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1. INTRODUCTION

It has been well established in competition studies among larvae that the
developmental time from larva to adult is a function, among others, of
culture density (Barker and Podger, 1970). The studies on minimal food
requirements show the e'cistence of a "critical period" necessary to attain
the pupal stage (Bakker, 1959, 1969; Robertson, 1963, 1964). The
phenomena of competition among pre-adults are interpreted as a result of
species interactions and/or genetic interactions, in the light of the
methodology applied up to now (De Witt, 1960; Huang eta!., 1971; Toié
and Ayala, 1981; Mather and Caligari, 1981). Generally no approach has
been made to the dynamics of the larval competition process. By means
of a new experimental method designated here as "overfeeding", it has
been possible to analyse the dynamics of this process and to show the
existence of "stopped development" in 3rd instar larvae. This phenomenon
can lead to either larval death or pupation in the presence of a food supply.

2. MATERIALS AND METHODS

The experiment was designed in order to analyse what happens in
competition cultures, and basically consists of a break in the competition
conditions. The stocks used were the following: the wild type strain of
Drosophila melanogaster Oregon-R (Or/Or), a wild type strain (+ /+)
isofemale line from a cellar in Requena (Valencia, Spain) and an isofemale
line carrying the cardinal (cd/cd) eye colour mutation (3—757) coming
from the cellar previously mentioned. All experiments were carried out in
a room at 25±1°C with 60±5 per cent relative humidity and constant
lighting.

Seventy larvae aged 2 2 hours were placed in two kinds of vials: large
vials (10 x 27 cm) containing 50 ml of Lewis medium and small vials
(4 x 08 cm) with 0•5 ml of the same medium. A total of eight replicae was
made. Each one consists of one large vial and nine small vials. The large
vial was considered as control in non-competitive conditions. One small
vial was not overfed and was considered as a control in highly competitive
conditions. The other eight small vials were overfed as follows: each was
transferred to a large vial with inclined medium (overfeeding vial) on eight
different occasions. The first small vial was introduced into the overfeeding
vial on the 4th day of culture, the second one two days later and so on
until 18th day when the last small vial was overfeeding. After 24 hours
contact between the two vials was interrupted by taking away the small
vial. All larvae migrated spontaneously and rapidly to the overfeeding vial
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except a very few which stayed in the small vial when the overfeeding was
carried out on the 4th and the 6th days of culture. In this way the larvae
were separated into two groups: the inner population, composed of those
larvae near pupation and pupae at the moment of overfeeding, and the
outer population, composed of those larvae which had migrated to the
overfeeding vial. Emerging adults were counted and removed every day
up to the end of the cultures.

3. RESULTS AND DISCUSSION

Table 1 represents the mean developmental rates expressed in days for
the two controls (5•0ml and O5 ml), and for the inner and outer populations
in the various overfeeding days. Fig. 1 represents the mean developmental

30•

25

20

15

10

5.

50mt 4 6 8 10 12 14 16 18 05ml
Day when overfeeding started

FIG 1. Histograms of mean developmental rate s.e. (error bars), in days, in Oregon-R strain
for inner (I) and outer (0) populations for the two controls (50 ml and 05 ml) and the
eight overfeedings. The arrows show the moment (in days) of the overfeedings.

rates of Oregon-R strain. Table 2 is the summary of an ANOVA completed
with regression (Bancroft, 1964; Sokal and Rohlf, 1969). It can be seen
that the rate of development increases slowly in the inner population, but
that in the outer population the increase is proportional to the moment of
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overfeeding. It seems clear from our data that the larvae collected by the
overfeeding technique were all in the state called here "larval stop". The
jaw analysis revealed that the stopped larvae are all in the 3rd instar. As
can be seen from fig. 1 and table 2, the larvae take eight to nine days from
the day of overfeeding to attain the adult stage. We have not detected any
bimodality as regards larval size before the different overfeedings. The
adults from the outer population were of quasi normal size. On the contrary
the adults from the inner population decrease gradually in size from a
normal size in the 4th overfeeding to a minimal size in the 18th overfeeding.

Table 3 shows the mean number of adults emerging from cultures. The
individuals collected in the outer population (overfeeding vials) are the
larvae stopped in the small vials before overfeeding. This fraction drops
until it reaches the production level corresponding to the control culture
of 05 ml (high-competition). The individuals collected within the small
vials are the larvae which had begun pupation before overfeeding. This
last fraction rises until it reaches the level corresponding to the control
culture of 0•5 ml.

The results presented here are compatible with the following con-
clusions.
(1) Larvae stop once the 3rd instar has been reached. In the last overfeeding
they can spend a minimum of 340 hours in this instar, whereas the 3rd
instar is 42 hours long at 25°C under normal conditions. This has not been
found before due mainly to the experimental techniques used. Robertson
(1963) analyses in each individual the minimum period that a larva has to
spend in feeding in order to pupate. He found a "critical period" at the
beginning of the 3rd instar after which there is an increasing probability of
pupation. Our experiment is inverse and complementary to Robertson's
experience. Firstly, the analysis is at population level, not individual;
secondly, the methodology consist of overfeeding instead of removing food.
(2) At every overfeeding there will be a fraction of the outer population
which will continue "stopped" in the larval stage from the previous over-
feeding, although this fraction will be reduced each time. This is partly due
to mortality, which rises with time, but also to pupation, which also rises
with time. The causes of this strategy remain unknown at individual level.
However, genetical variability and genotype-environment interactions,
especially in relation to larval excretion products (Huang et al., 1971), might
be implied.

As compared with other methodologies which analyse competition
phenomena (De' Witt, 1960; Huang et a!., 1971; Toié and Ayala, 1981;
Mather and Caligari, 1981), this method permits one to analyse larval
development precisely in competitive conditions.

In nature, situations of competition for food could cause larval stop.
This point could be involved in the maintenance of insect populations in
temperate regions subject to seasonal changes. A fraction of the total
population could stop its development during a period as a function of the
ambient temperature (inversely correlated with the rate of development
(Ashburner and Thompson, 1978)) and food sources. The probability of
survival of the stopped larvae would depend on the food supply.
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