations some animals persist in the same reaction regardless of its 

results. Others instead stop reacting after a while and revert to 

alternative behaviour. A striking example of the first case was 

referred to in the introduction. It concerns the caterpillars of 

Euproctis which. die of starvation inside a test tube while striving 

towards the light,when at the other end of the test tube there are 

plenty of leaves, Loeb (1905). The so called "trapping effect" that 

light has on many insects (Verheigen, 1958) is a further instance. 

A typical example of the second case is reported by ICalmus (1936). 

A stick insect which climbs a stick by negative geotaxis, once it has 

reached the end of the stick, will soon turn back. (See also 

Deegener, 1921 and Verbeijen, 1958). 

The hypotheses proposed by the various authors to explain this 

kind of behaviour seems rather unsatisfactory. For example Kalmus, 

with regard to the stick insect, speaks of "situation eriebniese", 

which is not very clear, while Verheijen (1958) explains Loeb's 

experiment and the artificial light trapping effect in general as an 

"abnormal feedback resulting from the abnormal angular light distribution 

around a lamp". An explanation which is also unsatisfactory (see 

Dufay, 1964). 

It seemed to me that the problem is strictly connected to the 

general problem of short term reaction waning which in recent times 

some authors have investigated mainly however in vertebrates (see for 

example Hide, 1954, 1966 and Prechtl, 1956). As some authors consider 

the orientation reactions or tropisms of invertebrates as completely 
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distinct from their "instinctive" behaviour (Viaud, 1956) and 

short term waning seemed a characteristic only of the "instinctive 

reactions", the validity of such a distinction was examined and the 

possibility of investigating tropic reactions in the light of this 

recent research on short term reaction waning was examined. 

From a review of the literature on the fields both of 

orientating reactions and short term waning phenomena, it emerged 

that there are no valid reasons for distinguishing between orientating 

reactions or tropisms and "instinctive reactions"*  The problem of 

the short term reaction waning may be investigated by applying with 

advantage the same methodological approach in both eases. 

The opportunity of investigating the problem was provided by a 

particular instance of the adaptivity to the situation in the orientating 

behaviour of the fly larva 5arcohaga barbata (Zanforlin, 1965). 

The larva orientates by negative phototaxis and can be induced to 

enter a blind alley while crawling away from a horizontal directional 

light. When the larva has reached the end wall of the blind allay, 

it does not the there as might Loab's caterpillars, but after having 

spent some time in attempts to overtake the and wall, it crawls back 

down the alley towards the light and reaches the way out, Once 

outside the alley it again turns and crawls away from the light outside 

the alley. 

Our problem then was to determine that happens during the time 

the larva spends at the end wall which induces it to crawl towards the 

light and so reach the way out. 

The experiments reported in Part 1 were done to obtain a more 

exact description of the larva's performance when faced with a blind 
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alley and to cheek three possible explanatory hypotheses for the 

larva's behaviour. 

- 	The length of time the larva spent at the end wall before 

crawling towards the light varied from 30 seconds to 2 minutes, 

Very seldom did a larva spend more than ten minutes, The time spent 

'was approximate.y the same irrespective of large variations in light 

intensity. 

In a blind alley 1Oc. long the majority of the larvae reached 

the way out on the first trial, but with longer alleys some larvae 

did not reach the way out and turned back towards the end wall, All 

the larvae having once reached the way out ceased to crawl towards 

the light am1 turned away from it once more. 

The hypothesis tested in chapter 2 proposed that the behaviour 

of the larvae could be explained as a waning o "exhaustion" of a 

tendency to crawl away from light. But experimental results did not 

support this hypothesis. it was shown there that a larva continuously 

exposed to light may crawl for many hours (14 hours on average) before 

stopping. This is too long a time to account for the larva's 

behaviour inside the blind alley where the larva starts to crawl towards 

the light only a few minutes after reaching the end wall, 

- 	The hypothesis that the larva's behaviour could be explained by 

a process of photoreceptor adaptation was also excluded by experiments 

reported in chapter 3. There the larva turned away from the light 

after it had reached the way out of the alley Inepite of the light 

intensity being kept constant while the larva was crawling towards it. 

- 	The hypothesis that the light avoidance reaction may be temporarily 

inhibited by the tactile stimuli provided by the end walls, was tested in 
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chapter 4. The experiments did not show results clear enough to 

support or exclude the hypothesis. They rather eugested that tactile 

stimuli and a certain sort of light adaptation, different from 

receptor adaptation, were involved in the larva's behaviour. During 

the experiments, it was observed that the larva turned round sharply 

whenever it was exposed to a norm-directional diffused light from above. 

No reference was found in the literature to the effeoof tactile 

stimuli or to this sharp turn reaction of larvae in diffused light. 

(This reaction had previously been observed only in larvae faced with 

a directional horizontal light.)  As both these observations seemed 

good threads to follow in order to clarify the larva's behaviour, 

in Part IX I investigated the effect of tactile stimuli and in pert 

III the turning reaction, 

The results of experiments reported in chapter 5 showed that 

the tactile stimuli provided by the end. wall of the blind alley induce 

exploratory behaviour a series of "probinge" that lasts longer the 

higher the density of tactile stimuli provided. In chapter 6 a 

series of further reactions were described which can be induced by 

various kinds of tactile stimuli. 

- 	A mild tactile stimulus on the back induces in a crawling larva 

a cataleptic, "immobility" reaction. 

- 	A stronger tactile stimulus on its back induces a contracted 

immobility reaction. This reaction is also induced when the larva is 

picked up with a pair of forceps. 

Both these reactions disappear If the stimulus is repeated, but 

whereas the lava continues to crawl undisturbed after the waning of the 

immobility reaction, after the waning of the contracted immobility 
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reaction, it shows another reaction which I called "contortions". 

Pointed objects such as needles or hot objects (painful 

stimuli) bring on "convulsive contractions". 

The "righting reaction that appears when the larva is turned 

upside down is induced by tactile stimuli, or more exactly, by loss 

of contact on the ventral surface. 

In chapter 7 it was determined that the exploratory behaviour 

induced by tactile stimuli plays an all-important part in pupation 

site selection, 

- 	Tactile stimuli iarticularly,  those provided by fissures or 

holes, induce the larva to penetrate the ground, under stones or in 

holes. 

- 	The stimulus "back in contact" with a solid object is one of 

the more important stimuli in stopping exploratory activity, 

The intensity of the tactile stimuli also has an effect during 

burrowing because larvae burrow deeper into substrate of low specific 

weight than they do into substrate of high specific weight. 

In chapter 8 I investigated the behaviour of larvae which had 

penetrated holes (tout tubes) to pupate. 

- 	Al). the larvae inside the test tubes pupated facing the open 

end of the tubes, just as those that burrow into a substrate pupate 

facing upwards. In both oases the position of the pupa is of 

advantage to the emerging fly. 

- 	If the tube is closed at both ends (wire net was used in order 

to avoid concentrations of carbon dioxide and humidity), the larvae 

pupate approximately a week later than normal. 
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- 	The experiments dntratoa that the larva' ability to 

orientate towards the way out before pupation and its ability to 

distinguish between "open". and "closed" containers (the latter induces 

a delay in pupation) i due to a complex process of spatio-temporal 

integration of tactile stimuli 2  thich the larva receives ciuring its 

thorough exploration of tho container. 

- 	By syst€tic variation of the iorn and dimensions of the 

containers that induced ;upattoxi delay, I determined the limits of the 

larva's ability to perceive spatial relationships. 

- 	The larva's light avoidance reactions are completely inhibited 

during this complex behaviour of pupation site selection.. This is 

shown by tho fact that larvae will pupate insi1e a test tube racing a 

strong directional light if the open end of the tube is in that 

direction. 

The inhit!tion or elimination of the light avoidance reaction 

in associated with the tactile stimuli provided by a potential pupation 

site such as a test tube or a covered blind alley in which the larva 

remains to pupate but does occur with the tactile stimuli provided by 

an uncovered blind, alley such 	was used in the experiments of Part I. 
So although this investigation proved to be very interesting in that it 

clarified some aspects of the 	behaviour, it did not offer any 

possible solution of our main problem., namely of how the larva can 

crawl towards the light and roach the way out of the uncovered blind 

alley. 

In Part III the investigations followed the second thread 

indicated by the experiments of Part I; the sharp turning reaction. 
The experiments reported in chapter 9 demonstrated that the 
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sharp turnin reaction which the larva nakas under a vertical 1tt, 

may also be iduced by. other sttiuli to which the larva is sensitive 

and always RPTears whenever a eontraetsd reaction is induced. The 

turning reaction may bi dasoribed as an exploratory zmeponea to 

orientate in the "new" environment, This turning rsactin is 

essentially the same as that made when a larva is f*ced With a 

directional light. Th rction induced by a. vertical light is a 

nonu.gnided turning whilst that tnced by a. horizontal light is 

guided. 

The 	thesis that the turning reaction wanes durig the 

time the larva spends at the end well of the blind alley, thus 

enabling te larva to crawl towards U,6 light, was ocarirmed b the 

experiments of ehster 10. These showed that the time required to 

haust the turning reaction with repeated stimulation is approximately 

jusl to the time the larva sponds at the end well before crawling 

towards the light. These experiments al-so show that the larva's 

orientating ability dose not completely disappear after the waning 

of the sharp turning reaction* in fact the larva crewis towards the 

light when eo,eUs6 to do so by the side walls of the alley but once 

outside the alley it can still crawl away from the light by means of 

the lees exact orientating behaviour that I called the "wide turn" 

reaction. 

Once it had been determined that the larva's ability to crawl 

towards the light to reach the way out is due to the waning of the 

sharp turning reaction, the next problem was to determine how this 

particular reaction waning process can be explained. 

The hypothesis that the waning was due to a kind of reaction 

fatigue or to the exhaustion of a Specific Lotion Potential were 
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excluded by the experiments of chapter U. These showed that the 

turning reaction can be elicited by touching the larva soon after 

the reaction has waned through repetition of the light stimulus. 

As shown by experiment 13.2, the waning of the reaction is 

not only "specific to the stimulus" but also to the particular 

intensity of the stimulus; i.eo  the reaction can be elicited after 

waning by a light of higher intensity. These characteristics of 

the waning process are in accordance with the known characteristics of 

short texn waning reactions as described in the introduction, 

The hypothesis that the waning was due to a process of 

"stimulus satiation" was also excluded by the experiments of chapter 

12, as the reaction reappears after waning not only if the stimulus 

is interrupted (for 23 minutes) but it also reappears, after 5 minutes 

on average, even if stimulation is continued. 

The hypothesis that the waning process could be explained by 

a "fading out" of a process of general arousal was not entirely 

supported by the results of the experiments reported in chapter 13, 

In particular the fact that the waning does not affect all the larva's 

activities as a general arousal would do #  but affects only the larva's 

reactiveness in relation to the particular intensity of the repeated 

stimulus, allows no other hypothesis than that of a central inhibitory 

process. General arousal, since it depends on the number of stimuli 

that impinge on the larva and on an endogenous activity rhythm (see 

experiment 13.4), does influence the inhibitory process as regards 

the time required to inhibit the reaction and the duration of the 

inhibition, but it does not affect the specificity of theinhibition*  

The central inhibitory process is to be considered in our case 
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as a process that sets the1nrvaOs reaction threshold at the 

specific intensity of the particular stimulus that is being repeated, 

Three other cases of reaction waning have been considered 

in the present research and a comparison between them may shed some 

more light on the mture of the inhibitory process, The first was 

the waning of the "crawling away from light" of a larva continuously 

exposed to light reported in chapter 2. Here the waning required 

an average time of 14 hours. This is a very long period compared 

to the time required to exhaust the turning reaction and it is 

rather difficult to speak properly of short term reaction waning in 

this case, These observations do however confirm that the light 

avoidance reaction has two components as pointed out in the intro 

duotion, namely "turning away with a sharp twin" and "crawling away" 

where the maintenance of an approximate direction can be obtained 

also by the "wide turn reaction" if there are no obstacles in the 

larva's path. 

The second case of rning re rde the immobility reaction, 

Here waning occurs after few repetitions (10 on average), and a 

relatively short time, 

The third case regards the waning of the contracted immobility 

reaction. Here the waning process was even shorter than that for 

the immobility reaction. It may be interesting to note that in the 

two latter cases where it may be reasonably supposed, that the same 

inhibitory process occurred as in the waning of the turning reaction, 

the larva's reactions that followed the waning were rather different. 

In the case of the waning of the immobility reaction and that of the 

turning reaction, the larva continued to crawl undisturbed after waning 
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even if the stimulation was repeated. Probably after the inhibition 

of the reaction the larva weriton to look fora pupation site. In 

the case of the waning of the contracted immobility reaction however, 

the larva did not revert to its crawling activity, but to a different 

reaction namely "contortions". This, it seems, is a lase of a 

"resetting mechanism" as postulated by Proohtl (1953, 1956, 1958), 

Finally we have an example of non—waning in the case of the 

righting reaction, As we saw in chapter 6, this reaction can be 

elicited hundreds of times in succession without giving any sign of 

decreasing in intensity. This is in line with the recent conclusions 

of Kozak and Westerman (1966) 9  who showed that postural reactions 

are not subject to the short term waning process (in their terms, 

these reactions do not "adapt"), and with their more general concept 

that the waning process requires a longer or a shorter time according 

to the 'functional urgency' of the reaction, (see also Sherrington, 

1906), and the present research is broadly consistent with this idea, 

So far our results do confirm the general characteristics of the 

short term waning process as they emerge from the review of the 

literature reported in the introduction, they exclude some of the 

possible hypotheses examined there and point strongly to the involvement 

of a central inhibitory process. 

As regards the problem as to whether it is the repeated 

stimulation itself or the performance of the reaction that sets up the 

inhibitory process, it is difficult to decide, Preohtl (1958) 

postulated a feed back loop between the efferent nerve fibres controlling 

the reaction and the incoming signals of the stimulus. So the 

inhibitory process should depend on the number of reactions elicited by 
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the stimulus. This hypothesis does not allow a behavioural test 

because even if we prevent an animal from reacting, the efferent 

signals to the muscles will not be eliminated and the inhibition will 

be set up nonetheless through the feed back, A physiological 

experiment involving efferent nerve section will then be necessary. 

frazisket (1963) did a behavioural experiment on the frog whose 

"wiping reflex" he had completely prevented. He observed that the 

animal quickly reverted to a different reaction. It seemed in this 

case that other phenomena also intervened to complicate the issue. 

The hypothesis that the inhibition accumulates with the repetition 

of the reaction and starts to fade away when the animal stops reacting, 

will predict that the time required by the reaction to reappear 

(its recovery time) will be the same whether the stimulation has or 

has not been interrupted after waning (given an equal level of 

general activity in both cases). This prediction was not supported 

by our results (see experiments 11.2 and 12.1). 	In fact the time 

required by the reaction to reappear after waning is longer when the 

stimulation is continued than when it is interrupted (the general 

activity level was the same in both oases as was thown by the equal 

number of turnings taken to exhaustion). If the presence of the 

stimulus affects the "fading out" of inhibition it may well be that 

it also affects the setting up of the inhibitory process which is not 

dependent only on the performance of the reaction. 

Another alternative hypothesis is to attribute the inhibition 

and the disinhibition of the reaction to a central "decision making" 

mechanism, Although attractive, this idea and the discussion of it 

will bring us beyond the limits of the results and evidence obtained 
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in the present research. 

To go back to our initial problem of the adaptability of the 

animal's actions to the situation, one can say that the results of 

the present research have indicated which particular process forms 

the basis of the larva's situation adaptability. The process of 

reaction waning allows the animal to refrain from persisting in a 

"useless" (in relation to a particular situation) reaction, so that 

it can then revert to an alternative behaviour more "adapted" to the 

situation. Although reaction waning as described in the fly larva 

seems to be a fairly general phenomenon in animal behaviour, it is 

by no means the case that every orientating reaction or component of 

can be exhausted by repetition. In other cases the disappearance 

of the reaction may be due to completely different "mechanisms" or 

processes. 

For example the phototropic reaction of Loeb's caterpillars 

inside the teat tubes does not disappear. But Deegener (1921), 

observed that the caterpillars do not die at the end of a leafless 

branch in the natural situation. Li recent experiments, not yet 

published, I have been able to demonstrate that the phototropic response 

of these caterpillars 	inhibited in the absence of tactile stimuli 

on the front part of the animal's body. 

In conclusion then, it is possible to assert that in different 

animals there may be different "mechanisms" that prevent it from 

persisting in "useless" reactions and allow the animal to revert to 

alternative behaviours. It must then be experimentally determined 

what the "mechanisms" in question are, in any particular instance. 
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L'inibizione del fototropismo nelle larve di ditteri 
(sarcofaga e moscone blu della came) 

Ii problema del tropismo e tuttora uno dei pin controversi argomenti 
della psicologia animale; e non e ancora del tutto chiaro cosa si debba inten-
dere per tropismo. Gli studi phi recenti, quelli di FRAENKEL e GUNN (1), di 
RABAUD (2), di VIAUD (3), per citare solo i phi importanti, portano a con-
clusioni troppo divergenti perche sia possibile trovare alcunché di comune 
nelle loro diverse definizioni di tropismo. 

Poiché i lavori degli autori sopra citati, sono basati principalmente su 
di uno studio approfondito di un particolare comportamento tropico di un 
animale in comparazione con simili comportamenti di altri animali, si pensô 
che un diverso metodo di aifrontare ii problema avrebbe portato qualche utile 
chiarimento. Fa parte di uno dei phi recenti indirizzi della psicologia ani-
male (4), ii metodo di cercare di formare un quadro generale, ii phi completo 
possibile, di tutta la gamma dei vari comportamenti e reazioni dell'animale 
prima di soflermarsi su di uno qualsiasi in particolare, e solo in un secondo 
tempo considerare la possibilita di comparare comportamenti simili in altri 
animali. 

Impostata in questo modo la ricerca sulle larve di mosca, uno dei risul-
tati phi interessanti, è stata 'a constatazione che le larve, in determinate situa-
zioni sono in grado di inihire la reazione tropica. Ii modo in cui ciô avviene, 
non è interessante solo dal punto di vista del problema del tropismo ma anche 
da quello phi generale de] problema dell'inibizione, punto cruciale di ogni 
teoria dell'apprendhnento. 

Le osservazioni che riferirô, riguardano ii pericdo di vita della larva, 
che va dal momento in cui queSta ha cessato di nutrirsi al momento in cui 
diventa pupa. In questo periodo di tempo che dura in media cinque o sei 
giorni (ad una temperatura di 200  C), la larva presenta un forte fototropi-
smo negativo; non reagisce a sostanze chimiche od odori né reagisce diret- 
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tamente al calore a meno cl-ia non venga scotrata. Posta neIl'oscurità piü corn-
pleta, continua a muoversi e camminare, seppure phi lentarnente che in pre-
senza di luce; e cessa ogni attività e rimane immobile solo quando oltre ad 
essere nell'oscurità ha tutto il coipo, o anche solo il dorso a contatto di una 
superficie solida (allo stato naturale penetra nel terreno per tre o quattro 
centirnetri, e 11 rimane immobile fino a quando diventa pupa). 

Posta vicino ad una sorgente luminosa (es. una lampada), la larva fugge 
allontananclosi dalla luce in linea retta. A parte il modo di controllare la sua 
direzione orientandosi con la luce già descritto da FRAENKEL e GUNN (1), Si è 
osservato che se mentre la larva sta allontanandosi dalla luce, viene fatta en-
trare in un corridoio cieco (largo 2 cm e iungo 30), quando arriva al fondo 
dell'ostacolo, dopo vari tentativi senza successo per superarlo, essa gira e 
torna indietro camminando verso la luce per un certo tratto (in certi casi os-
servati, fino ad un metro), per allontanarsi poi di nuovo dalla luce. Cioè la lar-
va è in grado di inibire per un certo tempo il fototropismo, in seguito all'espe-
rienza di una particolare situazione.1  

Misurando il tempo che la larva impiega in tentativi per superare Posta-
cob in fondo al corridoio deco, si è osservato che questo è in correlazione in-
versa con la durata dell'inibizione del tropismo. Tanto phi breve è il tempo che 
la larva impiega in tentativi per superare l'ostacolo, tanto phil a lungo cam-
rninerà poi verso la luce; e viceversa se spende molto tempo (4-5 minuti; nel 
caso precedente 15-20 secondi) in tentativi per superare l'ostacolo, cammina 
poi solo per breve spazio (10-15 centimetri) verso la luce. Si è osservato inol-
tre che questo rapporto tra tentativi per superare l'ostacolo e durata dell'ini-
bizione non cambia al variare dell'intensità della luce. L'inibizione del foto-
tropismo viene invece molto facilitata se il percorso che la larva viene costretta 
a seguire durante l'inibizione non punta diritto verso la luce ma devia da 
questa di un certo angolo (30°). 

Ii fatto che la larva inibisca il tropismo dopo un certo nurnero di tenta-
tivi per superare l'ostacolo, è da escludersi che avvenga perch6 la larva si as-
suefa alla luce; perche ii comportamento di fuga dalla luce si osserva anche 
dopo che la larva è stata esposta ad una luce intensa per due o tre ore. 

La teoria della << reactive inhibition >> di HULL (6) per cui il valore del-
l'inibizione è direttamente proporzionale al nurnero di reazioni non rinforzate 
(senza successo), non sembra essere confermata nel caso dell'inibizione del foto-
tropismo delle larve poiché il valore dell'inibizione di queste è inversamente 
proporzionale alle reazioni non rinforzate, ai tentativi senza successo di supe-
rare l'ostacolo. E evidente tuttavia la neressità di approfondire ulteriormente 

1  Un risultato analogo è stato ottenuto da H. KALMUS (5) con larve di Carausius 
Morosus (inibizione di geotropismo negativo). II fenomeno sembra molto comune; è stato 
da me osservato in vane larve di imenotteni, nel1'immagne di Donifora (fototropismo posi-
tivo) e nello stadio pre-imaginale di Cicadella Viridis (geotropismo negativo). 
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l'indagine su questo particolare comportamento della larva di mosca, e soprat-
tutto studiarlo in relazione agli altri cornportamenti delI'animale, prima di 
poter dire qualcosa di pii5 preciso sull'inibizione delle reazioni fototropiche. 
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Gregory (1963, 1965, 1966) has explained the optical illusions of the Muller—Lyer 
type as a misapplication of a perceptual mechanism which he calls "primary constancy 
scaling." This mechanism is brought into action by the depth features of the drawing, 
despite the fact that the texture of the paper makes the observer see the figure as flat. 
It is from the conflicting information about the figure, namely, the depth features 
(three-dimensionality) and the texture (flat), that the well-known phenomenon of 
these illusions arises. 

As Gregory's replies to some criticisms (Brown and Houssiad, 1964; Humphrey 
and Morgan, 1965; Day, 1965; Hamilton, 1966; Wallace, 1966) do not appear to 
satisfy all doubts about his theory, it is opportune to consider in detail certain basic 
points of the theory which have not been raised by previous critics. It seems obvious 
that if primary constancy scaling is set by the depth features of flat figures (Gregory, 
1963), then in order to predict in which figures constancy scaling will enter into action 
and produce illusion, we need an exact definition of depth features. But no formal 
or precise definition is given, nor does Gregory determine unequivocably the circum-
stances in which they occur. What depth features are is not at all self-evident. 
Gregory (1963) speaks of a drawing as having depth features when it is a perspective 
representation or a projection of a three-dimensional object. This does not help us 
very much as any drawing whatsoever may be regarded as the projection of at least 
one other figure in "depth." If, for example, one supposes that Figure ib has depth 

FIGURE I 

[-\  U 1:1 
a 

features because the drawing is the perspective of rectangle Ia, then one must also 
suppose that the square too of Figure rd has depth features because it is the 
perspective of Figure ic, although Gregory (1965), it seems, does not consider a 
square as having depth features. Nor is it possible to solve the problem by making 

* Now at Department of Zoology, University of Edinburgh. 
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a distinction between "typical" and "non-typical" projections of objects, since no 
criteria are given on which to base the distinction. We cannot therefore consider 
perspective as a definition of depth features. 

Gregory's (1965) methods of establishing depth features by presenting self-
luminous figures in the dark to see if the subjects perceive apparent distance, and 
thence deducing whether the figure does or does not have depth features, does not 
indicate what depth features are, and it allows dubious predictions. 

In Figure 2, for example, there are two projections of a cube (Kopfermann, 1930), 
both have oblique lines, and both have an equal number of edges; but in Figure 2a 
the drawing is seen as three-dimensional, whereas in Figure 2b it appears fiat, and it 
makes no difference if the figures are drawn on paper or made self-luminous. In 
which of these • two figures are depth features present and what are they? 

FIGURE 2 

In an attempt to make a prediction, let us consider the two circles of Figure 3. 
When they are made self-luminous they appear as two equal circles at the same 
distance in depth (Zanforlin, unpublished experiments; modifications of illusions to 
be found in Titchener, 1905). Is the conclusion that there are no depth features? 
It is true that there is no apparent distance and so it would seem that there are no 
depth features, and hence no illusions in this figure; but it is also true that this figure 
does give rise to a remarkable illusion. (The point B does not appear to be at an 
equal distance from point A and point C.) And so one could maintain that depth 
features are present as we still do not know what these are. 

FIGURE 3 

AQB CQD 

In the case of the Muller—Lyer illusion, Figure 4a, Gregory (1963, 1965, 1966) very 
clearly points out that with self-luminous figures the "arrows" make the two lines 
appear one nearer than the other. If we remove the arrows, the two equal lines will 
appear at the same distance. So the arrows are supposed to be the depth features. 
If we now draw tw3 simple lines one shorter than the other as in Figure 5,  the shorter. 
of the two will appear further away and the bigger one nearer (Zanforlin, unpublished 
experiments) W uat is it now that causes the apparent distance when no arrows-
depth-features are present? One possible explanation is that Figure 5  is the 
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representation in perspective of two equal lines at different distances. But as far 
as perspective is concerned, Figure 5  is also the projection of two lines of different 
length at the same distance. So we would expect at least 50 per cent. of the subjects 
to perceive this second possibility. But this is never the case with self-luminous 
figures, as all the subjects do, in fact, perceive the two lines as more or less equal and 
at different distances. So having excluded perspective and "arrows" as explanations 
for the apparent distance in self-luminous figures we do not know what brings con-
stancy scaling into action in the case of, for example, the illusion of parallels in 
Figure 6 (Titchener, 1905). 

From the above considerations, it is clear that the theory does not allow exact 
predictions as to which figures will give rise to illusions. But in one particular case 
Gregory gives us an interesting experimental result that makes an exat prediction 
possible. 

FIGURE 5 

FIGURE 4 

FIGURE 6 

In the case of Figure 7  m which the "arrows" are at 900  (vertical) to the horizontal 
segment, according to the results of Gregory's (1965) experiments there are no depth 
features, because with self-luminous figures there is no apparent distance. So we 
can predict that no illusions are possible with vertical "arrows." This prediction, 
however, can be contradicted by the Oppel illusions (Boring, 1941) where some more 
vertical "arrows" are added (see Fig. 8). Moreover, if two horizontal lines are added 
to Figure 7 (are we adding depth features?) in such a way as to make a square, 
Figure ga, we obtain another illusion (Titchener, 1905; Zanforlin, unpublished). 
The line a in the middle of the square appears to be shorter than the external segment 
b despite the fact that they are both equal, the same illusion is obt . imed in the case 
of the circle, Figure 9b, where the diameter appears to be shorter han the external 
segment b. There can be little doubt that these illusions are not 3xplicable on the 
basis of primary constancy scaling since they have no depth featu es. 

FIGURE 7 	 FIGURE 8 
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FIGURE g 

a 

But Gregory's fundamental hypothesis it seems, does not depend on constan 'y 
scaling nor on depth features, but on the assumption that these illusions are perceived 
only when we find ourselves presented with drawings (Gregory, 1963, 1966). It 
follows from this that when we look at real objects in the world, we should never have 
illusions of this type. The following experiments show this assumption to be 
untenable. Figure 10 shows two wooden mats and two sticks. One of the sticks is 
placed so as to form the diameter of one mat and the other is placed between the two 
mats. The sticks are equal in length, but every subject tested declared without 
hesitation that the stick in between two mats appeared to be longer. The pheno-
menon does not change if instead of "flat" wooden mats, two equal balls are used. 
If a subject is asked to make a pile of coins equal in height to the diameter of the coin 
(Figure ri) the pile, when measured, will always be about 30 per cent. too low 
(Metzger, personal communication). 

There is no doubt that our eyes do "deceive" us, not only when we look at drawings 
of the Muller—Lyer type, but even when we look at real objects, for example, the 
books on our desk. 

There is one further observation to be made with regard to "circular illusions," 
Gregory (1963, 1966) believes that a "cultural" influence (namely the fact that we 
live and are reared in houses with corners) plays a part in the perception of these 
illusions. As one piece of evidence, he quotes the research of Segal, Campbell and 
Herskovits (1963) on primitive peoples who are thought to have a "circular culture" 
because they live in round huts with no corners. - These people, according to Segal 
et al. are not subject to illusions of the Muller—Lyer type with figures that have corners 
(e.g. Fig. 4a). The authors ought perhaps to have presented to the primitive people 
not only figures with corners but also figures with curves, as in Figure 4b, before 
drawing any conclusions about cultural influence. For if we assume that the type 
of culture determines the types of illusions, then people that have a "circular culture" 
must have illusions in figures with curves like Figure 4b as we have illusions in figures 
with corners. On the basis of this assumption it is also very difficult to explain why 
"we," despite living among corners, are subject to illusions produced by "circular" 
figures. 

But leaving primitive and civilized people aside, one should remember that it 
has been proved (Warden and Barr, 1929; Winslow, 1933) that even birds are subject 
to illusions of the Muller—Lyer type and it is difficult to assume that their illusions 
derive from the fact that their nests have "corners." 

I would like to thank Dr. A. Manning, Professor F. Metelli, Professor W. Metzger and 
Professor R. C. Oldfield for having read the manuscript and corrected my English. 
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FIGURE ii 

Illusion with solid objects: the coins' illusion. 
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