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The effects of source dosage, flight altitude, wind speed, and
ground pattern on the sex pheromone-mediated flight manoeuvres
of male lightbrown apple moth, Epiphyas postvittana (Walker)
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optomotor anemotaxis (the use of visual images to
steer a resultant track and ground speed with respect
to the wind) and by a behavioural mechanism that
governs the rhythmic counterturning.
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Abstract The flight tracks (plan view) of male
Epiphyas postvittana flying in a sex pheromone
plume in a wind tunnel were recorded. With increas-
ing source dosages (10, 100,300 |ig), males steered
a more upwind course, with corresponding track
angles more upwind, and had smaller intertrack re-
versal distances (i.e., they showed less lateral move-
ment). Although net ground speed tended to increase
with increasing source dosage, the effect was not
significant. Increased wind speed (from 20 to 40 cm
sec"1) resulted in little change in the apparent track
of the males, but males increased their airspeed and
steered a course more upwind in response to the in-
creased downwind push and crosswind drift. Flight
altitudes (source suspended at 5, 12.5, and 20 cm
above the floor of the tunnel), had little effect on
most flight parameters, except for ground speed and
airspeed, which increased with increasing altitude,
and which in turn resulted in increases in intertrack
reversal distances. Finally, males steered a more
upwind course and had a higher net upwind veloc-
ity when flying over a ground pattern of longitudi-
nal black and white stripes than over a ground pattern
of lateral black and white stripes. Across all treat-
ments, the frequencies of turning back and forth
across the windline were similar. These results are
consistent with those observed in several other spe-
cies of moths, and suggest that the pheromone-me-
diated flight of male E. postvittana is shaped by
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INTRODUCTION

Most species of moths use a female-produced sex
pheromone in the location and acceptance of
conspecific mates. Male moths that perceive sex
pheromone released by conspecific females exhibit
a strong behavioural response, usually upwind flight
involving characteristic side-to-side movements
(zigzags), which generally results in the location of
the female (Carde & Mafra-Neto 1996). The sex
pheromone-mediated upwind flight of male moths
has been the subject of considerable investigation
over the last 20 years, because sex pheromones are
important tools in pest management programmes
(Carde & Minks 1995) and because it is an excel-
lent model system for understanding how flying in-
sects locate a distant odour source from a mate, host
or food (Baker & Vickers 1996).

The exact mechanism(s) by which a male moth
flies upwind in response to sex pheromone has been
a contentious issue. Several models have been pro-
posed to explain it (Marsh et al. 1978; Preiss &
Kramer 1986; Baker 1989; Baker & Vickers 1996).
Probably the most widely accepted of these models
(Willis & Arbas 1996) involves the combination of
two behavioural mechanisms: optomotor anemo-
taxis, the use of visual images to steer a resultant
course and ground speed with respect to the wind,
and an internal counterturning programme, which is
thought to regulate the side-to side flying movements
of the male (Marsh et al. 1978; Baker 1989; Baker
& Vickers 1996). However, actual measurements of
the flight parameters which could be used to test this
model have been carried out on only a few species
of moths (see relevant chapters in Carde & Minks
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1996). Recent work has developed a neuroetho-
logical basis for this model by showing that contact
with filaments of pheromone in the plume elicits
upwind surges by the male while the intermittency
between filaments evokes crosswind flight (Mafra-
Neto & Carde 1994; Vickers & Baker 1994a). Thus,
the flight track of a male is thought to be shaped and
modulated largely by the interaction of these two
behavioural mechanisms with the information con-
tained within the fine structure of the pheromone
plume.

The lightbrown apple moth, Epiphyas postvittana
(Walker) is a major pest of most fruit crops in New
Zealand (Wearing et al. 1991). We have been study-
ing the sex pheromone-mediated landing behaviour
of male E. postvittana, because this behaviour is
important for catching moths in pheromone-baited
traps, the basis for monitoring this pest in commer-
cial orchards around New Zealand (Foster et al.
1991; Foster & Muggleston 1993). We have found
that the landing behaviour of a male, and in particu-
lar where he lands on a trap (or near a female), is
strongly influenced by his preceding flight behav-
iour (Foster & Harris 1992; Foster & Ayers 1995).

We have begun to study the relationship between
flight and landing behaviours in male moths. In this
paper, we report on the effects of changes in source
dosage, flight altitude, wind speed, and ground pat-
tern on the sex pheromone-mediated flight manoeu-
vres of male E. postvittana.

METHODS AND MATERIALS

Insects
Insects used in this study were from a colony main-
tained at HortResearch, Auckland. Larvae were
reared in groups on a synthetic diet (Singh 1974).
After they had pupated, the insects were separated
by sex, and the male pupae placed in groups of about
100 in 750 ml plastic containers in an incubator, in
a separate room from the females, at 18±0.5°C un-
der a 16:8 light:dark photoperiod. Adult males that
had emerged over the course of a day were collected
and placed in ventilated plastic containers with
vermiculite on the bottom, and supplied with a 10%
sugar solution (absorbed onto a cotton wick) for
food, under the same temperature and light regime
as the pupae. Males were used in the wind tunnel
studies when 2^4 days old.

Wind tunnel protocol
The wind tunnel, based on the design of Miller and
Roelofs (1978), was 1.7 m long. The tunnel was

illuminated by four, 15-W tungsten lamps (Osram
Co., Auckland), voltage-regulated to a light level of
1 lux. Individual males were released into the tun-
nel between the second and fourth hours of the
scotophase according to previously outlined proce-
dures (Muggleston & Foster 1989). In all the experi-
ments, the pheromone source was a red rubber
septum (Thomas Scientific Inc., Philadelphia) on
which had been absorbed the appropriate amounts
of (E)-l 1-tetradecenyl acetate (El l-14:OAc; Sigma
Chemical Company, St Louis, Missouri; >99%
isomerically pure as determined by capillary gas
chromatography) and (E,E)-9,ll-tetradecadienyl
acetate (E,E-9,ll-14:OAc, gift from Shin Etsu
Chemical Co. Ltd, Tokyo, Japan; approximately
94% isomerically pure) in a ratio of 100:5 (Bellas et
al. 1983) dissolved in 25 \x\ of n-pentane. When not
in use, the pheromone sources were stored at -15°C.

Except for the respective experiments in which a
particular factor was changed (see below), the stand-
ard conditions for the experiments were: the source
dosage was 100 jo.g:5 |ig (Ell-14:OAc:E,E-9,ll-
14:OAc); the source was suspended 12.5 cm above
the floor of the tunnel on a wire stand, the wind speed
through the tunnel was 20 cm sec1 , the floor pat-
tern was a random array of 10 cm red dots, at a den-
sity of 12 m~2 on a white background.

Plan views of the flight tracks of individual males
through the tunnel were recorded on video tape us-
ing a Panasonic WV-BL200 black and white video
camera (Matsushita Electric Industrial Co., Ltd.,
Osaka, Japan) fitted with a 6 mm lens, and a
Panasonic AG 6720A S-VHS video recorder. This
setup gave a field of view of approximately 80 x
90 cm of the tunnel floor on the video screen. To
improve the quality of the recording, a 50-watt in-
frared light source (Model 88OM5O, Dennard Ltd,
Fleet, United Kingdom) was used to increase the
light intensity detected by the video camera. The
infrared light source did not appear to affect the re-
sponses of males. To analyse the flight track of a
male, the video recordings were digitally converted,
at a rate of 20 frames per second, onto a Macintosh
LC III computer fitted with a digital video frame
capture card (Videospigot LC, Supermac Technol-
ogy, Sunnyvale, California). When reviewing the
digitised recordings, the position of the moth through
the region from 60 cm downwind to 20 cm down-
wind of the source, was marked manually, in the
middle of the image, every 0.05 second, using a pur-
pose-written computer programme. This programme
allowed calibration of displacement at the various
altitudes and generated a set of time-based, x-y co-


