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Dispersal and Opposition Strategies
in Chrysoperla carnea

By Peter DUELLI (Berkeley and Basel)

Summary
The flight and oviposition behavior of the holarctic common green lacewing Chrysoperla car-

nea (STEPHENS) (Neuroptera: Chrysopidae), has been investigated in alfalfa fields in the Califor-
nia Central Valley and in laboratory experiments.

In the first two nights after emergence the adult lacewings perform straight downwind disper:

sal flights. Take-off behavior is elicited by the decrease in illumination at sunset. Since neither take-
off nor the flight duration appear to be influenced by so-called "vegetative" stimuli such as food or
mating partners, these pre-ovipository fligths are termed "obligatory migration flights". For the
Central Valley an average initial flight distance of 40 km per night was estimated.

In the third night after emergence the lacewings start to react anemochemotactically to food
kairomons signalling the presence of honey dew. Males and females on their downwind flight are
induced to land and approach the food source in a low, stepwise flight against the wind. Females
mate in the third or fourth night after emergence and may deposit the first eggs on day 5.

The consequence of the pre-ovipository migration flights is that very few females will deposit
their eggs in the habitat in which they emerged. Consequently, virtually all eggs deposited in a
particular field most probably stem from immigrant females. But even after mating and the onset
of oviposition the dispersal activitiy continues. Reproductively active lacewings also take off every
night after sunset and perform "appetitive downwind flights" until they enter the scent plume of a
food source. Depending on the availability of food a single female may deposit up to 30 eggs per
day before moving on after the next sunset. The whole lacewing population thus moves downwind
in a continuous "rolling" movement.

The strategy of obligatory nomadism and the spreading of the egg supply over a large area
allows Chrysoperla carnea to thrive in cultivated environments, where the changes in habitat suit-
ability are unpredictable and drastic.

Introduction

The common green lacewing, Chrysoperla carnea (STEPH.), is the most widespread and
the most abundant lacewing species (KILLINGTON 1936, TJEDER 1966, ASPÖCK et. al.
1980). In cultivated areas of the holarctic region it is by far the most important lacewing with
regard to predatory impact on pest arthropods (NEW 1975, TULISALO and TUOVINEN
1975).

Lacewing adults are generally considered to be weak fliers. Still, some species such as C.
carnea manage to disperse into and colonize the most isolated cultivated fields in the vast arid
parts of the Western USA or even to establish populations on small islands in the Mediterra-
nean Sea and the Atlantic Ocean (ASPÖCK et al. 1980, OHM pers. comm.). At least for C.
carnea and some other species associated with cultivation, strongly developed dispersal strate-
gies have to be assumed in order to explain the various records from isolated or inhospitable
localities as well as of sometimes rather spectacular population densities of adults in places
where no immature stages were found.

The spatial and temporal aspects of the flight behavior and the dispersal activities of C.
carnea were investigated in field experiments in the Central Valley of California and in labo-
ratory experiments at the University of California, Berkeley. This article reviews the results
of these experiments and integrates them with previous knowledge to present a review of our



DUELLI P.: Dispersal and Opposition Strategies in Chrysoperla carnea 134

present understanding of the dispersal strategy of C. carnea. Moreover, in a chapter on the
"continuous nomadism" of lacewings in a post-migratory stage, previously unpublished data
are presented and discussed.

Review

In earlier publications on Chrysoperla carnea (STEPHENS) a number of different names
were used for the same species in Europe {Chrysopa carnea STEPHENS; C. vulgaris
SCHNEIDER) and North America (Chrysopa plorabunda FITCH. ;C. californica COQU.).
Recently, the generic name had to be changed also due to splitting of the former genus Chry-
sopa into various genera which previously had been considered to be subgenera (SÉMÉRIA
1977, CANARD and LAUDEHO 1978).

A. Dispersal

The dispersal properties of a population can be expressed as the sum of individual move-
ments in the time span of one generation. The discrete units of this quantification are the vec-
tors (directions and distances) of individual translocations from the place of hatching of a
female larva to the places where the eggs of the next generation are deposited (DUELLI
1981a).

Lacewing larvae are general predators on small soft bodied arthropods (refs. in BAL-
DUF 1939, ICKERT 1968). Food location is tactile and food recognition seems to be based
on contact chemo- and taste receptors (BÄNSCH 1964, ARZET 1973). When hungry, the
larvae of C. carnea can be very mobile (BOND 1979) but compared to the effect of adult flight
activities their movement is irrelevant with regard to the dispersal of a population. In an
alfalfa field with an abundant supply of food the average total dispersal distance of the three
larval instars was found to be less than 1 meter. In a field with only 1—2 aphids per stem the
average dispersal distance was 1.7 meter (DUELLI 1981a).

The pertinent questions therefore concern the endogenous and exogenous stimuli which
govern the individual movement of females during their search for food, mating partners and
oviposition sites.

1. Flight phenology

Most lacewing species overwinter in the larval or pupal stage, whereas in C. carnea and
a few other species the adults go into diapause in fall. Diapause induction is triggered by shor-
tening or short day light cycles (refs. in TAUBER and TAUBER 1976, 1978) and is partly
depending on ambient temperatures (HONEK 1973). The precise stimuli and physiological
mechanisms of diapause induction are unknown.
After diapause termination in December or January, the dormancy is prolonged into a quies-
cence, until the rising temperatures in spring allow for mating and oviposition (TAUBER and
TAUBER 1970). In California, C. carnea was caught in sticky traps all year round, even in
December and January (DUELLI in prep), whereas in Central Europe flight activity ceases
in November and resumes in March or April (HONEK 1977, BOWDEN1979, EGLIN1980).
The number of generations per year can vary from 1—2 in Central Europe (e. g. ZELENY
1965, HONEK 1977) to 7 in Israel (NEUMARK 1952).

Lacewing flight activity is mainly nocturnal (LEWIS and TAYLOR 1965). Catches on
sticky traps in Central California (DUELLI 1980a) have shown a flight activity pattern similar
to the one described for hemerobiids (BANKS 1952) : Flight activity begins shortly before sun-
set, reaches a maximum 1-2 hours after sunset and then decreases steadily towards sunrise.
A tentative interpretation for such an activity diagram could be based on diel wind speed mea-
surements (Fig. 1). The flight speed of lacewings (0.75 m/sec, see Fig. 4) is slow compared to
the average wind speeds measured in the Central Valley. The number of lacewings caught in
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Fig. 1 : Correlation between air movement and trap catches of Chrysoperia carnea in the California Cen-
tral Valley. Wind profile based on a 20-day average from wind speed recordings of TAMAKI, SMITH
and HAGEN (1961, impubi.). Flight activity diagram from DUELLI (1980a).

Wind
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Fig. 2: Schematic illustration of the anemochemotactic approach of a C. carnea adult in an "appetitive
stage" to an attractive food source.

sticky traps depends strongly on the air flow through these traps because at higher wind speeds
more air is filtered (DUELLI 1980b). Thus the slow winds in the early morning are at least
partially responsible for the apparent decrease in flight activity.

Lacewings seem to be reluctant to fly in full daylight. When disturbed, they only fly for
a few meters to reach the nearest shelter. In early spring or late fall, when night temperatures
are often too low for flight activity, lacewings can be observed to start flying in the late after-
noon. In California the flight activity of C. carnea in late fall does not seem to end as an all-or-
none response to changing day length as suggested by BOWDEN (1979) for lacewing popula-
tions in England.

By restricting their flight to the nocturnal hours, lacewings escape the predatory activity
of optically oriented diurnal hunters such as dragonflies, asilid flies and other predatory
insects, as well as birds. To avoid bats at night, lacewings have depeloped an escape mecha-
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nism similar to the one in many moths: upon hearing the sonar cry of a bat, lacewings perform
an elaborate "drop dead" behavior (MILLER and OLESEN 1979). The tympanal organ
which is sensitive to sounds in the range of 13 to 120 kHz (MILLER 1971) are located at the
base of the forewings (MILLER 1970).

2. Food Location

Only about half of all lacewing species investigated so far are predatory in the adult stage
(HAGEN and TASS AN 1972). The adults of C. carnea feed on the honeydew of aphids and
other homopteran insects, as well as on nectar and pollen (refs. in HAGEN et al. 1970, SHEL-
DON and MAC LEOD 1971). An attractive substance in natural and artificial honeydew has
been found to be indol acetaldehyde, a volatile breakdown product of the amino acid trypto-
phan (VAN EMDEN and HAGEN 1976). In the field, large numbers of adult C. carnea can
be accumulated overnight by spraying an artificial food mixture of brewers yeast (containing
tryptophan), sugar and water on the crop (HAGEN et al. 1976). The investigation of the
approach of the lacewings to the artificial food source gave insight into the searching strategy
and anemochemotactic flight orientation of C. carnea.

In the absence of food (or scent of food) the lacewings take off soon after sunset and are
transported with the wind in a hovering flight position. Most probably, they are actively hea-
ding downwind (DUELLI 1980b). This type of flight has been termed "appetitive downwind
flight" (DUELLI 1980a). As soon as the insects enter the scent plume of an attractive food
source, they are induced to descend and land (Fig. 2). After landing the lacewings approach
the source of attraction in a low stepwise flight. They orient anemochemotactically, i. e. the
perception of the odor induces them to take a positive anemotactic flight course (heading
against the wind). Laboratory experiments in an olfactometer have shown that neither does
pure wind elicit positive anemotaxis nor is attractive scent alone able to lead the lacewings to
the food source (DUELLI in prep.). The anemochemotactic approach to the food source has
been termed "appetitive upwind flight" (DUELLI 1980a). During this the lacewings have to
stay within the "boundary layer", the air layer above ground within which the potential flight
speed of the insects is higher than the wind speed (TAYLOR 1974).

B. Migration

1. Adaptive dispersal flights

Not all adult C. carnea on their downwind flight react to the scent of honeydew. Fig. 3
illustrates the results of a field experiment in an alfalfa field in Kerman, California.

Two parallel strips of artificial food (Formula 57; HAGEN et al in prep.) were applied
with a handsprayer at a distance of 30 m to each other and perpendicular to the prevailing
wind direction. Directional sticky traps were placed on both of the two food strips. The main
population movement of the lacewings was downwind (Fig. 3). Longterm recordings have
shown that without any attractants sprayed on the plants, 98% of all trap catches stem from
downwind flights (Fig. 5; DUELLI in prep.). In the experiment of Fig. 3 the lacewings on
their "appetitive downwind flight" apparently were induced to descend and land as soon as
they got into the scent plume of the first (upwind) food strips (right F 57 spray in Fig. 3). They
then approached the food source anemochemotactically and got caught in the upwind sticky
trap on their "appetitive upwind flight". Therefore, less animals were caught in the second
(downwind) traps than in the upwind traps. Further examination showed that the reduction
in numbers caught on the downwind traps was mainly due to a lack of gravid females (enlarged
abdomens). The number of slender, preovipository females, however, was almost the same
in the two trap rows. The interpretation of these results is, as shown with proportionally
dimensioned arrows in Fig. 3, that the young slender females did not react to the scent of the
attractant during their downwind flight.
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Fig. 3: Vertical distribution of reproductively active (black areas) and preovipository (white areas) lace-
wing females caught on sticky traps placed on two parallel strips of food spray (Formula 57) in an alfalfa
field. Arrows filled black or white indicate the hypothetical flight courses of the "appetitive" (black) and
"migratory" (white) stages. The figures for males are not shown in the upper graph, but listet below.

Subsequent laboratory experiments in an olfactometer confirmed the age dependence of
the anemochemotactic reaction (Fig. 4). In the first two nights after emergence the attraction
to artificial honeydew (F 57) is very low, but then increases steeply in the third night and stays
rather constant throughout adult life, which in this case in the laboratory was almost two
months. If the lacewings are exposed to wind without any attractive scent, the percentage of
upwind flight stays low.

The flight capacity of C. carnea was tested on a set of flight mills. Newly emerged females
were able to fly 3-4 hours in the first night after the night of emergence. In the following
nights similar flight periods were recorded for several weeks (Fig. 4). In addition, the pot-
ential flight speed was measured in laboratory tests as a function of age. Positive phototactic
flight speed was recorded according to the method used by LEWIS and TAYLOR (1967). In
the first night the lacewings flew an average 0.5 m/sec, in the second and the following nights
the flight speed was consistently about 0.75 m/sec (Fig. 4).

The interpretation of these results is that in C. carnea there is a preovipository period of
migration which at the temperatures tested (25+2°C) lasts 2-3 nights. During this period the
lacewings fly downwind in an "adaptive dispersal flight" (DUELLI 1980a) where they do not
react to the scent of honeydew. After the short migration period the lacewings still take off
and fly every night, but now on their "appetitive downwind flight" the kairomones signalling
honeydew are strong landing stimuli. It is not yet known whether on their adaptive dispersal
flights (migration) descending and landing are induced by exhaustion or other endogenous
stimuli. However, long term sticky trap recordings show that more than 50% of female lace-



DUELLI P.: Dispersal and Opposition Strategies in Chrysoperla carnea 138

wings caught were preovipository females (Fig. 5; DUELLI in prep.). The age and reproduc-
tive stage of males was not recorded. With an estimated life expectancy of about one month
and a preovipository period of 4 days one would expect the percentage of trapped preoviposi-
tory females not to exceed 15%. This obvious discrepancy suggests that the flight periods
during the initial migratory nights are considerably longer than in the later nights with "appe-
titive" flight.

2. Timing of preovipository migration

The emergence of the pharate adult from the cocoon shows an endogenous circadian
rhythm (DUELLI 1980b). In laboratory cultures this gated rhythm of emergence shows a
sharp peak in the first hour after light off (sunset), a steady decline in the course of the night,
and a second much smaller peak after light on (dawn). The pharate adult (a mobile pupa)
accomplishes the final molt within minutes or a few hours after the emergence from the
cocoon. The teneral period usually lasts for 12—24 hours and is spent in the vegetation, hiding
on the underside of leaves or twigs. As soon as the young lacewings experience the first sunset
(light-off in the laboratory) they become active and eventually reach the top of the plant or
branch. There they face into the wind, probing the air vigorously with their antenna and then
take off (DUELLI 1980b).

Various environmental stimuli which could influence the timing of this first take-off were
analyzed in a rectangular wind-tunnel in the laboratory (DUELLI 1980b). The lacewings
emerged inside the wind-tunnel àt the bottom of potted alfalfa plants from which they took
off as soon as they experienced a light-off stimulus. Other stimuli such as various wind speeds,
scent of food in the air stream, or even highly attractive artificial honeydew sprayed on the
alfalfa plants were not able to cause a change in the timing of their first take-off. Lacewings
raised and tested singly showed that the observed take-off pattern was not caused by crow-
ding. But by time-shifting the on-off light change the flight pattern of the population could be
changed accordingly. Furthermore, when the lacewings in the flight tunnel were kept in con-
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Fig. 4: Ontogenetic development of attraction to artificial honeydew (F 57) and flight capacity in female
lacewings. Attraction was measured in an olfactometer-wind tunnel: Percentage of upwind flight. Flight
duration was recorded on a flight mill: Longest period of uninterrupted flight per 8-hour night. Flight
speed was measured on 2 m of phototactic free flight.
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Fig. 5: Sticky trap data for C. carnea females caught flying over an alfalfa field in a period of 30 days. The
absolute figures indicate the total numbers of females caught per night on one side of 8 m2 of sticky screen.
Black areas show reproductively active females, white areas preovipository females. Percentages indicate
the contribution of downwind and upwind flight. The center trap was only 4 m high. To make the figures
comparable, the vertical profile above 4 m was extrapolated according to the mean between the profiles
for immigrants and emigrants.

stant darkness or permanent light after the emergence, both populations exhibited similar
take-off patterns which differ fundamentally from that seen when a L/D transient is given: the
cumulative rate of take-off behavior started to increase steadily soon after emergence, and
after two days under constant light or dark conditions most lacewings of both experiments had
taken off. The results suggest that the first flights are most probably not induced by darkness
as such, but rather by the decrease in illumination at sunset.

3. Spatial properties of migration flights

For lacewings in an "appetitive" stage it would seem to be advantageous that their flight
be not too high above ground. From trap catches on 8 m high directional sticky traps the aver-
age flight elevation of ovipository females was estimated to be about 3 m above the vegetation
(DUELLI 1980b). For females in a preovipository stage one would expect a higher elevation,
to take advantage of the higher wind speed. An average height of flight in the range of 6—12
m was estimated for preovipository females. The pooled data for males resulted in an estima-
ted average height of 4-5 m above ground. At such heights the wind speed is usually much
higher than the potential flight speed of the lacewings. Therefore, the flight direction is down-
winds irrespective of the individual flight course.

The flight distance is a function of wind velocity, airspeed, angle between wind direction
and flight course, and duration of flight. For a rough approximation, the air speed and flight
course of the individual lacewings can be neglected. At an average nocturnal wind speed of
over 4 m/sec at a height of 6 m above ground (8 years summer average measured at Fresno
Airport, California Central Valley) an airspeed of 0.75 m/sec does not significantly influence
the dispersal performance. Since the wind velocity increases with height, lacewings in an ovi-
pository stage have a higher groundspeed than the lower flying reproductively active individu-
als. For gravid females an average groundspeed of 2.8 m/sec was estimated, whereas migra-
tory females travel with an estimated groundspeed of 4.2—7.3 m/sec. The average time of
uninterrupted flight of preovipository females mounted on flight mills was 1.9—2.8 h, depen-
ding on the nutritional stage (DUELLI 1980b). If, for a rough approximation of the flight
distance covered by a migrating female, an uninterrupted flight of 2 hours and a ground speed
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of 5.8 m/sec at an elevation of 9 m is assumed, the result is an impressive 40 km per night.
Since in the California Central Valley the wind directions are fairly constant throughout the
dry summer months, there is a steady unidirectional flow of migrating lacewings, each indivi-
dual most probably covering dozens of kilometers before mating and oviposition start.

C. Mating and Oviposition

1. Location of Sexual Partners

As of yet there is no conclusive evidence for a sex pheromone involved in partner finding
in lacewings. In the North American genus Meleoma, however, bizarre facial structures are
assumed to serve, in combination with contact sex pheromones, for species recognition
(ADAMS 1962, TAUBER 1969).

If C. carnea females are kept in the laboratory under long-day conditions (LD 16:8 h) at
25+2°C and fed an artificial diet (HAGEN and TASS AN 1972) the first successful mating
takes place in the third or fourth night after emergence (JONES et al. 1977, DUELLI 1980b).
Males can mate already in the second night, although they do not start to react to the scent of
honeydew before the third night after emergence. It is therefore likely that the sexes meet at
the food source to which they are both attracted by scent. Once there, the sexes recognize
each other with the help of species-specific patterns of abdominal vibration (HENRY 1979,
1980). Since the surface vibration produced by this abdominal jerking is propagated in the
form of transverse waves (perpendicular to the plane of the substrate) it seems preferable to
call this type of communication tremulation (following BUSNEL et al. 1956) rather than
"acoustic" communication. In laboratory experiments males of C. rufilabris were able to
attract females within a range of 15 cm (HENRY 1980).

2. Location of Oviposition Site

Laboratory reared, well fed females of C. carnea held at 25°C deposit their first eggs 5
days after emergence. This means that in a natural population the females by that time are
very likely to have left their native habitat before oviposition (DUELLI 1980b).

Chrysoperla carnea was found to be attracted to sticky traps baited with caryophyllene,
which is known to be part of the olfactory "bouquet" of a cotton field (FLINT et al. 1979).
Caryophyllene could therefore be considered to act as a habitat kairomon for C. carnea. Any
habitat with a high population density of aphids should be a suitable site for oviposition. Since
both sexes of C. carnea are attracted to scent of honeydew of aphids (HAGEN et al 1976) the
eggs have an increased chance of being deposited in an area where food will easily be found
by the resultant larvae. In addition, the fecundity of C. carnea females was shown to be corre-
lated with the amount (and quality) of honeydew eaten (HAGEN 1950, TASSAN et al. 1979).

3. Continuous nomadism

The adults of C. carnea fly and thus disperse during most nights of their life unless night
temperatures are too low. The average longevity, as measured by NEUMARK (1952) in labo-
ratory cultures in Israel, was 81 days for females and 54 days for males. The corresponding
figures for cultures of C. carnea in Berkeley were 65+7 days (s. d.) for females and 54+14
days for males (DUELLI 1981b). Laboratory figures are however not a very realistic estimate
for field longevities: diapausing males and females collected from the California Central Val-
ley were kept alive at 12+1°C for over 9 months after dispause termination, during which time
the females continuously produced eggs. Some individuals reached an age of more than one
year! In turn, measurements of seasonal changes in wing lengths of field collected C. carnea
over a period of one year suggest that the adult life-span of individuals of the summer genera-
tions is not likely to exceed one month (DUELLI in prep.).
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Fig. 6: Retaining capacity of an attractive food spray (F 57) for marked field collected adults of C. carnea.
[1]: 100 m long strip of alfalfa sprayed with F 57; site of release of 250 5 and 100 <5 on each of three conse-
cutive days. [2]: 100 m long strip of alfalfa sprayed with F 57 15 m downwind from [1]. [3]: unsprayed strip
of alfalfa, where lacewing numbers were monitored as in [1] and [2]. The curves show the numbers of
lacewings collected by sweeping in the three strips 72 hours after the first release. No males were collected
in [3].

The percentage of mature females caught in directional sticky traps on their downwind
flight, as compared to preovipository females, is slightly higher in alfalfa fields with few aphids
only. But the fact that even in fields which provide an abundance of food high numbers of
ovipository females were caught flying downwind (Fig. 5, DUELLI in prep.) is a strong indi-
cation for continuous adaptive dispersal (nomadism) in the ovipository stage. Two sets of field
experiments were carried out to see how long reproductively active lacewings stay in a strip
of alfalfa sprayed with abundant artificial food. Leaving the review style, the data for these
experiments will be given in some more detail.

a. M a r k i n g e x p e r i m e n t s
Field collected lacewings of both sexes were marked with fluorescent dust (DAY GLO)

and released in a 100 m long strip of alfalfa sprayed with F 57 (1 in Fig. 6). On each of three
consecutive days, 250 females and 100 males were marked with different colours and gently
placed among the alfalfa stems without disturbing the resident population. In the third night,
at 11 p. m., the three strips were checked with an UV-beam. Both marked and unmarked
lacewings were counted. The following morning, 72 hours after the first release, all lacewings
obtainable in the three strips were collected by repeated sweeping with a standard sweep net
and checked for dust markings in a dark room with UV-light. High numbers of unmarked
fresh immigrants prove that the attraction of the food spray had not diminished considerably
in the course of the experiments (see also Fig. 7). The recapture experiments indicate that
over 86% of the females and over 90% of the males left the still attractive food source in the
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first night. The distribution in the strips2and 3suggest that males leave the food more readily:
they appear in the downwind food patch already in the first night and then disappear slowly.
Female numbers 15 m downwind of the releasing site reach a maximum 24 hours after the
release and then diminish steadily. Interestingly, in an unsprayed strip 4 m upwind to the
release area (Jin Fig. 7), significant numbers of females, but no males, were collected in the
second night after the release. This observation confirmes earlier findings where egg deposi-
tion after the application of a food spray was highest in an area a few meters u p w i n d to the
spray area (HAGEN et al. in prep.).

b . R e p l a c e m e n t e x p e r i m e n t s
Since handling during the marking procedure or the colour powder could have influenced

the behavior in the above experiment, another set of experiments with no handling or marking
was carried out: A long strip of alfalfa (150 m long, 1 m wide, perpendicular to the prevailing
wind direction) was heavily sprayed with F 57. Out of 6 segments of 25 m length, two were
"cleaned out" of lacewings with a sweepnet every morning on three consecutive days. There-
fore, most lacewings subsequently caught in these two segments had to be fresh immigrants.
Two other segments were swept after the second night. Then, after the third night, all six seg-
ments were swept clean. Had all lacewings stayed at the food source as long as it was attrac-
tive, the cumulative catches of the first two segments would have to equal (statistically) the
catches in the two other sets of segments after two and three nights. The deficit between the
expected values and the actual counts is an indication of the rate of emigration (Fig. 7). The
results suggest that 84% of the females and over 100% of the males leave the food source in
the first night after arrival. The figure of over 100% in males could mean that most of the
immigrant males do not even stay for the whole night. The observation that males do not
appear at the food spray in the first night had been consistent in all experiments done so far.
Attraction to the females, rather than to the food spray, is the most obvious interpretation.
However, since males arrived in large numbers in the second night at the food spray in the
segments where all females had been removed previously, a more likely interpretation is that
the chemical breakdown of the amino acid tryptophan has to go further to attract males.

Under optimal conditions, a female C. carnea can deposit 20-30 eggs per day (HAGEN
and TASS AN 1966). The above results strongly suggest that a female will most probably
deposit these eggs in different fields or habitats every night. With an applied approach
towards a manipulation of the oviposition behavior in mind, it can be concluded from these
experiments that neighbouring downwind fields will profit most from an application of a syn-
thetic food spray in a particular crop.

D. Conclusion

Fig. 8 gives a qualitative interpretation of the dispersal and oviposition pattern of C. car-
nea in alfalfa fields in the California Central Valley, where the wind direction during summer
varies little. In the first two nights after emergence the lacewings take off after sunset and fly,
at a height of more than 3 m above ground, with the wind. They do not react to the scent of
food or mating partners. Since neither the take-off nor the duration of flight is influenced by
so-called "vegetative" stimuli, these first flights can be termed "obligatory migration flights".
In the third and the following nights, vegetative stimuli become very strong landing stimuli.
But even after mating (night 3 or 4) and after the onset of oviposition (night 5) dispersal acti-
vity goes on. The whole lacewing population flotes in a rolling movement with the wind. Each
night the nomadic lacewings take off after sunset, even if there is enough food around. They
use the wind for transportation in a way similar to that of the aphids on which their larvae
prey. Thus prey and predator populations are dispersed through the same habitats.
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Fig. 7: Observed immigration and estimated emigration rates to and from an attractive food spray area
in an alfalfa field. I,, I2 and I,a are numbers of immigrants into food spray areas where all lacewings had
been removed daily. I3b are immigrants into the segments swept after the second night. Cumulation of
immigrants gives the expected numbers if no emigration from the food source took place. Black curves
are numbers counted in the undisturbed segments. E2 and E3 are the emigration rates in night 2 and 3,
based on the difference between expected and observed numbers. Note that males are attracted to the
spray area not before night 2.
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Fig. 8: Schematic illustration of the spatio-temporal pattern for dispersal and oviposition in C. carnea. R,
anemochemotactic reaction to the scent of a food source.

The continuous nomadism of C. carnea can be interpreted as a strategy to spread the
offspring over a large area, thus minimizing the risk of local extinction in patchy habitats. Cul-
tivated lands, where the suitability for development of lacewing larvae changes drastically und
unpredictably, are an extreme example of such a patchy habitat, for which C. carnea is prea-
dapted.
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