Lectures af
Insect Ffu;swla@g 7
(Post ~ G gﬁ&*u Ate)

P “’@me Dr.

mal Elsa
@5@;& A
1%{%0%17



Lecture: 7
Temperature and Insect Development

Development; The population and fertility of Insects are affected by the
habitat temperature in which they live, this gives meaning to the

possibility of exploiting the forecasting of pest waves and populati
dynamics that serve to control programs. 4%

Development of the insect and its relationship with enviro ’Q
temperature means complex chemical reactions within t iological
insect system which is affected by temperature and m xplain how
to fit insects with different thermal environments;sr

Optimal Temperature Ran opment
The thermal range insect life which cap@blg ONwIder

range where the insect can maintaiththe cOvtinuity of its evolution and is
called the preferred range for evo nd death rates are used to
denote in laboratory experime

1- Constant Temperature;

Low temperature %%%tical temperature caused a sharp increase in
death rates, whic ry jpccording to the insect species and insect stage,

when gypsy mo¥ egg¥were exposed to cold temperatures for the habitat,

Iuc&a ng Temperature:
Temperature changes play an important role in influencing the

evolution of insects, African field crickets when fixed temperature (20
° ¢), the percentage of hatching promotes

18%o, while if exposed to varying temperatures to this degree hatching
rate is between 49 and 65 %o.



Therefore, changing the thermal system with a low temperature

an average of all day long about the constant temperature is

valid for some insects to perform successful development contrary to the
constant thermal systems.

But when the thermal range breadth in the direction of high P
temperature in changing systems, not achieve the same pervious benefit

resulting in death of most of the insects. 3
N\
Death rates depend on the duration of exposure to high-critical

temperatures; this may be due to a disturbance in the chemical reactions
of the metabolic process, where the food supply and oxygen support is not
enough to counter the increased metabolism as a result of

high temperature. [\\) 7
x

Developmental Variables as Affected by Temperature
1-  Duration of Development:
Constant Temperature: -~

It is well known that; the length of period stage during the
metamorphosis phases decreases as the temperature increases
and increases whenever the temperature decreases than the optimum

— L, 4

temperature for development.
ANy
When the insect is exposed to a low temperature during its development

and with the high temperature in the surrounding environment, the
development period decreases until it reaches the optimal temperature of
the development and then the growth curve is equal to zero, development

rate curve is formed between 20-25 ° ¢ and a maximum of between 25-
no e~ N

30° c.,
It is well known that; the male insects are faster in their development
than females within one species. The relationship between the
temperature and duration of development can be identified by equations,
Janisch 1925.



First equation:

Td=time/2[a[ T-Topt.]+a[T opt.-T]

Td: development time; Time: the least duration of evolution is
empirically proven at the optimal temperature; a: private static type; T:
the temperature of the experiment; T opt: optical temperature.

This equation assumes that the thermal activation is shown by two

processes, one of which is found in the lower temperatures of the optical
temperature (positive effect) and the other higher than the opti_cala
temperature (negative effect) as a result of slow growth return on the

metabolic disorder. (Q\J

The relation between the rate of the development and temperature led to
the law of thermal constant, which means striking the period of
development in the heat effect and this means that there is a thermal
point at the beginning of the effect, which then becomes a development
time equal to zero for any development, V

this should be seen as being by default, because it can't get; Since
evolution can be obtained by exposure to temperatures below the effect
temperature; in the sense that

there are insects can develop independent of

thermal effects in a wide thermal range such as black carpet beetle insect.

Te=td [T-T O %)\'

Tc: Thermal constant; td: development period; T: Experimental
temperature; To: Start point effect; T-T 0: Temperature affecting upper

starting point effect.
D
(D

tuating Temperature:
It was noted that the development period becomes less when insects are
exposed to a variable thermal system throughout the day by the
conditions in which the insect is exposed under field conditions; the
insects can under thermal system variable (periodic thermal conditions)
when exposed to temperatures below the temperature of non-
development; some can develop; probably the thermal needs
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of some determinants of the rate of development can covered by. Thermal
variation in the lower range of the turning point of the development
curve causes speeding of the development rate on the contrary when the
thermal change IS close to the optimum
temperature can slow the rate of development, or be non-existent
when compared with constant heat effect with a change over the mid-
temperature of the thermal range.

2-  Adult longevity: Q
~O

Constant Temperature:

Under constant temperature conditions, the period of the adult phase is
longer on low temperature reverse high temperature; and often the
lifespan of the female is shorter than the male at high temperatures, the
gravid females of Anticassia have the shortest life of non-gravid at the

same temperature %\\)

Fluctuating Temperature: A

Insects under changing temperature conditions either live

longer or shorter depending on insect type; the life of the pink bollworm,

Pectinophora gossypiella, is shorter at the fluctuating temperature while
the mosquito; Aedes has a longer life span under the same conditions.

A VY

3- Size and Weight of the adults:
The size and weight of insects reflect the degree of  development  and
completeness, for example the ovarian weight of female insects shows
how matu rity depending on temperature affects
females durlng development and
senS|_b|I|ty of ovarian growth with the right temperature for this growth;
while the effect of temperature on head capsule and are
biometric studies be steadier in change, but body weight is linked to
body size when body weight large body size too
big (ovaries and body size).



Constant Temperature:

Include numerous relationships by insect type as some
insects appear stable in size on a wide range of temperatures, such as the
pink bollworm and cabbage white butterfly (pupae and adults), while
some insects such as Drosophila and Lixophaga, parasites weigh less in
high temperature exposed about 14 ° c; unlike in the European corn

borer is getting full insect weight increase temperature. Q3

Fluctuating Temperature:

Changing temperature throughout the day causes adult

Appear smaller or larger in size depending on the type o

insect, showing large adults with European corn borer and small adults

with Egyptian cotton leaf-worm. \‘Q\'
4-  Fecundity: Q )

Temperature affects the insects produce eggs whether

Female sexual maturity before or after metamorphosis, temperature
affects ovarian branches before metamorphosis and exit full adult
and this goes back to affect body size’

Constant Temperature: Gib‘

Forming the eggs in water insect Chaoborus before metamorphosis and
laying eggs once off and mating, the female lays eggs in a mass of up to
350 eggs at an egg temperature of 17 ° c; if the experimental temperature
rose to 26 °C decreased the
number of eggs to 231 eggs. This means that the appropriate

temperature for the growth and development of larvae is  suitable for
laying  eggs. There are Insects like pink  bollworms
where Laying eggs after metamorphosisa thermal optical range for
laying eggs; insect of Platypilia carduidactyla, lay their eggs in the
thermal range from 10 to 28 ° ¢ and the maximum number is placed on
the degree of 19 ° ¢ and black field cricket is placed in the range of 20 to
38 ° ¢ and the maximum number a 34 ° c.



Fluctuating Temperature:
Insects that mature their ovaries before forming and are exposed to
varying temperatures throughout the day are long warming
choices for egg production is the same as for development with
his tendency to widen compared to constant temperature; Aphis
Therioaphis produces eggs between 8 and 32 °c, while the insect does not
lay eggs except in a temperature range between 15 and 30 ° C.
When using heat periods close to those of the insect Habitat
eads produce an enormous number of eggs when compared&
to constant temperature as in the pink bollworm insect; on the contrary
in the black field cricket and Mediterranean flour moth;\\
Moreover, the size of eggs produced is smaller. AN
Egg production is also affected by temperature changes associated with
changes in the lighting period. For example, the pink bollworm moth puts
272 eqggs at a fluctuating temperature of 26 ° C with a prolonged exposure
period of light; but when the dark period is up when the same fluctuating
temperature is 26 ° ¢ put 171 egg; while putting the number 132 eggs at
constant temperature 26° c. '

.o\

Current Concepts of Temperature Action

Thermal summing theory: (bd
A Ca W

A theory commonly used in pest control to use as the basis formany labor
atory experiments to determine the thermal constant for many
insect species, through the thermal constant for any stage
measurement can predict that within the preferred thermal range ,total
temperature to each development period would be the same whether
temperature fluctuated around the minimum or the maximum thermal
range, meaning that development period is itself under conditions of
regular temperature change daily or irregular temperature change and
under constant temperature condition; thus the total temperature (total
temperature days and total temperature hours) by can predict
when increasing the population and outbreak, so if the temperature rise
start influencing point meaning begin to influence the average
temperature IS calculated time to air the
region expected risk of pest and added to the total accumulated
temperature, , so by applying it experimentally and by calculating

7



thermal constant and total thermal to an insect, can identify and
predict an explosion (outbreak) under the conditions of the field when
measured the same temperature; A laboratory computation with field
conditions may not be satisfactory, although there is a linear relationship
in the correlation curve between the rate of evolution and temperature.
Ts(t)= tsto. T(x) dx

Ts(t) Thermal summing; TO Threshold ; T x Temporary temp.

In the event of a conflict between the results of temperature f\
change with its equivalent of thermal condition due to lack of a\_

linear relationship between the rate of development and temperature are
replacing Thermal summing theory by Development rate summing
theory.

Development rate summing theory: \&

The curves of the relationship betw mperature at the rate of
development of the parameters of AQe ratg/0f metabolism or the rate of
chemical reactions, thus , development is a complex set of chemical
reactions that controls specific enzyme process rate for rate, the regular
sequence of chemical pracds™ to give special compound while
developmental interactions to accumulation of
development as a final product and the accumulation speed depend on
temperature, rate/af \ewdlopment, according to this theory is the
measurement of C igal reactions behave course addition, this means
that under thi\fluct®eting temperature conditions is the same rate of
development under constant temperature conditions; it is the result of the
collection rate ratios, thus a predictable development rate simply by
adding the development rate ratios obtained from relationship to
temperature.Depending on the extent of the change, the temperature
adjusted ratios must collect either a day or hour or minute this

through constant temperature results.

P (t) = tso. P(x) dx; P(x) = rate percentage.







Lecture: 2

Current Concepts of Temperature Action.
Development rate summing theory

Development rate summing theory depends on the relationship between
the light and temperature; therefore, the expectation £

for a generation of insect adult departure conflicts with a prediction

by collecting rate ratios, this rule is not able to explain how development
rate causes or how to control its rhythm adult exit occurs at a specific
time from the day in an insect type. AN

There is a range of adaptations to fluctuating temperatures

1-Periodical activity throughout the day, when the rest requires
metabolism on low temperature relatively less energy (break) after
covering its food altogether during high-temperature activity; and it
would cost under fluctuating temperatures conditions respiratory
metabolism less under conditions of constant temperature, saving energy
reflected on the growth and egg pod production.

2-Thermal compensation occurs in metabolic rate leads to a rise in
metabolic rate reflects on increasing growth and lack of development
period and increased fertility., -\

3-There's an assumption to explain along the preferred term for
development and fertility in low-temperature trend in fluctuating
temperatures system; it is a disincentive to development be

destroyed and damaged by short-term increase of critical degree to start
influencing. A~

4-The fluctuating temperatures may cause temperature periods that
activate the secretion nervous system, accompanied by a accompanied by
modification in hormone concentration which in turn influences the
stimulation and egg production; this is supported by

the increasing concentration of juvenile hormone which has a role in
ovarian activation and increase

egg production when exposed to fluctuating temperature.

5- Fluctuating temperature may affect the daily organization of metabolic
reactions or hormonal control in development;

noting that the water insect Chaoborus affected her body weight per day
at different times of day temperatures and diapause. Thus the correlation
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between the thermal period and photoperiod is a factor in the
development time body weight and incidence rate of diapauses.
6-The thermal period may run like a photoperiod, continuous

lighting conditions opened or continuous darkness may play fluctuating
temperature cycles of rotation such as a succession of night and day; a
parasite of Nasonia causes thermal period equal photoperiod responses
regarding the percentage of hibernation under conditions of continuous
darkness; while under continuous light conditions as in insect Chaobours
on thermal cycles around 20 ° ¢ in warm period for AQY

8, 12 and16 hours a day was the time development and body weight is
equal to what happens under constant temperature 20 ° ¢ and

light 8, 12 and 16 hours; this indicates that the thermal period may play

the same role of photoperiod. \'Qy
<)

Towards- an Improved Concept of Temperature Action

Development in insects has a twofold, growth (quantitative) and
differentiation (qualitative face); quantitative change of insect stages is
related to time; the duration of each stage is an expression
of developmental time, measure mass change
accompanying this process by measuring the size at different
times and through which the growth curve can get. The rate of
development relies on the growth rate and hormonal system that
determines the critical size of the differentiation.

Egg production which distinguishes between quantitative and qualitative
face, egg mass growth in size quickly adjusted while the number of eggs
and egg size in the mass which is the differentiation process output split
available of mass growth to the number of eggs and specific size.

The processes of growth and differentiation are temperature

zones; where the temperature plays a role in growth processes and
differentiation.
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Some Fundamentals of Growth, Metamorphosis and Reproduction

Growth in insects is similar to other cold blood, with some deviation from
the ideal growth curve might be due to: loss of weight or
guantity of water ingestion during moult or timing of metamorphosis;
where the insect (Metabola and Hemimetabola) growth terminated by
metamorphosis. £

The rate of growth achieved in a sufficient source of food, energy and
oxygen in the presence of moult hormone (Ecdysone ) responsible for
moulting after achieving adequate levels of growth and metamorphosis
also; it's a catalyst for growth and formation and is a catalyst for growth,
and affect critical environmental conditions (light and temperature) to
grow to the point where it might lead to growth slows or stops as in the
case of diapause. A

Environmental temperature has two effects on growth rate one directly
through its effect on metabolic reactions, and another indirectly
through its influence on glandular organ (catalyst).

Glandular organ in insects has an important role in the process

of differentiation, glandular organ consists in insects:

«  Neuronal cells of the brain \

e Corpora Cardiaca (bd
e Corporaallata %
o Prothoracic gland

Endocrine gland secretory neurons consist of hormone secreted
directly into the hemolymph.

N\ 4
Acb‘
Some Fundamentals of Growth, Metamorphosis and Reproduction
A Oy
Rate of temperature development rate is influenced by two possibilities:
1. A critical size is achieved through growth processes.
2. A specific time-critical independent of growth.
The first possibility is consistent with the experimental
results, where to reach a critical size, is need necessities of
metamorphosis occurs; when the critical mass is, the rate of development

12



will depend on the different processes: first, determine the critical size is
achieved through a second operation and growth process,

This means that the metamorphosis depends on achieving critical size
before becoming metamorphosis-enabled, and it must be known
that critical mass can be reached in the larvae that fed on different food
values or in the hungry Ilarvae, where there is a timeline
for development and this is reflected in the size. \
Glandular system plays an important role in achieving the critical size;
this has been demonstrated by typical experimental work, including the
removal of the corpora allata gland or its implantation as an addition, or
the increase in the concentration of the moulting hormone or the juvenile
hormone or similarity; this leads to the
exit of the insect growth curve early or late for its normal development
(dwarves members when accelerating growth or giants members with
slowly growing), thus the critical size of the metamorphosis can be
determined as low or high through hormonal concentration, so size
detective don't swift or slow growth rate, but due to the hormonal system
mutated and its impact on critical size determination.

Certainly, the hormonal effect activates after providing the necessary
nutrients to achieve the specified growth of the metamorphosis, and the
hormonal system starts here, in case of starving the insect and the arrival
of the stage to the period critical for metamorphosis produces small-size
members or sterile, so hormonal activity is influenced by starvation.
Ovulation and egg production are affected by the same special effects on
growth rate and the hormonal system has a role in controlling the
growth, size of egg number and maturity within ovarian branches, when
injected Insect ecdysteriodes or JHII1 hormones have a role in increasing
the weight of eggs and activate egg laying in some insects such as black
field cockroach.

( AV

Temperature Action on Development and Reproduction

Similar changes to the size of the individual and the size of the eggs are
the result of environmental influences such as temperature photoperiod

and thermal period and link with the glandular organ of nervous system
events, as illustrated by the following examples:

13



1- The specified weight of the adult insect of Chaoborus is achieved on
light periods different with a constant temperature of
20 ° c or thermal periods through about 20 °c for periods of
8,12and 16 hoursaday and the conditions that lead to
shortening the development period; size is less, this is certainly due to the
critical size modification by the glandular organ of the nervous system.

2- Black field cockroach laid fewer eggs under conditions of fluctuating
temperature compared with constant temperature, if the number of eggs
increases due to the eggs of the same egg mass formed as a result of the
influence factors of metamorphosis. )
Therefore, nervous glandular sensitivity towards temperature changes,
affecting moulting hormone and juvenile hormone concentration; in
comparison, the effect of temperature on growth rate is not only more
uniform in all insects but in all cold blood, although there are differences
in absolute growth rate, the relationship between temperature and rate of
growth approximately follows t the theory of addition.

It is clear from the above that the temperature affects the rate of growth;
metamorphosis and production of eggs, while the photoperiod affects
both the metamorphosis and production of eggs, but it doesn't affect the
growth rate, and these effects are mediated by glandular systems.

A c‘.cb"w

Evidence for the concept of Dual Temperature Action:
e  Sub-Threshold Development:

A Y
Development can occur and be achieved under sub-threshold level of
development, where the slow growth rate associated with certain
conditions prevents the insect from achieving its critical size of
metamorphosis in a certain period, but when
exposed to high temperatures and suitable has been increasing growth
followed by access to the critical mass of the metamorphosis.

e Varying Temperature Coefficients of the Development Rate:

[ J
Development in an insect, Pieris rapae, with temperature-dependent
achieved almost constant body weight and that means

14



weight independence temperature effect, while the size of insect body of
Chaoboura growing in a linear relationship with
increasing temperature between 17-26° ¢, insects can speed up or slow
down their development not only by thermal compensation growth rate
but by critical size modulation. Perhaps return the harmony of
development time with low temperatures in the polar regions to the
critical size modulation that is lower in these areas, Slowly growing
insects develop relatively rapidly when the critical size required for
metamorphosis is small. Q Yy 4

Time of Development under Fluctuating Temperature:'Q

AN\
Evidenced by the ability to control the duration of development by
changing the critical size and growth rate that the rate of
development is not a real rate on physical chemical sense such as

growth rate, and it can be relied on as evidence of the rate
of development as in the cabbage worm leaf cabbage, where the growth
rate IS rate is equal to the rate of development

under the influence of fluctuating temperature, but this theory is not
common; cotton leaf worm gives adult small size when the development
period is less under the conditions of the fluctuating temperature
compared to the constant temperature.

If fluctuating temperature has led to increased critical size, the influence
of the duration of development differs:

1- May not offset the effect on the total growth rate increase

critical size, of thermal variation, this critical size needs more time
(development time) compared to constant temperature conditions.

2- This may offset the effect on the total growth rate increase in critical
size, meaning that critical size (development time) could be achieved at
the same time under constant temperature conditions.

Growth rate under fluctuating temperature effect may lead to achieve
critical size early or late if this rate not dependent on temperature.

Fluctuating Temp. and Increased Fecundity:

Egg masses are formed not only increasing depending on growth rate but
metamorphosis is influenced by temperature affecting ovarian branches

15



and number of eggs and egg size
and duration of the mature eggs is complete, this mean increased fertility
under fluctuating temperature conditions as in black field cockroach.

o Photoperiod and Thermo period Action:
Long day causes shortness of development in most insects,

already stated that development and body size in insect L\
Chaoborus is similar under different conditions of light period and
constant temperature, with constant lighting conditions and

fluctuating temperatures. \ O
Sequence of the thermal cycle and its association wit 19dic light hour
have an effect on the metamorphosis and these progegsdg are mediated by

a nervous glandular. &
e  Temporal Programming of Adul'@%@ and Oviposition:
)

Emergence of adult and laying eggs IS a daily
and laying eggs is a daily pattern shows that there are operations directed
to that controlled by hours photoperiod and nervous glandular.

It time development consists of today's unit, and this illustrates

that development period can be finely regulated with different
environmental situation.Ca A" ¢

Double action theory of temperature on development time and adult size
and fertility produce events for temperature on the rate of growth is
responsible for all growing operations, as well as accumulated effect of
temperature controlled nervous glandular how especially type.

Cﬁ&@o
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Lecture: 3

Host-Plant Selection: How to Find a Host Plant.

Most species of insects are very selective feeders and

eggs. Recent research on several species has shown ‘{ha\tr
they select not only certain plant species but also specific
plant organs. For several insect species it has bee‘n ;hc;wn
that they may even prefer particular individualsw?hi?a host-
plant population. Selection behaviour Q%:aigrthgt, the host

plant-range of a certain insect species dose not necessarily
ALY

include all plant species that appiar ur}der laboratory testing

meticulously choose the plants on which they deposit their%
L

conditions behaviourally accepta%or nutritionally adequate;
under natural circumstance it is often more restricted. Also ,

)\

host selection behaviour may change with the developmental
s ALY e

phase of the insect and gifferent life stages often differ in their

host-plant preféen\ce\o? their ability to use a plant species as

a host.

O

Des‘p)it\eér}‘act that neonate insect larvae a small body size
Gnd‘consequently possess limited energy reserves, they are

capable of leaving the plant on which they hatched if they

appear to judge it unsuitable. There are a number of

situations that make it necessary for a herbivorous insect to

search for a host plant. For instance, eclosion of adults from
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pupae that overwintered in the soil may occur far from
potential food or oviposition plants if these are annuals. The
arrival in a novel habitat after migration or dispersal and local
exhaustion of food plants are other examples of such
circumstances. Food specialization requires the ability to find
and recognize host plants, which in natural habitats oftéﬁ

grow in mixed and complex vegetations. Q‘

Host-Plant Selection: How to Find a Host Plant.

W
Terminology: A \Y\&

It is useful first to carefully define terms that are generally
ViS4

used to describe or categorize ho’s\t-plant selection behaviour.

- Searching: when an insect is remote from a potential food
(7 w

plant, it needs to search for and find that plant. To locate a

host plant, it needs to move towards it and contact it, or at
A A\ "

least to arrive and sta{ln the proximity of it in order to further

examine its characterlstlcs The observation that the insect

AV
contacts the plant, however, gives no information on the
(ALY
mechanism used in establishing this contact. The term
Na O 4

'searching’ means’ to look carefully in a place in an effort to

S ALY
find something.
( Y
Finding; sometimes unfortunately used as a synonym,

may rather be the end result of searching.
Selection: In the strict sense of the word, to select’ means to

choose from among alternative. In order to do this, it is

19



necessary that differential sensory perception of alternative
food plant occurs. Selection thus implies a weighting of
alternatives. From a methodological point of view it is difficult
to prove that comparison of alternatives is being behaviour,
especially if contacts with potential hosts occur sequentiall&

Sequential contacting occurs more frequently than

L] - L] L] L] A\l’
simultaneous contacting .In case in which alternatives have
“v
been assessed before final acceptance occurs, either at a
A 7

distance by approaching and turning away ag&in_or by actual

contact-testing, the term selection behaviour is appropriate.

ANY

Acceptance: Acceptance of a plaﬁ IS sz{d/ to occur when either

sustained feeding or oviposition occurs. Acceptance is a term
devoid of assumptions impli\ed"by the term selection. For
L

example, when a beetle is released in the middle of a
YN

monoculture and is observed to initiate sustained feeding after
ol Y,

climbing a bean %nt}, it cannot be concluded that the beetle

selected the bean plant as a host plant, since no alternatives
- \

were available. It can only be said that the bean plant is
\w

accepted b}/ the insect.

LV

Preference: when in dual or multiple choice assays an insect
consistently feeds or oviposits more often on one of the
alternative plants, it is said to ;prefer’ that plant over the
others. This may also be observed under field conditions when

the degree of feeding or oviposition on a certain plant species

20



is higher than would be predicted from its relative abundance.
Clearly, preference is a relative concept and applicable only to
the set of plant species or genotypes that were actually

available to the insect.

L
Recognition: This term is often used in connection with%

ANy

acceptance. It means to know again and implicitly refers t)o a

neural process. It implies that there is an internal standard or
AN

image of the plant sought for. This image is present in one or
AT L

another from in the central nervous system of the insect. The
AN Y

profile of incoming sensory information on plant cues is
Vol 4

compared to this stored image an;l when it matches

sufficiently the plant is recognized as a host. The putative
04N 4

image is genetically fixed, but can be modified by experience
to quite some extent.
q A

A

From the above it appears that the term ‘acceptance’ is the

_ L v Y _ _ _
most straightforward one, while searching, selection,
A w
preference and recognition implicitly refer to complex
(A
behavio;J{al‘Brocesses, the neural mechanisms of which are
being elucidated. It is also important at this point to relate the
A LAY . L
behavioural terms defined above to the classification of

h
semiochemicals that may effect host-plant selection

behaviour, this terminology is summarized in following table.

21



TABLE: CHEMICAL DESIGNATION IN TERMS OF
INSECT RESPONSES

Attractant: A chemical that causes insects to make oriented

movements towards its source. 4%

Repellent: A chemical that causes insects to make oriented

N
movements away from its source. ,@

[ ]
Arrestant: A chemical that may slow the linear progression of
AN\Y
an insect by reducing actual speed of locomotion or increasing

turning. wy
A

Feeding or ovipositional stimulant: A chemical that elicits

A d
feeding or oviposition (%rl ir{sects (feeding stimulant is

synonymous with phagostimulant).

NV

Deterrent: A chemical that inhibits feeding or oviposition when
A VU 4

present in a place where insects would, in its absence, feed or
‘ 14

oviposit.Qod
AN
Host-Plant Selection:

A S
A catenary process:
Insects are often said to show’ programmed behaviour and
stereotype, predictable sequences of behavioural acts, so-

called reaction chains. This means that more or less distinct

22



behavioural elements follow each other in a fixed order. The
insect shows appropriate reactions to a succession of stimuli.

When the outcome of a sensory evaluation is rejection of a
particular plant or plant part as food or oviposition site, the
insect jump back to one of earlier steps in the reactiq&

sequence. Modification of selection behaviour as a result of
~\.”

previous experience leads to faster decision making or to
“v
changes in preference, but the sequence remains the same.
A N

In the process of host-plant selection two main consecutive
A N Y

phases may be distinguished, delimited\b the intermittent
A

decision to stay in contact with plant: 1- searching and 2-
< )

contact-testing; the first phase may end with the event of
(X

finding; the second phase ends by acceptance or rejection.

QU
FIGURE A EV]DENCE THE COMPLEX BEHAVIOUR

PATTERNS  INVOLVE =~ A  SEQUENCE  OF
STIMULATION ~ AND  RESPONSE  STEPS,  AS
EXEMPLIFIED BY OVIPOSITION BEHAVIOUR IN

THE CABBAGE ROOT FLY (DELIA RADICUM).
A

An airbome gravid female fly may land in response to yellow-
. AN

graQ'wavelengths (500-600nm), as reflected by green

‘folivage. During the ‘latent phase’ she walks along the leaf,

pausing now and then to groom or to make short flight. During
the next phase, the leaf-blade run’ she walks continuously,
often along the leaf edge and frequently changing direction.

With taste hairs on her tarsi she assesses the suitability of the

23



plant. If she contacts the appropriate chemical stimuli she
moves on to a stem or a midrib of a leaf, which is quickly
followed. At the stem base she moves around it sideways
(stem circling), keeping her head downwards. During the
climbing phase’ she walks around close to the cabbage stem
and occasionally climbs up the stem a few centlmeter's‘SQﬂ
then starts ’probing’ the soil with her owposﬁor probably
testing soil particle size and water content. When agaln the

adequate stimuli are perceived, she finally lays heLeggs in the

soil close to the stem. @
N

Landing site

Latent phase

Leaf-blade run

Stem run

— > Stem circling

. err _,-4":";‘:‘4, - . .
Oviposition——_ 21 Climbing

Probing
N

C,:éCCEPTAN CE IS A CRUCIAL BEHAVIOURAL

DECISION AS IT RESULTS IN INGESTION OF
PLANT MATERIAL OR DEPOSITION OF EGGS,
WITH POSSIBLE NEGATIVE CONSEQUENCE FOR
FITNESS. A HOST-PLANT SELECTION SEQUENCE
IS SCHEMATICALLY DEPICTED IN FIGURE (A).
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Generalized sequence of host-plant selection behaviour of
insects. Left column: behavioural phase or event; middle
column: common behavioural elements occurring within a
behavioural phase; right column: main plant-derived stimuli

affecting the behaviour. e: well documented plant cues for;§

several species; o. Suggested or probable; -: examples of

~\.”

behavioural elements displayed by many species, not all
“v

elements occur in a particular species and not necessarily in
A N\
this sequence. Between brackets at the top dlspersal IS

indicated as a preceding behawoural phase with its

N/
behavioural elements. Q\

B-E HOST SELECTION BEHAVIOUR SEQUENCE OF

REPRESENTATIVES OF THE MAJOR INSECT ORDERS.
N7\
A

[Type of informatiorfﬂ

[ Phase/event | rBehavioﬂ

{Dispersal) (Movement,
random}

Searching Oriented
movement:

kinesis and/or

/ ]
1 |
|
1 |
N\ -
] 1
O - o
taxis \ X
1 1
@ | Plant contact i - :
1
% Contact Antennation

evaluation* Palpation
Tarsal drumming
Ovipositor probing
Test-biting

Swaliowing : ! .
R
i | 1 |
Acceptance Sustained feeding |
or gviposition O & ®
| i i
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B Aphids (Aphis, Myais) C Bark beetles (Dendroctonus, Ips)
[Type of information | [Type of information |
&8 £ g &
- L -]
[Phase/event | ['Behaviour | ¥ § ;&?.‘? é? [Phase/event | [ Behaviour| 5 g‘lﬁé* 5,"
& & g F & E
FTYES £ & g,fc?
(Dispersal)  (Distance flight) : [ (Dispersal)  (Random flight) A
I 1 | L 1 | |
— - s
Searching Lo Searching o
Attack flight ® © . Landing on S '
1 | 1 1 [ ] [ ) 1 |
" . : I tree trunk . ' . X
L.anding ® ‘ I 1 | ! | I
1 | | | ] | | I
e I
| ! I I ] L ] |
Contact- o Contact- A
evalnation Prohing site | . \ ' evaluation. Explaratory walking '. |
selection ' C.) ’ ! on bark ! (? 9 '
| | | i I ] 1 |
Stylet penetration ' ’ ’ Fest biting 0 e
1 | | ! I | I 4
[ By RIS S
et I : I I Acceptan “ontinued feeding ! !
Acceptanct ?:g:::;:;d phloem ; Lo ® corptance Gallery elongation | ' \ ¢
: ! I I after 'host diagnosis’ | ‘# : ‘#
D Flies (Delia, Rhagoletis) E _Moths (Helicoverpa, Manduca)

ﬁ%ﬁe/eventj @haviour

(Dispersal) {Random flight)

Searching Positive odour-
guided optomotor
anenotaxis
'Hopping flight’

Landing on plant

Plant contact

Contact-
evaluation

Intermiitent runs:
leaf and stem runs
(surface evaluation}

Stem base run

e ——

Acceptance {Sofl climbing)
Oviposition

Type of inforraation Type of information
yp
A & & A8 &
£ EA S $EAS
- JFFF E_Phase/ewuﬂ rBehavioM ~ S35
F & TES N e
S L FFF S Fes5.F
Qe X0 @ &
H i 1 ] | ! I
; : | finepersal)  (Random Night) ! . | !
I I | i | | | |
] 1 I ] 1 I I
! o vk Positive odour- o
P Searchin  gujded optomotor | o ¢
. . ! ! agemotaxis, zigzag- ‘I .. ' t
N Y | ging flight/casting | | | L
o @ ' | landing 8] ® " ‘I
e Plant contact e e
] 1 I I 1) ! I I
[ | : | ! | | L
Cr || Contaee SR
L evaluation  papga) antennal, oo
| O & @ ovipositor contacts }l Q ¢ O
! : ‘I ! (surface evaluation) ¥' . ' !
| ] . ‘ 1 i 1 |
| | i 1 L | L |
1 1 1 1 | 1 1 1
1 T 7 —T 7 T
: (5 : : Acceptance  Oviposition | @) ® ®
I 1 i I L ] |
1 | | | | | | ]
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Going through the sequence, the number and intensity of the
cues the plant offers to the insect increase and thereby also
potentially the intensity and modalities of sensory information
the insect can collect about the plant. A standardized host-
plant selection sequence can be described as follows:

1-The insect has no physical contact with a plant and either

rests or moves about randomly, walking or flying. 4%
2-It perceives plant-derived cues, optical and/ or olfactory &
3-1t responds to these cues in such a way that the dlstance

between its body and the plant decreases. O\Q
4-The plants is found, i.e. it is contacted by either touching or

climbing it or landing on it. /«\‘Q

5-The plant surface is examined contact -testing (e.g.
palpation of leaf surface). h

6- The plant may be damaged and the content of tissues
released by nibbling or t\eet\l‘oltlng (chewing species), probing
(sucking speC|es)/er punct)urlng with the ovipositor.

7-The plant is accepted (eggs being laid or continued feeding)

oris rejected resultlng in the insect’s departure.

_ONY

HOST-PLANT SELECTION: A CATENARY PROCESS

During each of these steps the insect may decide to turn away
A WA

(rom ‘the plant before contacting it or to leave it after contact.
When it arrives in a patch of potential host plants, it may
exhibit repetition of the same sequence with respect to
different plant individuals of the same or other species. In the

end it may return to and select the plant that was examined
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first. The crucial decision to accept or to reject a plant is based
not only on sensory information of plant cues but also on the

insect’s physiology status.

L

Host-Plant Selection: Search Mechanisms
To understand the ways in which insects search, ‘lt‘ is%

necessary to present a description of searching behaviour as
a\ )

well as a discussion of possible causal mechanisms
AN
involved.(Random search or highly directed sef;rcmgatterns)

In the field, random search has been described for various
AN Y

insects, such as polyphagous cet\erpillars, immature and

\

mature polyphagous locusts, andxadultyoliphagous Colorado
potato beetles. In these cases, freg.'ency, rate and direction of

movement appear unrelated to the suitability of plants within
-\

their perceptual range l.e. the range in which host-plant
A "

derived cues are detectable by the sensory system.

)
Host-Plant Sele\ctlon Search Mechanisms

The generation of random movements can be explained by the
M\ W

functioning of so-called’ central motor programmes' located in
~ \.

<CNS . When an insect becomes motivated to search for food,
NY

e.g. because blood trehalose levels fall below a certain level,
these programmes are activated and as a result the insect

may start a random walk.
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During random search, several types of orientation response
may be performed upon stimulation by plant-derived cues.
These responses may be either non-directed or directed.

The non-directed in random movement are classified as
kinesis. The insect may change its linear speed of moveme_r%

or it may change rate or frequency of turning. Q
A
These kinetic responses often lead to area-restricted se‘a'rch,
i.e. an intensified search in a small area. They are most
A N

prominent close to a host plant or upon contact (’gure b and

c). Rate of linear movement often decreases and turning rates

NS/
increase. Q)\

HOST-PLANT SEIECTIOl\l gEARCH MECHANISMS
A

Directed movement in random movement becomes possible
~ N\

when the host plant emits signals that, either alone or in
combination with é’s\ec:);a cue, allow directionality to perceive
by the sensory s?s/t;n: of the searching insect. Movements in
this case are d\irected by sensory information on external cues
but maxstil,t):under influence of central motor programmes.
Wind or light direction, perceived as air flow by
meéh;rﬂ)receptors or photo flow by photoreceptors, may be
sampled successively at the left and right sides of the body by
serial counterturning movements. Wind direction is detected

mechanically by walking insects but mainly visually in the case
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of flying insects. Light compass orientation, is a main

mechanism for insects walking on the ground.

Directed orientation is often viewed as adaptive, as it improves
the efficiency of search, i.e. it produces a higher success ratio

per unit of time and energy invested in searching behaviour.\

at

<
:'A

e AR (oo

Searching patterns used where resources are aggregated. In
~N

these cases it mgy be advantageous for an insect to search an
VAL

the aref;\oféearch include: (A) periodic increases in turning
tends?%/’generating looping or circling; (B) alternation in
@nir;g direction, generating zigzags; (C) adjustments in length
of moves between stops.

Dots indicate landing, circled dots represent landing on host

plants followed by egg lying.
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Behaviour search in egg laying females of Cidaria albulata , a
specialist on Rhinanthus spp. The moths fly shorter distances
between alighting's and show more turning flight near a host-
plant, thereby increasing the chance of alighting on a host
plant. Turning of flight path and alighting are stimulated by
host-plant odour.  Total number of plants=252; no. of
Rhinanthus plant=25 total no. of alighting =45; number of
alighting on Rhinanthus= 15
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Lecture: 4
ORIENTATION TO HOST-PLANT:

« Optical versus chemical cues :
Two important types of stimulus that could be used as
directionality cues by insects are optical and odorous;s

characteristics of plants. The relative importance of the two
f\\,’

varies between species, as becomes particularly noticeable

J\v
when diurnal and nocturnal species are compared. The nature
A N\
of optical and chemical plant derived cues differs in some
A 2N\~

important aspects. The unit of light erﬁrg& 'chphoton, moves

self-propelled at the speed of light. t‘he )spectral reflectance

pattern of a plant is not substantiéllv\altered by air movements
(

and is relatively constant at varying distances from the plant.
4X 1

In contrast, volatile compounds emanating from plants move
~A N\

slowly. In still air they move by diffusion and in all dimensions,
N -
but in moving air their concentration in space is highly
AU\ Y

variable. Odour concentrations rise sharply when the plant is
A N V4

approachedélﬁg)_solutely still air and complete absence of

turbulence are very rare, if not completely lacking, under
A\

natural circumstances and wind speeds of diffusion of organic
L

molecules In moving air, the normal situation, volatiles are

F

carried away from the source with the prevailing direction of air

flow.
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Schematic drawing of an undulatlng and meandering

odour plume and an odour S|gnal encountered over time

L\v

when an insect moves upwind in a straight line to a small

odour sourc@@ J

A
ORIENTATION TO HOST-PLANT:
A0V

« Optical versus chemical cues :

When cogsidering abiotic factors, optical plant characteristics
@ A:ellg’:ively constant with respect to their distribution and
IargeTy in dependent of temperature and wind speed, but of
course they depended on light intensity. Odours emanating
from plants have a spatially highly variable distribution and

concentration, which depends on wind speed, on temperature
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and to some extent also on light intensity. Moreover, the
quality and quantity of emitted plant volatiles may vary with the
plant’s physiological state and wounding effects. Apart from
these abiotic factors, the main issues to be considered
regarding the relative usability of optical and odorous cues are
their specificity and their active space, effective zone ‘%
effective attraction radius. Q

The maximum distance over which plant cues can gwde an
A N

insect to its host plant is another important facto_r, related to

the concept of active space. \Q
<

ACTIVE SPACE is defined as the spac\:e within which the
A ) 4

intensity of a stimulus or cue is above the threshold for a
(7

behavioural response. In  the absence of visual cues,
-~

behavioural responses to plant odours have been
T

demonstrated at‘dlstaq:JeS of 5 30m for several oligophagous
\ A d

species, with a maximum of 100m reported for the onion fly ,

Y

Delia antigua.
(@,

Although in some instances odours may remain attractive
Y

despite mixing with other plant volatiles. Thus gravid beet flies
AL WA

«Peg;)mya betae) are attracted by the odour of young beet
leaves over distances of up to 50m, even if these odours have
passed non-host plant. Optical contrasts in a mixed plant
stand may be perceived over distances of a few meters

especially in flying insects.
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] i dorous or optical -
stances over which odc o -al.
Table 52 [I)llave been shown to elicit positive taxis-

cues / . 4

plant herbivorous insect species
onses from
type resp
_—_——__——_——_7 )
Distance
1 nt) Reference

Insect species ( fi

Odorous cues - \
Leptinotarsa decemlineata 0.6 54 »

6 33
Ceutorhynchus assimilis 20 38
Delia radicum 24 41
Dendroctonus spp- 30 127
Pegomya betae 50 2
Delia antiqua 100 55

Optical cues

pDelia brassicae 2 87
Empoasca devastans 3.6 95
Leptinotarsa decemlineata & 115
Rhagoletis pomonella 10 4

Visual responses to host—PEnt gharacteristics:

Three optical characteristics of plants may influence host
. . A’\ “' . . .

selection beha\_/lo‘u/r:‘s\p’ectral quality, dimensions and pattern.

The spectral sensiti,vity of insect compound eyes range from

350-650nm v([u?_ar ultraviolet to red) and thus includes shorter
-
wavele@t@'than that of the human eye. The ommatidium, the

basic abotoreceptor and image-formation unit of the insect
c&rr}oound eye, is of a fixed-focus type. This results in
maximum acuity at very close range while at greater distances
perception of shape is poor.

Although the size of plants or plant parts and their shapes

show considerable variation between and within plant species,
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this variation presumably aids plant selection only at close
distances.
To illustrate visual discrimination some examples of insect

responses to optical host-plant cues, such as shape and color,

will be presented. ‘ é

A Spectrum for the human eye .

Violet-blue [Bd Green | Yellow | Orange Red

For the bee's eye

uv Violet-blue [BQ Green | Yellow Ora_

The responsiveness of day—foraglng butterflies to colours has

Lepidoptera:

been relatively well studies. When artificial green paper leaves
~ N

are offered to oligophagous cabbage white butterflies, P.
A eV

rapae and P. brassicae, naive individuals show landing
ALY

responses, albeit at much lower frequencies than with
cabbage IAeza\;:‘s‘.'Im%ediately upon alighting on the substrate
they stirt\tqrdrum it for a few seconds, even through specific
hosE—‘p‘Iz;r'\j[ chemicals are absent.

These butterflies switch their colour preference for landing
respénses from green leaf colour to flower colours (yellow,

N

blue and violet), depending on their motivation for oviposition

or nectar feeding respectively.
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Diptera:

Females of Rhagoletis pomonella in searching of oviposition
sites, i.e. apple fruits, the sequence of visually oriented
behaviour can be described as a series of consecutive steps.

At a distance of about 10m, a single tree is perceived as%

silhouette contrasting against the background. Perception of
~\.7

colour is unlikely at this stage, especially when the insect is
e\ d

facing direct sunlight, as is the perception of details of shape,
~A N\

because of its limited visual acuity. When’{he fly is at a

distance of a few meters or less from the plant and finds itself
AN\

either in front, under or above the tree crown, spectral quality
- )

and intensity of the reflected IigHt are the main cues evoking
(\.

alightment on e.g. foliage, frliité o)r trunk. At still closer range
(Tm or less), as a third step, detailed discrimination on the
basis of size or shape t{esnines possible.
N

In the cabbag& root, fly, Delia radicum, visually-based landing
responses‘ o‘clc%r,when the flies are offered artificial leaves that
have tﬁee{,painted with colours mimicking host-plant leaf
reflectance profiles.

@ﬂ/c:llarleaves (green paper dipped in paraffin and sprayed
with a surface extract of cabbage leaves) with a stem of
cabbage or not, were tested for oviposition preference of
cabbage root flies. The type with a stem is significantly

preferred for oviposition. Clearly plant colour, shape and size
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play important roles in the host selection behaviour of these

flies.

O

=20)

20

Mean egg counts (n

With stem Wllhout stem

Homotera: h

The attraction to the colour of foliage has been studied

L\
extensively in aphids and whiteflies. Brevicoryne brassicae
VAL )
and Myzus persicae allght in the field preferentially on leaves
AN

reflecting a greater proportlon of long-wave energy, with little
-

or no regard for the taxonomlc status of the plants. Since
sugar beet Iea?es have a higher long/short-wave ratio than
cabb'z?e\rle;av\e’s, more cabbage aphids alight on sugar beet
<Iea"\es‘;than on cabbage, although the former is not one of its
hosts. Long/short-reflectance ratio change with leaf age and

.

water status. The colour attraction of these yellow-sensitive
aphid species serves to bias their landings towards plants of
the appropriate physiological type rather than to recognize

their host-plant species. In fact, most diurnal insect are
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attracted to yellow. In many cases yellow surfaces act as a
supernormal stimulus, because they emit peak energy in the
same bandwidth as foliage, but at greater intensity.

Whiteflies avoid setting in the presence of short-wavelength

illumination (400nm), but will alight on green light (550nm). ‘1

Olfactory Responses to Host-plants:

We will discuss two examples of orientation to odours as
A\
demonstrated under laboratory circumstances, one of flying

insect and one of a walking insect. Q

Flying insect: )
When a flying female tobacco horgvormymoth is searching for

a host plant, she displays posrigvi‘anemotaxis i.e. she flies
upwind using the prevailing direction of air flow as a cue.
N\

Mechanoreceptors located on her antenna and serving as
. ALM @
anemoreceptors provide this directional information. Her flight
£ \ \Y
path can be described as a regular zigzag of limited amplitude.
A W

How does tp%oeour emitted by the tobacco plant come into
play? F;Etl{vthe host-plant odour may have acted as an
activator for flight to occur, by inducing the moth to take off
a (A

(rom a resting or walking condition. Once in flight, she may

v

pick up an odour plume emanating from one or a group of host
plants and her subsequent flight path is then mainly

determined by trying to prevent loss of the odour plume.
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Olfactory Responses to Host-plants:

When over a certain minimum time interval olfactory receptor
cells do not detect odour, a so-called casting response
ensues. The moth reduces speed and increases the amplitude
of the counterturns, thereby flying more across wind ar]%

regressing in a downwind direction. When during casting
~\7

odour molecules are picked up again by the olfactory seﬂgllla

upwind zigzagging is resumed. This sequence of @avioural
A V 4

acts may be reiterated until final approach o’f\the host plant.

Closer to the odour source the intervals between counterturns
A N\

decrease. This host-searching mech%nisT is designated as

odour-conditioned positive anen?o@xis. The female’s host-

plant searching behaviour is in\f(ac} similar to odour-modulated
A

upwind of male moths in seagh of females. In the latter case
e N

the odorous signal is a sex pheromone emitted by the female.
A -
A present view of the mechanisms steering this behaviour
a Vol ¢

maintains that therserial counterturning is controlled by a
motor progrglm:r‘ne in the central nervous system that is set in
motion by plfactory activity, but afterwards is continued
automgtklc;fy

57
OLFACTORY RESPONSES TO HOST-PLANTS:

Walking insect:
One of the best studied cases of the ability of a walking insect

to orient to host-plant odours is the Colorado potato beetle.

40



This specialist on solanaceous plants has a strong preference

for the cultivated potato on which it is one of the most

devasting insect pests. During the first 7 days of adult life the

beetles need to feed in order to fully develop their flight

muscles and as a consequence. Host-plant location is done QR
n

walking. To quantify its walking behaviour a locomotio

~\.
compensator in combination with wind a wind tunnel has been
A(\v
used. This instrument allows detailed and automated
A N

recording of walking tracks without the insect contacting any

'\'
obstacles. AN

When clean air is blown over a hungry beetle, it shows a
X )

menotactic response to the wind, maintaining a relatively
(\

constant angle to the wind dire\c(:tic;n. The walking track shows
A

circling by making turns of 3(& °. When the airstream carries
e N

the odour of intact potato plants, the straightness of the path

| o)

increases dramatlcally.»

A

OLFACTORY RESPONSES TO HOST-PLANTS:
a~lwv
Walkin{insect:
~
Now ciilrgling is absent, average walking speed is increased
£
and the beetles spend more time walking upwind.
This response can be classified as positive odour conditioned
anemotaxis. When the odour of non-host, for instance
cabbage plants, is offered, the track parameters are similar to

those recorded for clean air. When the odour of potato plants
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is combined with that of cabbage plants, the orientation
response to potato is neutralized and the walking tracks of the
beetles cannot be distinguished from those performed in clean
air.

Somewhat unexpectedly. Similar effects were found when
odour of another Solanaceous plant, wild tomato was offeréﬁ

Q\'

4
This plant is an unsuitable food for the beetle.
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Lecture: 5
Chemosensory basis of host-plant odour detection:

Insects heavily rely upon chemoreception when searching for
food, oviposition sites and mating partners, as well as for
social communication. In this context it is often stated thaté

insects live in a chemical world. Chemoreception refers to the

PN

classical senses of small (olfaction, organs for detecting
A

volatile chemical stimuli) and taste (gustation, or contact
~ \7

chemoreception for the detection of dis§elvgfl or solid

chemicals. The distinction between the two is not absolute as
A N\ \J

insect taste sensilla have occasionall@n found to respond

also to odours. t

Morphology of olfactory sensﬂla
~ N\

Olfactory chemoreceptor cells are associated with so-called
A Y

sensills (singular: sensillum), organs consisting of neurons,

\

accessory cells and a cuticular structure. The cell bodies of
.~ 7

neurons are located at the base of the sensillum. Typically
YA VK
there a&e t\wg to three neurons per sensillum, but examples of

mgre_ ‘(up to 30) neurons innervating one sensillum have also
been/ reported. The dendrites are wusually located in
specialized cuticular structure, which are classified on the
basis of external form. They include hairlike varieties, pegs
and cones. Pegs or cones sunk in shallow depressions and

pore plate organs. Chemosensory neurons are mostly bipolar
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and their axons run to the CNS via peripheral nerves without
intermittent synapses. A filament-like extension of the neuron
that protrudes into the sensillum cavity, the dendrite, is
specialized to respond to the chemical stimulus with a graded
potential called the receptor potential. When the potenti_%

reaches a value above a certain threshold, it gives rise to a’
Q)¢

&

There are some important structural differences between
A N\

olfactory and gustatory sensilla. {)Ifa)ctory sensilla are

multiporous, the entire sensillum }Na\ll or plate is perforated by

up to thousands of minute po\zesA (diémeter about 10-50nm)
A

and dendrites are often branched. In contrast, gustatory
A N

sensilla are uniporous, the pore (diameter 200-400nm) mostly
LN N

train of action potentials.

Morphology of olfactory sensilla:

being located at the very tip of a peg- hair, or papilla-like
a Vol 4

sensillum. In \both 9ases the dendritic tips are close to the

pores, but que ’Lorotected from desiccation by receptor lymph,

which is secreted into the sensillum limen by the tormogen and
AN

trichogen cells at the sensillum base. Olfactory sensilla are

L™
‘predominantly present on antennae but may also occur on

palpi and ovipositor.
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>

SCHEMATIC DRAWING OF A LONGITUDINAL AND A
al N
TRANSVERSE SECTION OF (A) AN INSECT OLFACTORY

HAIR AND (B) AN INSECT TASTE HAIR. @\'

Sensitivity of olfactory sensilla : &
\

Like most sensory cells, chemoreceptors are especially

A 7
responsive to changes in stimulus intensity, i.e. change in the
(7 =

concentrations of chemicals. Olfactory cells have been shown
to handle up to ten odour pulses per second, which means

A (NS~
that they can resolve the temporal pattern of odour bursts in a

A A N
plume quite well. Responses to constant stimuli generally
~N v
show sigmoid concentration response relationships at the level

LAY
of electroantennogram (summated receptor potential) as well

e N 4
as single cell recordings.

(YA N4
@on, increasing the odour concentration by one order of
magnitude, EAG amplitude and frequency of action potential
typically become 1.5 - 3 times higher until saturating
concentrations are reached, above which no further increase

occurs. The discrimination of concentration differences is
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optimal in the range between threshold and saturating
concentrations, i.e. the rising phase of the dose-response
curves. This in principle enables the insect to sense odour

gradients, on the basis of which it may perform tropotactic

behaviour. ‘ .5

Sensitivity of olfactory sensilla : J\Q

Sensitivity of detection is enhanced enormously by the neural
A N
phenomenon of convergence. The axons running from
N 4

olfactory receptor cells make synaptic contacts with a limited
A N\

number of first-order interneurons in the antennal lobe of the
-« )

brain. Which means that they c}oQ/erge? This leads to an

amplification of the signal (an interneuron receives inputs from
« X 1

many receptor cells simultan‘eously and its threshold may
N

therefore be reached at a lower concentration than that
A ™
necessary to depolarize a receptor cell) and improved signal-
s Vakt 4

noise ratio Q/ serparating background activity from the

presence‘(‘)fl‘a, volatile signal. Thus, a 100-1000-fold
amplification, of the signal can be measured in the
deytgrgck:er\e'bral internneurons responding to green leaf
volz;tilke; in the Colorado potato beetle, as compared to the

7

sensitivity of its antennal receptors. The interneurons are

organized in so-called glomeruli.

Specificity and olfactory coding:
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Summated receptor potential (EAG) recordings from several

species of insects have shown that generally occurring plant

volatiles, such as green leaf alcohols, aldehydes, acetates and

terpenoids evoke different response. The responses increase

in amplitude with increasing carbon-chain lengths of tl”%
r

alcohols and aldehydes until an optimum is reached at or nea
~\.
C 6 -compounds, which at the same time are the most

abundant chemicals in leaf headspaces. @
~a

How do olfactory receptors encode the muI’t@dg of volatile

chemical stimuli present in the outside world into a message
A N\

that will increase the chance of findirg a host plant?. Rather
i )
than total antennal responses ‘elictrophysiological studies

based on recordings of the \?c’aivity of individual olfactory
A

neurons, so-called single-cell;ecording, offer the possibility to
e N

determine which individual plant chemicals evoke changes in
A -
chemosensory activity (excitation or inhabitation), and how
Vol 4

mixtures of che\micals are coded.
Speciﬁﬂtyér)d olfactory coding:
The olfactory system functions as a filter because olfactory

« L
receptors are sensitive to only a limited array of stimuli. For

T

each olfactory and gustatory receptors two main categories
are recognized: specialist and generalist chemoreceptors. A
specialist cell responds to only a small number of structurally

related compounds. Among olfactory receptors, sex
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pheromone receptors are the classical example of specialist
receptors. Recordings of neural responses evoked in single
olfactory cells, obtained from some oligophagous species,
have revealed the presence of specialist-type olfactory
neurons that are sensitive to certain host-plant specit%

volatiles only. Such specialist receptors have been found

~\.
among others, in coleoptera, lepidoptera larvae and aphids,
A(\v
but not in all species studied. Volatiles emanating from plants
AN

in most cases excite generalist-type odour’\rec_eptors. The

response spectra of generalist receptors areToy definition fairly
A N\

broad and vary from cell, often with overlapping patterns.

Specificity and olfactory codingy%’
A )

Sex pheromones, genes codi&g for carrier proteins that bind
e N

the pheromone molecules and transport them to the dendritic
D Y
membrane have been cloned. In a addition genes coding for
a Ve 4

carrier proteins binding to general odourants have been
A N ) 4

characteriie‘dl Qseveral moth species.

The existeljce 068f specialist and generalist olfactory
re(;eptc‘;rks;e reflected in present ideas on the processing of
sen‘so‘ry,information in the CNS. Labelled-line codes have

T

been inferred to operate in oligophagous species, in which the
activity of such specialized chemoreceptors will trigger kinetic
responses or odour-induced anemotaxis either positive or

negative.
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Host-plant searching in nature:

When insect is searching in the field, it meets a multitude of
stimuli, which are distributed heterogeneously. Inherent to the
field situation is a lack of control over abiotic parameters ar]%

the stimulus situation. It is therefore difficult to assess the
~\.
relative importance of the two main stimulus modalities, optical
A(\v
and odorous plant cues. For several insect species it has been
A N

shown that significant stimulus interactiong,\océ:ur. During

searching for food or oviposition sites, the importance of
A N\

different types of stimuli may change w‘ith ciistance to the plant.

Apple maggot fly is one of the calj‘se\s of stimuli interaction, its

visually-guided host searching\PePaviour has been described;
A

these flies are highly responsiv‘e to particular visual stimuli, but
N

only after they have&e&r&tivated by apple odour. They show
preferences for either yellow or red, depending on the size of
o Vol 4

the object and\their ;notivational state. Spherical red objects of
a limited dia‘meter are preferred when the fly is searching for
oviposi‘t.ikorT\:s,ilte:. In order to acquire carbohydrates, the flies
feed on aphid honeydew, which is present on apple leaves.

(ST

Host-plant searching in nature:

, larger yellow spheres are preferred over red ones when the
motivation for carbohydrate ingestion is high. Yellow serves as

a supernormal substitute stimulus for the green hue of apple
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leaves; apple odour elicits upwind flight and odour-induced

anemotaxis allows the flies to locate an apple-bearing tree

within a patch of trees devoid of apples by a series of tree-to-

tree displacements. In the same way they can find a synthetic

odour source outside an odourless patch. Once at a tr%
S

bearing apples, selection of individual fruits by size or colour i
~\.
done mainly visually. However, when there are few fruits or
T \NY
when they are green instead of red and therefore lack contrast
AN\

with the leaves, odorous cues are used to aid the selection
A N\ "

process. In contrast , host selection behaviour of bark beetles

_ _ A N\ _

in forest ecosystems is largely goveQed) by chemical cues.

highly intricate chemical communication systems are operating
(\ .

based on complicated interacti\gmi between host-tree odours,
A

aggregation pheromones wduced by the beetles or
e N

associated microorganism, and interspecific inhibitory

semiochemicals. 3
q\’@\
@
6
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