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MATING FREQUENCY OF THE PAPAYA FRUIT FLY
(DIPTERA: TEPHRITIDAE) WITH AND WITHOUT HOST FRUIT
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A

 

BSTRACT

 

Frequency of mating of female papaya fruit flies, 

 

Toxotrypana curvicauda

 

 Gers-
taecker, was affected by the availability of host fruit for oviposition. Mature females
held for 5 days with males in cages in the laboratory without host fruit nearly always
mated once. Most mature females held in cages for 5 days with both males and imma-
ture papaya fruit mated more than once. Remating by females held with fruit oc-
curred occasionally before oviposition, indicating that an increased propensity to
remate may not be due to sperm depletion. Mature males kept for 5 days with females
mated up to 10 times (x=5.6+0.6).
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R

 

ESUMEN

 

La frecuencia de apareamiento de hembras de la mosca frutera de la papaya, Tox-
otrypana curvicauda Gerstaecker, fué afectada por la disponibilidad del fruto hos-
pedante para la ovoposición. En el laboratorio las hembras maduras mantenidas en
jaulas durante 5 días, con machos y sin el fruto hospedante, casi siempre se aparearon
una sola vez. La mayoría de las hembras maduras mantenidas en jaulas durante 5
días con machos y frutos no maduros de papaya se apareó mas de una vez. Nuevos
apareamientos de hembras mantenidas con frutos tuvieron lugar ocasionalmente an-
tes de la ovoposición, indicando que el aumento en la propensión al reapareamiento no
debe ser el resultado del agotamiento del esperma. Los machos maduros mantenidos
durante 5 días con hembras se apareron hasta 10 veces (x=5.6

 

±

 

0.6)

 

Key Words: Insecta, oviposition, pheromone, kairomone, remating 

The frequency of mating in tephritid fruit flies is an important aspect of their sex-
ual behavior. It is relevant to the development of those pest control programs based
in part on sexual interactions. For example, sex attractants developed for females
may be more effective for species that remate frequently and may then repeatedly re-
spond to male sex pheromone. Also, female mating frequency directly affects the effi-
cacy of the sterile male insect technique for control and eradication of tephritid fruit
flies.

Frequency of mating varies among females of species of fruit-infesting tephritids.
Females of the apple maggot fly, 

 

Rhagoletis pomonella

 

 (Walsh), mate frequently, as of-
ten as weekly, possibly to maintain fertility levels (Prokopy & Roitberg 1984). Tropical
species of fruit flies that lek, such as 

 

Ceratitis capitata

 

 Wiedemann (Nakagawa et al
1971), and 

 

Anastrepha suspensa

 

 (Loew) (Sivinski & Heath 1988), are thought to mate
usually once, with rematings due either to insemination failures at first matings or to
sperm depletion following extensive oviposition. Landolt & Hendrichs (1983) reported
that female papaya fruit flies, 

 

Toxotrypana curvicauda

 

 Gerstaecker, usually mate
once, based on observations of flies in a field cage. This might be expected because of
their relatively short reproductive lifespan and limited egg production.

Studies of female papaya fruit fly responses to male sex pheromone, however, dem-
onstrated that females are attracted to males even after mating (Landolt & Heath
1988, 1990). Such sex attraction by mated females may be to locate a potential second
mate or may be a strategy to locate host fruit, since males in papaya fields normally
call from immature fruit (Landolt et al. 1992). Because of this apparent discrepancy
and the limited current data on 

 

T. curvicauda

 

 mating frequency, the subject was re-
addressed. We report here the frequency of mating of both sexes of the papaya fruit
fly in the laboratory, and effects of the presence of papaya fruit for oviposition on fe-
male mating frequency.

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

Papaya fruit flies were obtained as mature larvae in infested fruit collected in com-
mercial papaya plantings in the Redlands area of Dade County and in Sarasota
County, Florida. Larvae emerging from fruit pupated in sterilized potting soil. Paper
cannisters (250 ml) of pupae in potting soil were kept in the laboratory in screened
cages for adult emergence. Newly emerged flies were sorted by sex daily and were
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kept in screened cages with cups of sugar water and inverted water bottles on the cage
tops. The laboratory was at 22

 

°

 

 C and 50 

 

±

 

 10% RH, with overhead fluorescent light-
ing. Lights were on a 14:10 (L:D) cycle, with lights on at 0600 hours (E.S.T.) and off
at 2000 hours (E.S.T.).

Mating frequency was determined for mature female papaya flies held with imma-
ture papaya fruit (preferred oviposition sites), for mature female flies without fruit,
and for mature male flies without fruit. For the first experiment, reproductively ma-
ture females (> 6 days old, Landolt 1984) were held one per cage from 0730 hours on
a Monday to 1700 hours on the following Friday. Each morning at 0800 hours, a male
was placed in each cage and observations were made at 30 min intervals until 1700
hours when the male was removed. Because matings on average take 90 min (Landolt
& Hendrichs 1983), it was assumed that none would be missed if observations were
made every 30 min. At each 30 min observation time, records were made of mating
and oviposition (for females held with fruit). Females without fruit generally do not
attempt to oviposit (Landolt & Reed 1990) and no oviposition attempts were seen in
this study by females held without fruit (egg deposition or probing with the ovipositor
on the cage). After flies mated, the male was replaced. Each cage included a small cup
of sugar water on cotton within the cage and an inverted water bottle on the cage top.
Twenty-six females were tested in this way without fruit; 10 during one week, 10 dur-
ing a second week and 6 during a third week. This experiment, using the same proto-
col, was also conducted for 34 mature females held with males and papaya fruit (as 2
sets of 6, 1 set of 12, and 1 set of 10 during 4 different weeks). Papaya fruit used were
green immature fruit 5 - 7 cm in diam and 7 - 11 cm in length. During the replicates
conducted to determine mating frequency of females without fruit, papaya was also
excluded from the laboratory to avoid host odor effects on mating behavior.

To assess mating frequency of males, a similar protocol was followed. For five con-
secutive days, at 0800 hours, a mature unmated female was placed in each cage con-
taining one male. Observations were made each 30 minutes, until 1700 hours, when
the female was removed. The female was replaced after each copulation, with another
mature unmated female. This was done for 21 mature (>4 days old) males, all held
without papaya fruit (as 2 sets of 6 and 1 set of 5 during 3 different weeks). 

Mean mating frequencies for females held with and without papaya fruit were
compared using Student’s t-test. 

R

 

ESULTS

 

Nearly all female papaya fruit flies held in cages without fruit mated only once
during the 5-day test period (Fig. 1). Mean number of matings per female (+ SE) was
1.00 + 0.06. Females held in cages with papaya fruit mated up to 4 times, with most
females mating more than once (Fig. 1). Mean number of matings per female was 1.82
+ 0.15. Females without fruit mated significantly less than did females with fruit
(t=4.63, df=58, p<0.0001). Males mated up to 10 times over the course of the 5-day test
period, with nearly all mating multiple times (Fig. 2). Mean number of matings per
male was 5.60 + 0.6.

Matings by females held without fruit were predominantly during the morning
hours, while matings of females held with fruit were more dispersed throughout the
day (Fig. 3). Also, 24 of the 26 females held with males and without fruit mated on the
first day of the experiment, and 31 of the 33 females held with males and with fruit
mated on the first day of the experiment. The pattern of ovipositions observed during
these tests appeared to be bimodal, with peaks of activity in early morning and again
in late afternoon (Fig. 3).
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Fig. 1. Percent of mature female papaya fruit flies that mated from 0 to 6 times
over 5 days, when (A) held in cages without immature papaya fruit or (B) held with
immature papaya fruit for oviposition.
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Of the 33 females held in cages with both males and papaya fruit, 23 remated at
least once (Fig. 1). Of the 23 that remated, 13 (57%) mated the second time before ovi-
position. Of the 13 that remated after oviposition, only 6 did so within 4 h after ovipo-
sition.

D

 

ISCUSSION

 

These data indicate that the papaya fruit fly female typically mates more than
once if provided access to host fruit for oviposition. Although the remating rate for fe-
males held with males and without fruit was very low (4%), a much higher percentage
(72%) of those females held with males and fruit remated. This finding appears to be
similar to that known for other species of tropical frugivorous Tephritidae. Sivinski &
Heath (1989) reported only 10% of female 

 

A. suspensa

 

 remated when held the first
week with males and no oviposition site, but 60% of those females held the first week
with both males and oviposition sites remated. Sixty percent of Mediterranean fruit
fly females held in cages with fruit for oviposition remated (Nakagawa et al. 1971) and
fifty percent of female 

 

Anastrepha ludens 

 

(Loew) provided wax oviposition domes re-
mated (Robacker et al. 1985).

It is not yet known why a high percentage of papaya fruit fly females remated in
this study. Multiple mating in tephritid fruit flies is thought to be due to 1) forced mat-
ings by males controlling access to oviposition sites, as in 

 

Rhagoletis pomonella

 

(Prokopy & Roitberg 1984), 2) poor sperm transfer in initial matings, as suspected in
part for 

 

C. capitata

 

 (Mazomenos et al 1977), or 3) sperm depletion following extensive
oviposition, as in 

 

A. suspensa

 

 (Sivinski & Heath 1988). The possibility of transfer of
nutrients with male ejaculate was tested for 

 

A. suspensa

 

 (Sivinski & Smittle 1987),

Fig. 2. Percent of male papaya fruit flies held without fruit that mated from 0 to
10 times over 5 days.
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Fig. 3. Percent of matings by females held without fruit (crosshatched bars) or
with fruit (open bars) at hourly intervals throughout the day (A), and percent of ovi-
positions observed at hourly intervals throughout the day (B).
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but with no evidence of a significant male contribution. In the case of the papaya fruit
fly, there is no clear indication which of these explanations may account for the ob-
served multiple matings.

The male papaya fruit fly in the field defends fruit from other males and courts ar-
riving females, conceivably controlling female access to oviposition sites. However, fe-
males appear capable of resisting courting males, making it unlikely that multiple
matings by females are the result of forced copulations by males. The observed in-
creased remating rates of females held with fruit, compared to those held without
fruit, indicate that poor sperm transfer during first matings was not a problem con-
tributing to multiple mating. Insemination failures at first matings would be expected
to result in rematings with or without available oviposition sites. In other studies of
tephritid mating frequency, remating appeared to clearly relate to extended periods of
oviposition and was attributed to sperm depletion (Sivinski & Heath 1988; Cunning-
ham et al 1971; Robacker et al 1985, Tzanakakis et al 1968). Remating by female pa-
paya fruit flies clearly was associated with access to oviposition sites (immature
papaya fruit) and oviposition activity, suggesting a similar need to replace depleted
sperm stocks used during oviposition. However, papaya fruit fly females are relatively
short lived (Landolt & Hendrichs 1983) and deposit limited numbers of eggs (Knab &
Yothers 1914) compared to other frugivorous fruit flies. It is not known if males are
similarly limited in numbers of sperm they can deliver during insemination, thus re-
quiring female remating following oviposition. An additional possibility is that female
papaya fruit flies arriving at good oviposition sites occupied by males may mate or re-
mate as an expression of mate choice, since a male at the site has demonstrated suc-
cess both in host location and territorial defense. Such success may involve heritable
traits in the male that are beneficial to the female’s offspring.

Mated female papaya fruit flies may respond to male pheromone (Landolt & Heath
1988, 1990) both to locate potential oviposition sites and prospective mates. Previous
studies indicated that enhanced attraction by mated females occurred to a combina-
tion of host odor and male pheromone (Landolt & Reed 1990, Landolt et al 1992). It
was suggested that such behavior may aid females attempting to locate host fruit, by
orienting to males calling from such fruit. If ovipositing female 

 

T. curvicauda

 

 need to
remate following oviposition, such a strategy ensures the availability of both fruit and
a mate simultaneously for an arriving female.

Male papaya fruit flies in this study mated three times more often than females
during the same 5-day time period. This is not a measure of male lifetime fertility,
since males may live for considerably longer periods of time, but is an indication of
their potential relative to females for polygamy. These results are similar to those re-
ported for male 

 

C. capitata

 

 by Nakagawa et al (1971), with males mating every sev-
eral days at every opportunity provided.
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