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Introduction 

The  feeding behav io r  o f  insects, like that  o f  o ther  
animals ,  depends  heavi ly  on  neura l  inpu t  f r o m  their  
chemica l  senses. The re fo re  the chemorecep to r s  o f  insects 
have  a t t rac ted  m u c h  interest  and  the gus ta to ry  sense o f  
blowflies,  and  to a lesser extent  o f  l ep idop te rous  larvae,  
are a m o n g  the best  s tudied c h e m o r e c e p t o r  systems in the 
inver tebra tes  23"6~ These  studies have  concen t ra t ed  on  de- 
t e rmin ing  recep tor  specificities and  sensitivities, wi th  the 
a im o f  e luc ida t ing  the neura l  code  which  governs  food  
select ion behavior .  C o n c o m i t a n t  observa t ions  on the 
s t ructure  o f  chemorecep to r s  have  revealed  their  mic ro-  

76 archi tec ture  . Since there  is no unequ ivoca l  evidence for  
the existence o f  efferent  neura l  con t ro l  o f  insect chemore -  
ceptors ,  mos t  studies on the re la t ionships  be tween  sen- 
sory inpu t  and  insect  behav io r  assume recep to r  act ivi ty  to 
be  solely dependen t  on  s t imulus  character is t ics .  A grow- 

ing n u m b e r  o f  reports ,  however ,  indicate  tha t  r ecep tor  
sensit ivity m a y  vary  depend ing  on deve lopmen ta l  stage, 
feeding his tory  a n d / o r  phys io logica l  s tate o f  the insect. 
Such per iphera l  neura l  changes  and  the processes  which 
regula te  t hem are  the subject  o f  this review. 

Changes in receptor characteristics 

Incons tanc ies  in sensory inpu t  to the centra l  ne rvous  
system (cns) unde r  s tandard ized  s t imulus  condi t ions  m a y  
be due to ei ther  changes  in the accessibil i ty o f  the recep-  
tors to the s t imulus or  to sensit ivity changes  in the recep-  
tors  per  se. The  gus ta to ry  pegs on  the palps  o f  locusts 
exempl i fy  sensilla which  b e c o m e  unrespons ive  to chemi-  
cals af ter  the insect  has f inished a meal ,  due  to the closure 
o f  their  distal  orifices 9. S o m e  repor ts  in the l i tera ture  
suggest  that  in flies and  caterpi l lars  also, a par t ia l  con-  
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striction of the apical pore in contact chemoreceptors 
may be responsible for a temporary reduction of receptor 
activity 44'72'75. Besides this physical barrier, which may 
produce modulations of sensory input, instances are 
known in which the chemoreceptor cells themselves may 
vary in sensitivity, as measured by a change in firing rate 
in response to a given concentration of stimulus. In some 
olfactory 21'5~ and gustatory 47'69 sensilla several or all re- 
ceptor cell types within a single sensillum may change 
their sensitivity. In other cases not all receptors of a 
sensillum alter their sensitivity concurrently, but only one 
or more particular cells show such changes ~5,57, 65. 
The changes in sensitivity described are a function of the 
insect's previous experience or its developmental stage. 
As in all physiological processes, the temporal character- 
istics of the sensitivity changes in chemoreceptors are of 
fundamental importance. It should be mentioned here 
that the phenomenon to be discussed differs from the 
weil-known sensory adaptation in its time scale. Whereas 
the duration of normal chemosensory adaptation and 
disadaptation is in the range of seconds to minutes, the 
sensitivity changes dealt with here may require hours to 
weeks to develop. The time courses involved have re- 
ceived attention only in a few cases. The lactic acid recep- 
tor in mosquito antennae shows a maximum change two 
days after a blood meal. A return to prefeeding sensitivity 
levels, which follows the oviposition act, likewise takes 
one to two days 19' 21. When tobacco hornworm larvae are 
exposed for two and a half days to an artificial diet 
containing salicin, a compound which stimulates the 
feeding 'deterrent' receptor, the sensitivity of this taste 
cell is lowered markedly. The reduction can be further 
increased by even longer exposures 57. Addition of allelo- 
chemics such as azadirachtin, nicotine or sinigrin for two 
days to the artificial diet of Spodoptera spp. larvae suf- 
fices to evoke a strong reduction in their receptor respon- 
ses to these compounds 12'65. When blowflies are deprived 
of food for periods of 1-2 days their labellar sensilla show 
considerable increases in receptor sensitivities 48. Al- 
though experiments have generally not monitored the 
time course of changes in receptor sensitivity, i t  appears 
from the cases cited that periods of 1-2 days are needed 
to change chemosensory responses. Probably compara- 
ble periods are required for reverse reactions ~9'48' 57. 

Time related changes in receptor sensitivity 

Changes in receptor sensitivity often show a direct rela- 
tionship to time, like aging processes, or are linked to 
factors or processes which normally have a regular time 
pattern, such as light-dark cycles, temperature cycles or 
reproductive cycles. 
In several instances, age has been found to have an effect 
on the sensitivity level of chemoreceptors in adult insects. 
Thus, in newly emerged mosquitos the receptors which 
perceive host odors are inactive, and the insects do not 
feed. Some days elapse before the receptors become func- 
tional and feeding may begin 2~ By contrast, the taste 
sensilla of blowflies become responsive three days before 
emergence 38. Fully functional receptors may also vary 
with age. The amplitudes of electroantennograms, which 
represent the summed receptor potentials from antennal 
olfactory cells, become larger with increasing age in 

moths of the spruce budworm 5~ and some other lepi- 
dopterans54.63. Conversely, sensory input to the cns may 
decline with aging. In male blowflies, for example, the 
number of inoperative sensilla increases gradually and 
reaches a level of more than 50% after 25 days 53. The 
sensitivity of the receptors for sugar and salt in those 
sensilla which remain operative also reduces with age s3. 
Curiously, the chances of becoming inoperative due to 
aging vary with the position of the sensilla. Hairs at the 
front of the labellum are increasingly affected by age, 
whereas the hairs at the back of this organ are not 71. 
Similarly, changes in receptor sensitivity can occur dur- 
ing the course of individual instars in immature insects. 
Thus the responses of two gustatory receptors in fifth 
instar tobacco hornworms reach a maximum during the 
mid-instar stage 58. In Spodoptera exempta the adenosine 
receptor becomes gradually more sensitive during the last 
larval instar, though some other receptors remain un- 
changed~2. ~7. When different larval instars are compared, 
the sensitivity of certain receptors increases over the last 
three instars in Spodoptera exempta, S. littoralis and He- 
liothis virescens 12. Thus age may influence chemoreceptor 
sensitivity in different ways in different insect species, and 
in different ontogenetic phases. 
Cyclic fluctuations in receptor sensitivity have been re- 
ported in association with changing internal and external 
factors. For example, in females of the blowfly Calliphora 
vomitoria such variations occur synchronously with 
ovarian cycles, suggesting that both phenomena are con- 
trolled by the same mechanism 7. Increased sensitivity to 
salt occurred at the beginning of vitellogenesis, which is 
triggered by release of juvenile hormone (JH) into the 
hemolymph. A similar change occurs in mosquitos fol- 
lowing a blood meal, which initiates vitellogenesis; the 
observed decline in sensitivity of receptors responsive to 
host odors, and increased sensitivity of receptors respon- 
sive to oviposition site attractants, could be induced in 
non-blood-fed females by transfusion of hemolymph 
from blood-fed females 21. The finding by Stoffolano 69 
that sensitivity changes in sugar receptors of blowflies 
vary according to sex, whereas the changes found in salt 
cells are independent of sex, is probably also related to 
metabolic differences associated with reproductive func- 
tions. 
Reproduction and feeding activities often take place at 
certain times of the day or the night, and one might 
therefore expect to find that amongst receptors associ- 
ated with these activities, any which had modifiable sensi- 
tivity levels would show circadian changes in sensitivity. 
During the ultimate larval instar of Spodoptera exempta 
and S. littoralis there was found to be reduced sensitivity 
of maxillary styloconic receptors to 0.05 M sucrose dur- 
ing the dark phase of the daily cycle, compared with the 
light phase 12. The fact that adult houseflies after sus- 
tained exposure (3-6 days) to darkness show strongly 
reduced chemosensory responses to sucrose as compared 
to flies kept under normal light patterns 48 may be indica- 
tive of their sensitivity to light regimes. Occasionally 
infradian rhythms associated with feeding have been re- 
ported, e.g. in locusts 66. Whether this is accompanied by 
synchronous changes in receptor sensitivity is not known. 
However, it has been shown in locusts that accessibility of 
the receptors changes, due to closure of the tips of the 
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maxillary palp sensilla, immediately after a meal 9. In 
Phormia regina Rachman 52 noticed the existence of large 
fluctuations in latency from the onset of receptor stimu- 
lation to the first sugar spike, and remarked that these 
fluctuations may have a circadian component. By con- 
trast, HalP ~ studying the circadian rhythm of proboscis 
extension responsiveness on stimulation of the tarsi with 
sucrose, found no daily change in the sensitivity of the 
tarsal receptors. 
Many insects enter a state of diapause in response to 
specific light-dark cycles. Blowflies, Phorma regina, have 
during their facultative diapause an elevated threshold 
for the behavioral response of feeding when the tarsi are 
stimulated with sugar 7~ Corresponding electrophysiolo- 
gical data on the tarsal sugar receptors are not available, 
but Stoffolano has investigated labellar receptors, which 
also mediate feeding in diapausing and active flies. The 
sensitivity, as measured by firing frequency in response to 
0.5 M sucrose, did not differ between the two groups but 
the number of inoperative sensilla in the diapausing flies 
was nearly double that in the non-diapausing g r o u p  69' 70 
Likewise, the maxillary receptors of larvae of Dendro- 
limus pini do not show changes in their neural responses 
to chemicals after entering an obligatory diapause during 
which they do not feed 61. Thus, the extent to which inhibi- 
tion of feeding during diapause is mediated by central or 
peripheral factors is still uncertain. 
The existence of changes in receptor sensitivity in relation 
to age seems to be well established; there is less evidence 
for the occurrence of cyclic sensitivity fluctuations. 

Changes in receptor sensitivity related to feeding history 

Feeding behavior involves aspects both of quantity and 
of quality. Although these elements are often difficult to 
separate completely from each other, they present a use- 
ful classification for discussing the literature on the ef- 
fects of food uptake and food quality on receptor sensi- 
tivity. First, we shall consider the effects of quantity of 
food intake. 
The closure of the distal pores, seen in the palp-tip sen- 
silla of locusts immediately after a meal, is correlated 
with distension of the crop. This is concluded from the 
observation that filling the crop with an inert substance 
like agar, provokes the closing reaction 8. Obviously this 
mechanism affects the sensory input received by the cns 
because the accessibility of the receptors is reduced, al- 
though the responsiveness of the receptor cells is not 
altered 9. In blowflies, on the other hand, the excitability 
of the receptor cells gradually increases when the insects 
are deprived of food for 24-48 h or longer. The sugar 
receptor is particularly affected by fasting or feeding 
whereas the water receptor is less affected 47,48. As in the 
locust, it is the amount of food ingested which determines 
the receptor reaction, rather than its nutritional quality. 
Thus, in the blowfly ingestion of a non-nutritive sugar 
solution (D-arabinose) evokes the same changes in recep- 
tor sensitivities as ingestion of sugars which can be me- 
tabolized 47. In the locust experiments, the insects did not 
taste or ingest the material injected into the crop, whereas 
with the flies, both tasting and ingesting were involved. 
Nevertheless, in both cases it may be inferred that some 
central mechanism is responsible for the peripheral 

changes. However, unlike Omand 47, Rachman 52 did not 
find an effet of feeding on receptor responses in an experi- 
ment in which each fly served as its own control. The 
experimental conditions in the two studies, however, dif- 
fered, Omand used flies which were allowed to move 
freely and, during feeding periods, had free access to 
food 47,48. Rachman on the other hand used flies which 
were physically restrained from moving. They were fed 
(with food or water) once a day with a fluid quantity 
filling their crops only to about 50% capacity 52. 
Moreover, Rachman 52 followed the effects of food depri- 
vation on sensory responses of individual flies during 
24-h periods only, whereas Omand 47 monitored sensitiv- 
ity changes over 2 days or more in populations of flies. 
Thus, there are not adequate grounds for asserting that 
the conclusions reached by Omand have been invalidated 
by Rachman's results. Another short time scale study on 
tarsal receptors of blowflies, in which neural responses 
immediately before a meal and 1 h later were compared, 
did not reveal any differences 29. In larvae of Pieris brassi- 
cae a starvation period of 24 h did not alter the sensitivity 
of their sugar receptors 15. 
An example of olfactory receptors changing their sensi- 
tivity in relation to feeding is found in female mosquitos. 
One to two days after a blood meal the sensitivity of lactic 
acid receptors, responding to host odors, is reduced. In- 
terestingly, at the same time, receptors tuned to oviposi- 
tion site attractants (e.g. methyl butyrate), show an in- 
crease in sensitivity. After oviposition the sensitivity of 
the lactic acid-excited neurons increases again. The 
synchronous alterations in both receptor types are prob- 
ably evoked by a common hemolymph-borne factor 2~. 
Food quality has also been found in some instances to 
affect receptor sensitivities. When tobacco hornworms 
are grown on an artificial diet the responses of  their 
maxillary taste sensilla to leaf saps of various plants are 
different as compared to plantgrown insects 56. When 
reared on two different host plant species sensory respon- 
ses to the saps of those plants also differ 68. The question 
arises whether all receptors have changed as a result of 
raising the insects on different foods, or only some of 
them. When larvae grown on an artificial diet are com- 
pared to larvae grown on a host plant, it appears that 
several receptor types are affected, though not all. 
Whereas the inositol receptor in diet-reared larvae be- 
comes more than 2 Y2 times as sensitive as in plant-reared 
larvae, the sugar receptor is unaffected 57. By adding inosi- 
tol or salicin to the artificial diets, a reduction of sensitiv- 
ity is induced in the receptors tuned to inositol or salicin 
respectively57, 58. Likewise the addition of azadirachtin, an 
allelochemic deterrent to Spodoptera exempta and S. lito- 
ralis, to an artificial diet for a period of two days reduces 
the sensitivity of their deterrent receptors, whereas their 
sugar-sensitive receptors remain unaltered 65. 
The deterrent receptor in Pieris rapae shows a somewhat 
lowered responsiveness to strychnine when the larvae are 
reared on cabbage leaves which were sprayed with this 
chemical, compared to larvae reared on untreated 
leaves 44. Stoffolano 69 describes the influence of food qual- 
ity on receptor sensitivity in adults of the blowfly, Phor- 
mia regina. Diapausing female flies which were fed sugar 
and liver showed a reduced sensitivity of their salt and 
sugar receptors as compared to flies which were fed sugar 
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only. Also their number of operative sensilla had de- 
creased 69. 
The examples given warrant the conclusion that, within a 
meal, the quantity and, over a period, the quality of food 
can affect the sensitivity of peripheral chemoreceptors, 
involved in feeding behavior. 

Regulatory mechanisms 

The regulation of receptor responsiveness may have two 
aspects, namely a central mechanism which feeds back on 
the receptors, or a mechanism localized at the receptor 
cell level, which, in response to some central signal or to a 
peripheral factor, adjusts the receptor sensitivity. First 
we will discuss centrally controlled processes and then 
regulating processes occurring at the peripheral level. 

Central regulating mechanisms 

Central regulation processes in animals involve primarily 
endocrine and neural pathways. Indeed it has been sug- 
gested that both may take part in the regulation of recep- 
tor sensitivity, though the evidence for the latter is 
limited. In vertebrates, chemoreceptor sensitivity is af- 
fected by centrifugal neural controP 2,34. It is generally 
assumed that chemoreceptors in arthropods are not sub- 
ject to efferent neural control. However, there is some 
morphological evidence for the presence of efferent in- 
nervation of some gustatory receptors in a cockroach 45, 
and in an ultrastructural study of mouthpart chemore- 
ceptors in the migratory locust, Cook TM shows isolated 
axons of unknown origin in close proximity to receptor 
neurons. Obviously efferent neural control would allow 
different receptor types to be regulated independently. 
The influence of hormones, directly or indirectly, on the 
functioning of insect chemoreceptors, has been indicated 
by a number of studies. Bernays and Chapman 8 showed 
that feeding in locusts, by way of foregut distention, 
stimulates hormone release from the corpora cardiaca. 
Increasing titer of this hormone in the hemolymph is 
correlated with activation of the closing mechanism of 
the palp-tip sensilla, so that the receptors temporarily 
become inaccessible to outside chemical stimuW. 
It has also been suggested that in insects other than lo- 
custs the size of the sensilhim pore may vary somewhat, 
and thereby control within a certain range the responsive- 
ness of the receptors. Morphological evidence for varia- 
tions of pore size is available for blowfly receptors 73'vs. 
These changes are accompanied by changes in electrical 
resistance. Angioy et al. 7 have suggested that the cyclic 
variation of electrical resistance (and concomitant varia- 
tion in spike activity) is controlled by the same endocrine 
factor which regulates ovarian function. The fact that 
large fluctuations occur in latency from the onset of stim- 
ulation to the first sugar spike in fly sensilla is also indica- 
tive of some type of regulation of the accessibiliy of the 
receptor membrane 52. In lepidopterous larvae occasional 
sudden increases in spike frequencies and a concomitant 
increase in amplitudes have been found to occur during 
an etectrophysiological recording, which may indicate a 
change in pore size 61. Although the evidence for the ex- 
istence of a mechanism regulating pore size, and thereby 

receptor accessibility in blowflies and lepidopterous lar- 
vae, is suggestive, this phenomenon cannot as yet be 
considered to be proven beyond doubt. 
When one or more hormones affect receptor sensitivity 
this could occur either directly or via some intermediate 
process. Hodgson 33 reported that the presence of epi- 
nephrine (which mimics certain effects of corpora car- 
diaca extracts) or dopamine (which occurs in the insect 
cns) in the stimulating solutions strongly stimulates the 
salt receptor in blowflies and suggests that there is some 
degree of lability of the response which may be directly 
influenced by the hormonal milieu of the taste cells. Ex- 
ogenously applied ecdysteroids have also been found to 
stimulate arthropod (crustacean) chemoreceptors 67. 
Hormonal effects on chemoreceptors might additionally, 
or alternatively, be exerted indirectly via hemolymph 
composition and/or changes in the dendritic liquor. Phil- 
lips and Vande Berg sl have demonstrated the existence of 
a mechanism for transporting materials from the hemo- 
lymph into the sensillum cavity and Jachmann et at. 35 
found a correlation between the ionic composition of the 
hemolymph in blowflies and the sensitivity of two recep- 
tor cell types. Clearly, if the dendritic liquor in some way 
reflects hemolymph ionic composition, this most prob- 
ably would affect receptor characteristics 16. Furthermore, 
Kiippers and Thurm 39' 39a observed that 5-hydroxytryp- 
tamine stimulated the transport of K + ions from the 
hemolymph to the dendritic liquor, thus raising the 
transepithelial potential by 20-25%. Conceivably such 
changes in the transepithelial potential parallel concomi- 
tant changes in receptor resting potential, thereby alter- 
ing receptor sensitivity. On the basis of the evidence avail- 
able now, the following hypothesis may be tenable. One 
or more hormones effect ion transport processes in the 
tormogen cells and thus control the ionic composition of 
the dendritic liquor, which in its turn influences receptor 
sensitivity. Although there is good evidence that juvenile 
hormone OH) can change the sensitivity of chemorecep- 
tors, the direction in which the sensitivity is reported to 
change is not consistent. It is believed that JH controls 
both chemoreceptor sensitivity and ovarian cycles in fe- 
males of the blowfly Phormia regina 6. Topical applica- 
tion of altosid, a JH-mimic, increases the sensitivity of 
labellar chemoreceptors to stimulation with salt. It is 
interesting to note that, in several insect species, JH also 
influences feeding behavior and stimulates food intake, 
e.g. in lepidopterous larvae 26'46'64 and females of Culex 
spp.  43. However, Meola 42 reports that allatectomy in 
pharate females of Aedes aegypti does not prevent the 
development of biting behavior. Davis ~9 also reports that 
in Aedes aegypti a hemolymph-borne factor is responsi- 
ble for a reduction of sensitivity in lactic acid receptors 
and correlates this with changes in host-seeking behavior 
following a blood meal. In the female spruce budworm 
moth, pheromone receptors show an increased sensitivity 
with aging, as demonstrated by EAG recordings. It is 
suggested that this may be due to the gradual disappear- 
ance of JH from the hemolymph of aging females, since 
topical application of altosid suppresses EAG respon- 
ses 49. 

In conclusion, receptor sensitivity seems in some cases to 
be under endocrine control. Hormones could act directly 
on the receptors, or indirectly by regulation of dendritic 
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liquor composition or sensillum pore size. A combination 
of these mechanisms cannot be excluded. 

on the physicochemical mechanism which underlies 
changes in receptor responsiveness. Such data are not yet 
generally available. 

Peripheral regulating mechanisms 

Apart from a centrally regulated mechanism (hormone, 
hemolymph composition, centrifugal control), a change 
in receptor responsiveness may be induced by a periph- 
eral factor. When the different receptors in a sensillum 
show different degrees of change, or when a specific re- 
ceptor only changes in response to a specific stimulus, 
this may seem difficult to reconcile with the idea of regu- 
lation by a common central factor. However, it is quite 
conceivable that different receptor cells react to the same 
factor, e.g. a hormone, with reactions differing in degree 
or even sign. This is what seems to happen in mosquito 
olfactory receptors in which the lactic acid-responsive 
cells decrease in sensitivity whereas the methyl butyrate- 
responsive cells show an opposite reaction 21. When only a 
single receptor type is changed, e.g. a taste cell in a lepi- 
dopterous larva, which is continuously contacting its spe- 
cific stimulus, it is difficult to understand how a general 
mechanism like a hormone, or the ionic environment of 
the receptors could cause this. Efferent nerve fibers, on 
the other hand, could of course very well exert a specific 
control. 
Irrespective of the controlling agent, the receptor cell 
itself is (probably actively) involved in the setting of its 
sensitivity level. Conceivably two mechanisms could 
cause a change in its responsiveness: the number of recep- 
tor sites in its dendritic membrane could change, or the 
threshold of the spike generating mechanism could be 
affected. It has been suggested that in the case of lepidop- 
terous larvae there is no change in receptor site number sg. 
When a receptor, due to exposure (via the diet) to salicin, 
reduces its sensitivity to salicin, it shows at the same time 
a reduced sensitivity to caffein, in spite of  the fact that 
this compound probably acts on different receptor sites 
on the same cell. This leads to the conclusion that either 
all receptor site types present change in number, or the 
change takes place at another, higher level or organiza- 
tion, such as the site of spike initiation where threshold 
changes may occur. Another possibility is a general 
change in dendritic properties. Moreover, the reduced 
sensitivity of the salicin receptor is (partly) carried over 
during a larval molt to the next instar. It is known that 
the dendritic ends of chemoreceptors are removed when 
the old cuticle is shed, and a new dendritic end is formed 
during each molt H'v4. These two observations led to the 
hypothesis that the spike generating process is changed, 
possibly by altering the resting potential of the cell, and 
the characteristics of the receptor sites (e.g. their number) 
remain constant 59. 
To draw firm conclusions about which process a change 
of receptor sensitivity is based on, complete concentra- 
tion-response curves at different sensitivity levels are re- 
quired. Chemocreceptor function can quantitatively be 
described by three parameters: (1) stimulus concentra- 
tion which elicits maximum response, (2) stimulus con- 
centration which elicits 50 % of maximal response (Kin), 
and (3) Hill-quotient, which is the slope of the concentra- 
tion-response curve at 50 % of maximal response point 3~. 
These parameters should be known when hypothesizing 

Sensor)' input and behavior 

Although one would not expect a simple correlate of 
behavior with peripheralsensory input, behavior must, 
to some extent, be governed by that input. In the context 
of this review, an important issue is whether the receptor 
changes under discussion are of sufficient importance to 
lead to discernable changes in behavior. Several factors 
militate against the establishment of a firm and general- 
ized answer to this question. Conditions which bring 
forth receptor changes may at the same time cause phy- 
siological changes, activate certain behavioral programs, 
or modify behavior due to learning processes. Therefore, 
correlations between receptor changes and behavioral 
changes do not necessarily indicate direct relationships. 
At the present time the relationship between the normal 
(unchanged) sensory message and behavior is only 
known for a few insects and in rather general terms, and, 
of course, several factors other than input from the exter- 
nal chemoreceptors also contribute to the initiation and 
maintenance of overt activity. 
A number of studies relate the performance of taste re- 
ceptors in response to key chemicals derived from host 
and non-host plants to the food selection behavior of the 
insects in an ecological context, and some 22 have included 
studies on plant saps. In some work, aspects of the sen- 
sory message have been correlated with aspects of the 
performance of the insects in behavior tests. This has 
been done with locusts ~~ J4, flies23.27 and lepidopterous lar- 
vae ~2'~5,4~. When the same individuals are used in both the 
behavioral and electrophysiologieal tests, very close cor- 
relation indeed may be obtained (Blaney and Simmonds, 
unpublished data on larvae of Spodoptera spp. and He- 
liothis spp.). It follows that there is at least the possibility 
that relatively small changes in receptor sensitivity may 
affect behavior performance significantly. Omand 47 pos- 
tulates that, in blowflies, taste receptor modulation plays 
a dominant role in feeding regulation, although the re- 
verse view is taken by Rachman 52. Davis t9 again holds the 
opinion that peripheral changes are of major importance 
and suggests that 'the peripheral sensory system exerts a 
significant, possibly determining, influence over the ex- 
pression of certain behavior by female mosquitos'. In- 
deed, a strict correlation was found during the first few 
days after adult emergence between the 'beginning of 
host-seeking behavior and the presence of functioning 
lactic acid receptors in female mosquitos 2~ 
Different foods evoke modifications in the sensitivity of 
different taste receptors of tobacco hornworms. Changes 
in food preferences occur concomitantly, the insect show- 
ing a predilection for the plant on which it was grown ~8. 
In the lateral styloconic sensillum of the maxilla a recep- 
tor cell, the 'deterrent' receptor, is stimulated by a range 
of compounds which deter feeding and which occur in 
non-favored plants. One such compound is salicin. Incor- 
porating salicin in the diet of the larvae for several days 
results in a reduced firing rate in the deterrent receptor. A 
concomitant effect is that such larvae accept non-host 
plants which were previously rejected sT. It is important to 
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note that the time course of the sensory change and that 
of the behavioral change are similar. 

Significance 

Because the phenomenon of receptor modulation is still 
largely terra incognita, a discussion of its biological sig- 
nificance is necessarily of a speculative nature. 
When receptor cells vary their sensitivity with certain 
physiological stages or life phases or former experiences, 
this will mean that the decision making is no longer 
restricted to the cns only, but that the periphery is to a 
certain extent involved in this process as well. As shown 
by Davis' work, the cns of a fed mosquito is not troubled 
by incoming information on host odors, in which it is not 
'interested' at that moment 19. The advantage of this 'de- 
centralization' phenomenon may be found in the fact that 
this allows for a more efficient use of the nervous system 
as a whole. When the filtering of external stimuli by the 
receptors is not done in a constant or neutral mode, but 
rather according to the insect's needs, this will reduce the 
task of the cns. 
If, in the course of its development, a caterpillar becomes 
physiologically adapted to a certain host plant species, it 
may change its sensitivity to factors associated with the 
host plant. This could be achieved by altered receptor 
profiles, or by the cns becoming 'tuned' to certain factors 
which are characteristic of the host plant. Change at the 
peripheral level would have the advantages outlined 
above. A further advantage of having receptors with a 
capacity to alter their sensitivity would be that of extend- 
ing their dynamic range, which, of course, would give 
them greater overall capability 48. 
I f  plasticity of the sensory system were a part of the food 
selection strategy of phytophagous insects, one might 
expect to find differences between oligophagous and po- 
lyphagous species. The former are more restricted in their 
range of plants and more protected from potential toxins 
in new plants by a behaviorally limiting sensory system; 
the latter, more generalist feeders, might profit from an 
ability to adapt quickly to new plants, or to learn by 
experience to avoid others 28. Indeed, Dethier, Yost 25 and 
Dethier 24 found a greater capacity to undergo aversion 
learning in polyphagous species, and Simmonds and 
Blaney 65 showed that polyphagous species surpass oligo- 
phagous species in their ability to undergo induction of 
food preference, not only at behavioral but also at pe- 
ripheral sensory levels. 

Concluding remarks 

It is generally assumed that only neurones of the cns can 
be modulated, for example in response to the presence of 
hormones 36'37 or due to use or disuse 5'4~ The reports cited 
in this review, though limited in number, seem to negate 
this notion and indicate that peripheral chemoreceptors 
may possess a certain plasticity. It is as yet impossible to 
conjecture about the generality of this phenomenon. The 
fact that it has been observed in different insect orders 
and in different ontogenetic phases could support the 
hypothesis that this property is widespread among in- 
sects. Future research should discover whether this is true 
and whether its occurrence is limited to insects or extends 

to other organisms. At present it can be stated that the 
phenomenon of sensory modulation opens an interesting 
new vista on the role of receptors in the control of  insect 
behavior. 
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