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PHEROMONE-LIKE SUBSTANCES AFFECTING HOST-
RELATED BEHAVIOUR OF LARVAE AND ADULTS IN THE
DRY BEAN WEEVIL, ACANTHOSCELIDES OBTECTUS
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——
Research Institute for Plant Protection, H-1525 Budapest, Pf. 102, Hungary

Males and females of the dry bean weevil, Acanthoscelides obtectus deposit chemically
unknown substance(s) on beans during various activities (most probably during defeca-
tion), under laboratory conditions. The marking results in avoidance of these beans by
other females for oviposition. Also, first-instar larvae are influenced to disperse more by
the deposited substance(s), so that they are more likely to find unmarked beans to enter.
No specific marking behaviour by adults was noted. That the deterring substance(s) might
originate from microorganismic activity after deposition has occurred, is improbable. Pos-
sible explanations for sources of marking substance(s) and the significance of the corre-
sponding behaviour in this species are discussed.

Key woRDs: Acanthoscelides obtectus - dry
bean bruchid - oviposition behaviour - epideic-
tic pheromone - egg and larval distribution.

Distribution of trophic resources and space by
parents for their progeny by chemical marking
after ovipostion has been frequently recorded
in insects since Salt (1937) first reported such
behaviour in parasitoids. As a result, conspeci-
fic ? 9 detecting the substances deposited, do
not continue laying eggs into the same sub-
strate provided alternative egg-laying sites are
available. Basically such a behaviour could be
considered to be a specific type of territoriali-
ty, in which benefit is gained by the marking
individual, increasing its fitness. In general,
the mediating substances are termed “epideic-
tic pheromones”’, and they provide information
about population size for individuals present
on a limited resource (Prokopy, 1981).

In Bruchidae, on the basis of behavioural
observations with Callosobruchus chinensis L.,
Utida (1943) considered the possible reasons
for even distribution of eggs by @ 2. Later, the
egg-laying behaviour and the production of
oviposition-deterring substances associated
with it were investigated thoroughly by Yoshi-
da (1961), Umeya (1966) (both cited in Umeya
& Kato, 1970), Oshima et al. (1973) and Ya-
mamoto (1974). With C. maculatus (F.) a simi-
lar oviposition behaviour was described by Yo-
shida (1961), Umeya (1966) and by Mitchell
(1975), stating that ? @ avoided ovipositing on
beans already “‘conditioned” by other % %.

Another bruchid, Zabrotes subfasciatus Boh.
has a similar behaviour (Umeya, 1966).

The dry bean weevil, Acanthoscelides obtec-
tus is an important granary pest. Its life cycle,
in Hungary, is divided into outdoor and indoor
phases (Sziics, 1959; Javor, 1970). In the field,
females gnaw holes along the suture of ripen-
ing bean pods and insert several eggs. In
stores, eggs are scattered at random in small
clusters around beans and will only be distrib-
uted evenly when adult density is high (Umeya
& Kato, 1970). Competition for food among
larvae in overcrowded circumstances can be
severe (Sandner, 1962), though modified by
the size of seed (Szentesi, 1972); from a single,

.19 mm sized bean as many as 40 adults (A.

Szentesi, unpubl.) may emerge. Only first-
instar larvae have legs and they walk to find a
place to enter the beans. In A. obtectus,
Umeya & Kato (1970) found experimeritally
that @ @ were unable to differentiate between
beans ‘“‘unconditioned” and “conditioned” (al-
ready used for egg-laying by other ¢ ¢).

Bean weevil cultures usually have a very
characteristic odour, mainly due to a male sub-
stance thought to be a pheromone (Hope et al.,
1967). The presence of some other chemicals is
also highly probable, and therefore deposited
substance(s) may play a definite role in such
phenomena, as (1) the even distribution of
eggs at higher adult densities (Umeya & Kato,
1970), and (2) a significant divergence from
the otherwise random distribution of bore
holes made by the first-instar larvae (Labeyrie,
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1960). Aggregation of larvae before entering
the beans has also been observed (Labeyrie,
1965).

This paper considers the above problems
and attempts to demonstrate under laboratory
circumstances that substance(s) which we may
call deterring pheromone(s), do indeed exist in
A. obtectus. Tt also suggests to find benefits
that might be gained by a population having
such a behaviour.

MATERIALS AND METHODS

Adults of A. obtectus were obtained from a
laboratory culture maintained for about 10
years (Szentesi, 1972). Seeds of beans which
were considered to be pheromone-marked by
adults were obtained from regularly used egg-
laying cylinders, unless otherwise stated, in
which 150 to 200 g beans and ca. 10,000 adults
were confined for 3 weeks. Virgin adults were
collected using a method described elsewhere
(Szentesi et al., 1973).

Surface rinses of pheromone-marked (PM)
and unmarked (UM) beans, as well as extracts
of adults were prepared and tested. In order to
cover the surface of beans by extracts, a meth-
od described by Muschinek et al. (1976) was
used. In short: known quantities of solutions
were poured onto cleaned, dry beans in a glass
container and, while shaking continuously, the
solutions were rapidly dried onto the surface of
seeds under a cool or warm airstream.

The ability of first-instar larvae to enter PM-
beans was investigated and direct observations
on behaviour possibly associated with marking
were also made.

In all test Phaseolus vulgaris cv. “Harvest-
er” and “Koézép fehér” beans of the year 1977
were used. For Exps. 1t04,10 88 and 10 ? @
of freshly emerged A. obtectus were used per
Petri dish, to examine ovipositional responses
to PM- and UM-beans. All experiments had 3
to 10 replicates (= Petri dishes or vials). Ovi-
position tests were conducted in total darkness
with a temperature of 26° = 2° and a relative
humidity of 60-70%, unless otherwise stated.
The tests were usually terminated after 10
days, except for Exp. 5, and others where
stated. Oviposition preference tests were eval-
uated by counting the number of eggs laid in
respective sectors or vials, then by using the
so-called discrimination quotient (DQ) (David
& Van Herrewege, 1970) which is given by the
formula:

No. of eggs laid on UM-beans - No. of
eggs laid on PM-beans
DQ =

No. of eggs laid on UM-beans + No. of

eggs laid on PM-beans

Multiplication by 100 gives the quotient as a
percentage. Preference for an unmarked sub-
strate is indicated by positive values of DQ and
aversion by negative values. The DQ values
can range between +100 and —100. In choice
tests, treatments inside the Petri dishes were
not independent, therefore it was not possible
to apply calculations of significance. Thus, in
such cases only the DQ values are given indi-
cating the level of responses. In experiments
with independent treatments, student’s t-test
was used.

The following experiments were carried out:

Exp. 1. Preliminary test with beans marked
by a group of adults.The purpose of the test
was to obtain an indication of marking on
beans. Petri dishes (9 X 2 cm) were divided in-
to 4 sectors by paper walls (87 X 7 mm) at-
tached by melted paraffin wax. PM- and UM-
beans (24 in each) were put into 2 opposite sec-
tors.

Exp. 2. Oviposition on beans marked by vir-
gin and mated, 33 and ? 2, resp. Egg-laying
cylinders of 13 X 11 cm were prepared. Test
insects were collected daily and stored at 6°.
Altogether ca. 2100, 1-7-day-old & and 29
were allowed to mate for 1 day (a period ad-
equate for the majority of @ @ to be insemi-
nated) at 26°, then cooled down to 6°, sexed
again, and confined in egg-laying cylinders
with 160 g beans at 26°. Honey water was pro-
vided as food. Approx. the same number of
virgin ¢ ¢ and 33 received the same treat-
ments (cooling, etc.) except that they were al-
ways kept separate. The 4 groups of adults
were allowed to remain on the beans for 5
days. Beans from the cylinders were tested in
choice tests as described above. Prior to the
tests any eggs on the surface of the beans were
removed.

Exp. 3. Oviposition on surface rinses of PM-
beans. Samples of beans collected over 3
months from egg-laying cylinders and stored in
a refrigerator at —30°, as well as UM-beans
(1570 g each) were washed either with 200 ml
n-hexane (purified by vacuum dist.) or with the
same quantity of dist. water, for 30 sec. The
solutions were sifted, centrifuged at 6000 rpm
for 5 min, then stored at —30° and +5°, resp.

-
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As the solutions had to be stored (for technical
reasons) for ca. 1 month, just prior to the ex-
periment fresh rinses of beans, pheromone
marked for 5 days, were also prepared. The
rinses were applied at a dosage equivalent to 8
g PM-beans per Petri-dish sector on fresh
seeds, as this quantity had already proved to
be quite effective in Exp. 1. Here also choice
tests were used.

Exp. 4. Responses of @ ? to extracts of virgin
and mated, 338 and % %. The four kinds of
adults, 5—10 days old (no. = 1017 * 58), were
washed with n-hexane (purified) at room tem-
perature. The extracts were stored at —30° un-
til use. In choice tests, beans treated with 1, 10
and 100 adult equivalents (AE) of the extracts

» were tested.

Exp. 5. Response of newly hatched larvae to
PM-beans. In 4 separate series of Petri dishes
(9 X 2 cm) 90 beans of the same variety and
age were placed as follows: (1) PM-beans only,
(2) UM-beans only, (3) PM-beans and UM-
beans in 2 sectors, but not isolated by paper
walls, and (4) PM- and UM-beans mixed ran-
domly. Consequently, variations (1) and (2)
are no-choice types, while (3) and (4) are
choice experiments. Over the beans, 836 * 157
newly laid eggs per Petri dish were distributed
randomly. After hatching of the larvae the per-
centage of egg mortality was determined. Be-
sides this, other factors (see Table IV), consid-
ered to be indicators of the effects of PM-
beans, were also evaluated. To determine the
number of bore holes per bean by first-instar
larvae (L,), all beans were thoroughly exam-
ined. The % of L;, dying before entering the
beans was established for each Petri dish or
dish-sector. After terminating the tests all the
beans were dissected and dead insects were
counted.

Exp. 6. Observations on behaviour of both
sexes on beans. 33 and ? % (23 altogether),
mated, 3 to 4 days old, and deprived of egg-
laying (kept without beans) at 23° and 75%
r.h., were put individually into vials (5 x 2.5
cm) containing a single bean. The exploratory
and host-acceptance activities of adults were
closely foliowed through a binocular micro-
scope from the first contact with the seed till
depositon of the first 3 to 4 eggs or for ca. 45
min. Each seed and adult was used only once.

Exp. 7. Experiment to exclude the role of mi-
croorganismic activities. Ca. 2800 mated §4J
and ? ? (see the method at Exp. 2), 4 days old
and deprived of egg-laying sites during this pe-
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riod, were allowed to visit and mark 207 g
beans for 2 hr only. Immediately afterwards,
all the eggs deposited on the beans were re-
moved and then 6.4 + 0.3 (S.D.) g seeds/Petri
dish sector or vial were tested in choice and no-
choice tests, resp. Each test lasted 6 hr. For the
choice test, 10 3 and 30 2 % per Petri dish
and for the no-choice tests, 5 4 and 15 ? ¢
were used. In the latter, PM- and UM-beans
were placed in separate vials. Tests conditions
were: total darkness, 23° and 85% r.h. After
terminating the test, the number of eggs depos-
ited was counted. No. of replicates: 9.

RESULTS

In Exp. 1. ovipositing ¢ showed a strong
preference for UM-beans, the DQ value was +
71.6 = 7.3 (8§.D.)%, i.e., oviposition was in-
hibited on PM-beans. There was an average of
26.8 £ 5.3 (8§.D.) eggs laid per ? on UM- and
4.3 £ 0.6 on PM-beans.

In Exp. 2 ovipositing ? ? again definitely
preferred UM-beans, and preferred those
marked by either virgin or mated ? ? to those
marked by either virgin or mated § 3 (Table
I). DQ values differed substantially from each
other, and though significance tests could not
be applied, differences between S.D.-s may in-
dicate reliability.

Distilled water rinses of PM-beans (Exp. 3),
either stored or freshly prepared, conferred a
considerable level of deterrence on treated
beans. The rinse made with n-hexane pro-
duced ca. half as much response (Table II).

There is some indication that at high doses
extracts from adults are slightly deterrent.
However, seemingly even 100 AE was not high
enough to give a definite inhibition response.
At 1 AE there was a weak stimulative effect by
the extract of mated & 8 (Table III).

Newly hatched larvae preferred UM-beans
and made significantly (P = 0.1%) more bore
holes in the no-choice situations (Table IV,
Exp. 5). In choice tests similar preference and
difference between the numbers of holes on
PM- and UM-beans were noted. The % of L,
dead per Petri dish was significantly (P =
0.1%) higher in the presence of PM-beans,
while in choice tests it was lower. Significantly
(P = 0.5%) more adults emerged from UM-
beans. By contrast, there was no significant
difference between PM- and UM-beans in %
of dead instars inside the beans (other than
L,). There was a minimum 3.3 = 0.6 % and a
maximum 3.6 = 0.6 % of egg-mortality in the
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TABLEI

Oviposition response of naive A. obtectus ? @ (in pairs with 8 3) to beans phero-
mone-marked by adults of different sexes and reproductive state. 10 replicates

Sex and no. of No. eggs laid by ? @ Discrimination
adults marked UM-beans PM-beans quotient (%)
vig 1059 55.0 + 7.6 34+16 + 883+ 5.0
ve 957 53175 14.7 + 8.0 + 58.0 + 17.5
Mz2& 1074 57.8 + 8.4 4.4 +36 + 859+ 114
M? 978 484 + 89 155+ 5.7 + 51.4 + 149

IV = virgin; 2M = mated; 3S.D.

TABLEII

Oviposition response of naive A. obtectus 2 @ (in pairs with 3 3) to surface rinses of
pheromone-marked beans in choice test. 7 replicates

Surface rinse

Solvent: dist. water

Beans: UM! 558+ 6.23
PM! 13.5+ 3.6
UM:? 63.6 £ 11.6
PM2 7.7+ 21

Solvent: n-hexane

Beans: UM! 500 £ 5.1
PM! 253+ 3.7

No. eggs laid per @

Discrimination
quotient (%)

+ 61.5 £ 5.8

+ 782 6.1

+ 328 7.7

1 Stored at + 5° or — 30° for ca. one month; 2 Prepared freshly; > S.D.

four variants, and they were not significantly
different.

No identified “marking behaviour” was ob-
served in Exp. 6 with either 8 3 or ¢ ¢, while
on beans, nor was excretion or deposition of
any specific substances noted. However,
touching of the surface of beans with the slight-
ly extruded ovipositor or with the tip of it, did
occur with ¢ ¢ before and after egg-laying.

In Exp. 7, a test designed to exclude the role
of micro-organismic activities on PM-beans,
both in choice and no-choice tests, there was
an oviposition depressing effect noted on fresh-

TABLEIII

ly marked PM-beans. In the choice test, 2 ¢
preferred laying eggs on UM-beans (129.7 +
36.2 eggs vs. 50.1 * 18.4). The DQ value was
+ 43.5 * 17.3%. In independent treatments,
? ¢ laid significantly (P = 0.5%, t_ = 3.352,
DF = 16) more eggs also on UM-beans (148.3
+46.2 eggs vs. 86.2 * 30.8).

DISCUSSION

It is clearly demonstrated that A. obtectus
adults deposit chemicals on beans, both whilst
ovipositing and just moving on them. Beans at-
tended by the adults highly deterred new @ ¢

Oviposition response of naive A. obtectus ? @ (in pairs with 3 3) to n-hexane ex-
tracts from adults of different sexes and reproductive states. 7 replicates. AE = Adult

1AE

10.4 £ 20.8
1.9+ 143
224+ 77

<+

.8
2
2

equivalent
Extract! Discrimination quotient (%)
Dose: 100 AE 10 AE
Virgin 338 + 6.6 £ 12.8 + 1211
Virgin @ @ + 65*15.1 + 2.0+2
Mated & & + 27227 + 04 %2
Mated 2 @ + 15.5 £ 10.9 - 7.2+15.

1 Made of 1017 £ 58 adults; 2 S.D.

<+

17.7 £ 16.0
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TABLEIV

Responses of first-instar larvae of A. obtectus to pheromome-marked beans. 5 replicates

Quality of beans No. (£ S.D.)L, % (£ S.D.) % (£ S.D.) % (£ S.D.)
Petri dish bore holes mortality of L, mortality of adult emergence
per seed before entering other instars
the beans inside beans
1. UMonly 0.9 £ 0.1a 15.0 £ 4.8¢ 2.6 + 0.6e 61.6 £ 11.5f
2. PMonly 0.5+ 0.1b 26.8 + 6.2d 1.6 = 1.0e 345+ 9.3g
3. UMand 09 +£0.2 8715 23+12 485+ 3.4
PMin2 04 *0.1 2.6 £ 0.1 0.6 0.7 173+ 44
sectors each
4. UM and 1.0 + 0.1 17.6 £ 3.2 1.3+x1.0 389 64
PM randomized 05+0.1 03+03 133+ 33

1 and 2 are no-choice, 3 and 4 are choice experiments. a—b: P = 0,1%; f—g: 0.5%; c—d: 1.0%; e—e: not

significant.

from repeated egg-laying. Our finding is in
contradiction with that of Umeya & Kato
(1970), who found that 200 beans conditioned
for 24 hr by 200 & & and 9 ¢ separately did not
hinder further egg-laying of 3 or 10 pairs of
adults.

Further, substance(s) deposited on the sur-
face of beans can be washed off by either aqua
dist. or n-hexane. It is also reasonable to sup-
pose that among the active constituents the
majority are polar. Similarly, with tephritids
such substances were also found to be water-
soluble (Katsoyannos, 1975).

Regardless of sex and reproductive state
(i.e., virgin or mated) adults may produce sub-
stance(s) having similar effects but different
levels of inhibiting influence on oviposition
(Tables 1, III). It should be noted that: (1) the
substances are not necessarily the same with
33 and 9 9; (2) it is not unambiguous that the
chemicals involved are used for oviposition-de-
terring “‘purposes’ only; (3) prior to and after
mating the nature of the chemicals does not
seem to change. The level of oviposition inhibi-
tion by substances deposited either by mated
or virgin ? 2, was not as high as in the case of
beans marked by & 3, but still significant de-
terrence occurred. By contrast, Oshima et al.
(1973) found greater activity with an extract
obtained from @ ¢ of Callosobruchus chinensis
L. than from 3 3.

First-instar larvae also differentiated be-
tween PM- and UM-beans. Labeyrie (1960)

i found that the distribution of bore holes by L;s
on uncontaminated dry beans was totally ran-
dom. Therefore, the preference for entering
UM-beans in choice tests must have been elic-

ited by a factor present on the surface of PM-
beans (Table IV). Egg-mortality values
showed that substance(s) on PM-seeds did not
affect egg-hatch. The differences in the num-
ber of bore holes per bean-seed were not due
to differential egg-mortality. The % mortality
in L;s, however, was different in PM- or UM-
beans, i.e., in the no-choice situation the wan-
dering period must have been longer, while in
choice tests few larvae remained in PM-sectors
and aggregated more under UM-beans. We
consider that marking substance(s) increased
larval mortality, no matter how indirect the
process was. Thus, the young larvae must have
kept moving around as a result of the deterring
effect, which in turn enhanced the rate of mor-
tality, probably by increasing the risk of des-
iccation. Marking substance(s) did not inter-
fere with development inside the beans. The
number of adults emerged merely reflected the
preference by L;s.

The egg-laying habits of A. obtectus @ ? and
larval behaviour together make it possible for
newly hatched larvae to avoid marked beans at
low population levels. The majority of eggs are
usually laid in clusters under single seeds or
nearby (Umeya & Kato, 1970). Larvae are not
obliged to enter the beans on or under which
egg-laying occurred; they possess legs and acti-
vely move among the beans. The oviposition
and larval characters are thought to be more
ancestral ones (Pfaffenberger & Johnson,
1976) than the egg-laying habits of some other
species, where eggs are mostly placed singly on
beans at low adult density, and hatching larvae
enter the beans directly (e.g., C. maculatus F.;
Mitchell, 1975). Thus, by detecting substances
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on beans, both larvae and adults of A. obtectus
may confer benefit by dispersal, as they pro-
duce a more even exploitation of beans, sup-
posing that avoidance of larval competition is
advantageous for the population. With A. ob-
fectus at least, such marking substances may
have more than one function, because they inf-
luence larval dispersal, too.

The lack of a conspicuous ‘“marking behav-
iour” by adults (Exp. 6) suggests other ways of
marking, e.g., through defecating on beans. It
seems likely that the primary source of mark-
ing material is, or can be found among the de-
fecated substances.

It could be supposed also that the oviposi-
tion-deterring effect was the results of growth
of microorganisms on the deposited substan-
ce(s). However, a test (Exp. 7) carried out
within a reasonably short-time period showed
that a 2-hr marking and a 6-hr testing resulted
in a significantly decreased oviposition re-
sponse by naive ¢ ?. This indicated that the ef-
fect is not the consequence of microbial activ-
ity.

It was shown with tephritid fruit fly species
that the effect of deterring pheromones de-
pended on several population characters, like
density, on availability of food for larvae and
on the oviposition drive of 2?2 (Prokopy,
1972, 1977, 1981). Such substances were usual-
ly effective only at low density.

There are some features in the population
and behavioural ecology of A. obtectus adults,
which, we feel, one should also take into ac-
count when considering the origin, use and sig-
nificance of substance(s) deposited on beans.
Firstly, one can consider the pre- and post-co-
pulatory behaviour of A. obtectus. Both 33
and 292 are continuously present at mating
and egg-laying sites, at least in stored beans.
Males permanently produce an allenic ester
(Horler, 1970), which appears to be an aphro-
disiac-type pheromone and supposedly influ-
ences receptivity of @@ to mate (Halstead,
1973). He also found the ester to be extremely
stable in hexane or benzene solutions. There-
fore, together with a real, water-soluble ovipo-
sition deterring pheromone produced by the
Q @, there are at least two different substances
present, which, depending on ratios and con-
centratons might have multiple functions. Sec-
ondly, polyphagous insects also deposit ovipo-
sition-deterring pheromones (Prokopy, 1981);
consequently, the use of such substances must
be correlated with the size of a given unit of

food and only to a lesser extent with the degree
of food specialization. Still, the evolutionary
significance of oviposition-marking substances
seems to be more evident in the case of mono-
or almost monophagous species (Prokopy et
al., 1977). A. obtectus is an oligophagous spe-
cies. This character theoretically decreases the
importance of marking, especially if alterna-
tive food plants were simultaneously present.
However, both in field and store conditions in
Central Europe, infestation is largely restricted
to beans; therefore, the significance of deter-
ring substances might be considerable. Thirdly,
at high infestation levels, numerous bean wee-
vil larvae can develop in a single seed, though
they also show an aggregative behaviour in the
colonization of seeds (Labeyrie, 1965). This
does not suggest that the effects of larval com-
petition are severe. Such circumstances may
also indicate an increased threshold of sensitiv-
ity to substances present in this species.

It is also worth mentioning that, unlike many
other phytophagous insect species in the tem-
perate zone, the bean weevil usually lives in
stored beans, i.e. in limited quantities of seeds
removed from the pods. The available food
will then eventually be completely used up and
only empty seed-shells will remain. The adults
move almost continuously among the beans
and during walking and egg-laying they proba-
bly defecate (mark) all beans present even if
only a portion would actually still support de-
veloping larvae. In this way, the adults seem to
produce a “‘super territory” (Verner, 1977)
during early stage of colonization. As the pop-
ulation increases, the self-deterring -effect
should be more and more influential. What
kind of advantage could the population, as a
whole, enjoy by marking in such a situation?
One can suppose that the deterring phero-
mone, at low population levels, provides a
more or less even distriburion of eggs and L,
only, while at high abundace, it would also ini-
tiate migration of adults and help them to dis-
cover new food sources. We are not going to
give the impression that the oviposition mark-
ing substrate of the bean weevil is the adaptive
consequence of life in stores. The possible im-
portance of the same behaviour in the field is
also emphasized; however, there are only
speculations available here. Oviposition-site
marking may regulate infestation patterns and
decrease the probability of overloading bean
pods with eggs, especially in marginal zones of
bean fields when the beans intercrop with
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maize, where the highest infestations are
usually found (Labeyrie & Maison, 1954; Szen-
tesi & Palfi, 1975).

The author thanks R. J. Prokopy and V. La-
beyrie for criticism on an earlier version; the
members of the Zoology Department of the
Research Institute for Plant Protection, Buda-
pest, Hungary, and especially Dr. T. Jermy for
comments and Mrs. A. Mydl6 for technical as-
sistance.

RESUME

Comportement de ponte d’ Acanthoscelides
obtectus: on évidence de Uexistence d’une
pheromone répulsive et discussion de ses
fonctions

Les males et les femelles d’A. obtectus déposent des
substance(s) encore non-identifiées sur les grains du
haricot au cours de leurs diverses activités. Ce com-
portement de marquage fait que les autres femelles
hésitent & pondre des ceufs sur ces grains. De plus,
les substance(s) déposée(s) poussent les larves du 1¢r
stade a se disperser plus vigoureusement, par con-
séquent, elles sont enclines positivement a entrer
dans les grains sans marque. On n’a observé aucun
comportement marqueur spécifique chez les adultes.
La possibilité d’une origine microbiologique des sub-
stance(s) répulsive(s) a été eliminée. Les origines
possibles des substance(s) de marquage et la signifi-
cation de ce comportement sont discutés.
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