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Abstract: The development of the ejaculatory apodeme of Bactrocera correcta was studied for possible use as an indicator 

of male sexual maturity. The area of the ejaculatory apodeme increased in a sigmoid curve. After emergence, slow 

development was observed during the first five days, followed by rapid development during the second five-day period, and 

the value of area was saturated in approximately 12 days after emergence. The areas of the ejaculatory apodeme of mated 

males were larger than 80,000μm2 without exception. These results suggest that Bactrocera correcta males reach sexual 

maturity when the area of the ejaculatory apodeme develops to 80,000μm2 and they are able to copulate physiologically. 

The response to β-caryophyllene (CP) was also studied with 4-, 6- and 8-day old males, and we found that the response to 

CP correspondingly increased with the size of the ejaculatory apodeme. More specifically, more than 90% of males showed 

a positive response to CP when they had an ejaculatory apodeme larger than 65,000μm2, which is before sexual maturity. 

This suggests male sexual maturity can be evaluated for Bactrocera correcta by measuring the area of the ejaculatory 

apodeme. 
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Introduction

　Bactrocera correcta (Bezzi) is a Tephritid pest species which is 

widely distributed in Oriental Asia (White and Elson-Harris, 1992). 

Vargas et al. (2015) classified economical Bactrocera species into 

four categories based on the pest severity, host range, invasiveness, 

and frequency of infestation, B. correcta was ranked as category A 

pest as same as B. dorsalis which is the most destructive species. 
Bactrocera correcta has been detected numerous times in California 

since 1986 and in Florida since 1999, but has not become established 

(Howard et al., 2014). Recently, spread of the species was reported 

in China (Liu et al., 2013). Although B. correcta is not known to 

occur in Japan, Kamiji et al. (2014) showed that B. correcta has a 

potential to develop and reproduce throughout the year in the case 

of the introduction into Southwest islands of Japan. B. correcta was 

detected 64 times out of confiscated fruits at airports of Japan in 2015 

(PPS 2016). Therefore, B. correcta is regarded as a pest of quarantine 

importance of Japan for the concern of introduction into Japan. The 

adult male of B. correcta has been known to be attracted to methyl 

eugenol (ME).  On the other hand, Tokushima (2010) reported that 

a large proportion of males in the wild population of B. correcta 

stored large quantities of β-caryophyllene (CP) in the rectal gland. 

In addition, a CP trap caught 7 times more B. correcta males than 

ME trap in the field test in Thailand during 2012-2013 (Tan et al. 

2014).  Then, Kamiji et al. (2018) conducted a series of experiments 

to compare the attractiveness of B. correcta males to the CP with 

ME under laboratory conditions.  They reported that males started 

mating at 6 days after the emergence and β-caryophyllene attracted 

immature B. correcta males more strongly than ME.  Wong et al. 

(1991) investigated age-related responses of male melon flies, Dacus 

cucurbitae to cue-lure and indicated that it is critical to attract males 

before the mating for achieving the eradication in male annihilation 

program. Therefore, it is important to develop a method to know male 

sexual maturation in the field to evaluate CP for male annihilation 
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program against B. correcta. Drew (1969) showed that the ejaculatory 

apodeme of Bactrocera tryoni grew with age. Raghu et al. (2003) 

reported that the ejaculatory apodeme could be a tool to assess 

physiological status and sexual maturity of B. cacuminata sampled at 

different resources. The present study investigated the development of 

ejaculatory apodeme in B. correcta to evaluate as an indicator for the 

male sexual maturity under laboratory conditions.

Materials and Methods

Origin of flies

　The fly colony of B. correcta used in this study was introduced 

from Post-Entry Plant Quarantine Center No. 2, Plant Protection 

Department, Ministry of Agriculture and Rural Development 

(MARD), Vietnam, with permission from the Minister of Agriculture, 

Forestry and Fisheries of Japan in 2010 (import permit No. 21Y-

1299). The colony was derived from a stock culture initiated with 

insects collected in Dong Nai Province, Tien Giang Province, and 

Dong Thap Province in Vietnam. 

　After introduction into Japan, the flies were kept in a regular screen 

cage (30 × 30× 45 cm, with a cloth-sleeved opening on one side) in a 

rearing facility (KOITOTRON-PCSH-2SP, Koito Electric Industries 

Ltd., Japan) at Research Division, Yokohama Plant Protection Station 

under constant conditions (25 ± 1°C, 60 ± 10% relative humidity 

[RH], and photoperiod of 14:10 light : dark [L:D], with two 1-h 

twilight phases at the beginning and end of the light phase). The 

colony has been maintained as described by Kamiji et al. (2014) for 

over 30 generations. 

　Adult flies were sufficiently provided with water and diet of 

4:1 mixture of sugar and hydrolyzed yeast (AY65, Asahi Food & 

Healthcare Ltd., Japan). All experiments were conducted in rearing 

facilities kept at a constant condition mentioned above.

Observation of ejaculatory apodeme

　The male abdomen was removed and immersed in 10% potassium 

hydroxide (KOH) for 4 hours. The ejaculatory apodeme was excited 

in water under stereomicroscope (Stemi-2000C; Zeiss) and rinsed 

in 70% alcohol. Then the ejaculatory apodeme was mounted in 

polyvinyl alcohol (PVA) on a flat microscope slide and photographed 

by a digital camera (FX380; Olympus, Tokyo, Japan) set on a 

microscope (10X Uplan APO lens, BX50; Olympus, Tokyo, Japan). 

Nomarski differential interference optics were used for better 

observation of the structure such as growth lines on ejaculatory 

apodeme in the present study. The area of ejaculatory apodeme on a 

digital image was measured using the software (FLVFS-LS Ver.1.12; 

Olympus, Tokyo, Japan). Data analyses were performed using SPSS 

Version 22.0J.

1. Development of ejaculatory apodeme

　A cohort of flies emerged on same day were kept in a regular 

raring cage(30 × 30× 45 cm) fed with water, sugar and hydrolyzed 

yeast ad libitum.  For the observation on the ejaculatory apodeme, 

10 males were sampled daily from the day of emergence to 14 days 

after emergence and also sampled on 21 and 28 days after emergence 

from the cage. Two cages were prepared for this study, 20 males were 

sampled for each day. Sample males were stored in a deep freezer 

(-30℃) at least 24 hours before dissection for the observation.

2. Ejaculatory apodeme size of mating male

　Drew (1969) indicated that flies were not able to copulate until the 

ejaculatory apodeme has reached a certain size.   Kamiji et al. (2018) 

reported that B. correcta males began to mate 6 days after emergence 

with matured females under laboratory conditions. To study the size 

of ejaculatory apodeme that enable males mating, 10 newly emerged 

males were released in a small cage（15×15×20cm）and fed with 

water, sugar and hydrolyzed yeast ad libitum. On 5 days after the 

male emergence, 10 fully matured females (28 days old or more) 

were introduced into the cages. Then on 6 days after the emergence of 

the male, mating pairs were taken out of the cage at 30 minutes after 

the twilight phase stated. If no copulation was observed, the cage was 

remained until any copulation was observed. The area of ejaculatory 

apodeme of mated males were measured and compared with that of 

unmated males. Mated females were dissected for checking sperms in 

the spermatheca.  Five replicates were performed on the same day and 

same experiments were conducted two times (10 replicates in total).

　To compare the size of EA between mated males and unmated 

males, a logistic regression was used (SAS Institute 2012).

3. Ejaculatory apodeme size and CP response

　Kamiji et al. (2018) reported that male flies began to respond to CP 

at 1 day after emergence and the rate of responding male rose with 

age. A cohort of flies emerged on the same day were kept in a regular 

rearing cage (30 × 30× 45 cm).  Twenty males were taken out and 

released in a new regular rearing cage with sufficient water, sugar and 

hydrolyzed yeast in the evening of the day before the test. A simple 

trap (Kamiji et al., 2018) bated with 5μL of CP was placed in the cage 

on 4, 6, 8 days after emergence for one hour in the morning (09:30-

10:30) of the test day.  Then, trapped and non-trapped males were 

taken out and dissected to measure the ejaculatory apodeme.  Three 

replicates were conducted for the different day-old males.

4. Relation between ejaculatory apodeme and body size or 

aedeagus length

　To determine if the area of ejaculatory apodeme was correlated 

with wing size or aedeagus length, 20 fully mature males (28 day 

old) were sampled from a regular rearing cage.  The body size was 

determined from the length of dm cell along CuA1 vein (Iwaizumi 
et al., 1997).  The aedeagus was excised from the sample male and 

measured as same as ejaculatory apodeme.
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Results and Discussion

1. Development of ejaculatory apodeme

　The result of development of ejaculatory apodeme in B. correcta 

is shown in Fig. 1. Increase in the area of ejaculatory apodeme was 

sigmoid or growth curve with slow development period from 0 to 

4 days after emergence followed by a rapid development period 

from 5 to 10 days after emergence.  After that, the value of area was 

saturated (100,563.8±1,960.1 μm2 ) approximately at 12days after 

emergence. The development curve obtained in this study is similar 

to that reported on other Bactrocera species (Drew, 1969, Raghu et 

al., 2003). Kamiji et al. (2018) reported that males begun to mate 

with matured females at 6 day after emergence under laboratory 

conditions. The developmental curve obtained in this study is well 

consistent with the sexual maturation curve presented by Kamiji et 

al. (2018). Raghu et al. (2003) reported the ejaculatory apodeme in 
B. cacuminata is increased in area with a widening of the vanes and 

the growth in the structure is clearly expressed in the form of growth 

lines.  Ellison & Hampton (1982) showed the age determination 

using the apodeme structure in adult screwworm fl ies (Cochliomyia 

hominivolax).  The growth line was also observed on the ejaculatory 

apodeme in B. correcta in the present study.  Although the growth 

line was not always clear enough, it could be used to estimate the 

male adult age in days since emergence.

Fig. 1 Development of ejaculatory apodeme area (mean ± SE) with age (days after emergence) in male Bactorocera correcta.

2. Ejaculatory apodeme of mating male

　One copulation was observed at 6 day, 11 copulations at 7 day and 

4 copulations at 8 day after emergence in 10 cages used in the present 

study.  The area of ejaculatory apodeme mated and unmated males 

are shown in Fig. 2. Logistic analysis showed a signifi cant diff erence 

in the size of EA with days between mated and unmated males (P 
< 0.0001), indicating that mated males had significantly larger EA 

compared to unmated males irrespective the days after emergence. 

The area of ejaculatory apodeme of mated males were all bigger 

than 80,000 μm2.  Although some unmated males had ejaculatory 

apodeme bigger than 80,000 μm2, the ejaculatory apodeme of most 

unmated males were less than 80,000 μm2.  These results suggest 

that Bactrocera correcta male reaches the sexual maturity when the 

area of ejaculatory apodeme develops to 80,000 μm2 and be able to 

copulate physiologically.  Although the females used in the present 

study were fully matured and some males reached to the sexual 

maturity, they could not mate successfully.   This suggests that there 

are some possibilities for younger males to be rejected by females for 

copulations even though the male reached to the sexual maturity.
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Fig. 2 Size of the ejaculatory apodeme area of mated and unmated male flies, 7 and 8 days after emergence.

3. Ejaculatory apodeme respond to CP

　The rate of responding male to CP was 13.8% at 4 days, 47.4% at 

6 day and 62.5% at 8 day after emergences.  These were comparable 

rates to results reported by Kamiji et al. (2018).  The frequency 

distribution of ejaculatory apodeme area at 4, 6 and 8 days were 

shown in Fig. 3-1, Fig. 3-2, and Fig.3-3, respectively.  The range of 

ejaculatory apodeme area at 4 day was from 17,752.6 to 58,079.3 

with highest frequency of 25,000 to 35,000.  And the range of 

ejaculatory apodeme area at 6 days was from 16,729.4 to 79,542.  

Male fly with ejaculatory apodeme area bigger than 80,000 which 

enable to copulate was not observed at 4 and 6 days in the study. The 

range of ejaculatory apodeme area at 8 days was from 17,798.3 to 

106,193.9 and 17.9 % of male fl ies had ejaculatory apodeme bigger 

than 80,000 μm2 in the area. And 90 % of male flies with 80,000 
μm2 or bigger ejaculatory apodeme respond to CP.  All the fl ies used 

in the study were arranged according to ejaculatory apodeme area 

and the response rate in each size was calculated (Fig 4). Flies with 

ejaculatory apodeme less than 25,000 did not respond to CP at all. 

The response rate to CP of the fl y with 25,000 to 65,000 ejaculatory 

apodeme was ranged from 30% to 50%.  On the other hand, the 

response rate to CP of the fl y with ejaculatory apodeme bigger than 

65,000 was more than 90%.　These results suggest that response to 

CP increase with the development of the ejaculatory apodeme, more 

than 90% male that the ejaculatory apodeme has developed bigger 

than 65,000 μm2 response to CP.  Weldon & Taylor (2011) studied the 

eff ect of natural food sources on the sexual development of adult male 

Queensland fruit flies, Bactrocera tryoni by measuring ejaculatory 

apodeme size. They demonstrated that inclusion of yeast hydrolysate 
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Fig. 3-1 Frequency distribution of the ejaculatory apodeme area 
(μm2) of response and non-response males to CP 4 days after 
emergence.

in the adult diet was associated with faster growth of the ejaculatory 

apodeme.　This suggests that the development of the ejaculatory 

apodeme mostly depends on intake of yeast hydrolysate after the 

emergence.　In the present study, the areas of ejaculatory apodeme 

of some male flies were comparable to that of male at emergence 

day.  Those males might not able to intake yeast hydrolysate after 

emergence because of a high density of the raring cage.  The number 

of fl ies was around 2,000 in the cage（30 × 30 × 45 cm) used in 

the present study.  And those males with smaller ejaculatory apodeme 

did not show the response to CP.
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4. Relation between ejaculatory apodeme area and wing size or 

aedeagus length

　The relation between the ejaculatory apodeme size in 28 days old 

males and the aedeagus, dm cell length are shown in Fig 5-1, 5-2　
respectively.  The ejaculatory apodeme size was neither correlated 

with the aedeagus nor dm cell length.  Vijaysegaran et al. (2002) 

reported that electing and pumping organ size was not correlated 

with body size, either in immature males or mature ones of B. tryoni.  

The result of the present study is similar to the result reported by 

Vijaysegaran et al. (2002).
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Fig. 3-2 Frequency distribution of the ejaculatory apodeme area 
(μm2) of response and non-response males to CP 6 days after 
emergence.

Fig. 4 Rate of response and non-response males of different ejaculatory 
apodeme size to CP. The calculation at each ejaculatory 
apodeme size was made based on the accumulative number of 
flies that responded 4, 6 and 8 days after emergence.

Fig. 3-3 Frequency distribution of the ejaculatory apodeme area 
(μm2) of response and non-response males to CP 8 days after 
emergence.

Fig. 5-1  Relationship between ejaculatory apodeme area and Aedeagus 
length

Fig. 5-2  Relationship between ejaculatory apodeme area and body 
size (dm cell length)
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和　文　摘　要

セグロモモミバエ雄の性成熟指標としての射精甲
(ejaculatory apodeme) の発達（英文）

金田　昌士・上地　俊久 1）・佐々木　幹了

横浜植物防疫所調査研究部

　セグロモモミバエ雄の性成熟の程度を評価する指標として射
精甲 (ejaculatory apodeme：EA) の発達を調査した。羽化日令
毎の EA を測定した結果、EA は羽化後の日令とともにシグモ
イド曲線様に発達し、面積の発達は最初緩やかで 6 ～ 9 日に
急激に拡大し、12 日でほぼ飽和する発達することが明らかと
なった。交尾が可能となる EA の面積を調べた結果、今回の試
験では羽化 6 ～ 8 日に交尾が確認され、交尾した個体の EA は
80,000 μ㎡以上であった。これらのことから、セグロモモミ

バエ雄は EA が 80,000 μ㎡に達すると性的に成熟し交尾が可
能となると考えられた。羽化後 4, 6, 8 日令のβカリオフィレ
ン（CP）への反応試験の結果、EA サイズの発達とともに CP
への反応が増大し、EA サイズが、まもなく交尾可能となる
65,000 μ㎡以上の雄では 90％以上が CP に反応することが示さ
れた。以上のことから、EA を調査することにより、セグロモ
モミバエ雄の性成熟程度を評価することが可能で、EA は性成
熟の指標として利用できることが示された。
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