
Introduction

　  The oriental fruit fly, Bactrocera dorsalis and the melon fly, 
Bactocera cucurbitae, have a wide host range and ability to attack 

immature fruits (especially B. cucurbitae), and they cause substantial 

damage to the horticultural production of the relevant country.  Japan 

and many other countries free from the two fruit flies have restricted 

trade in fruits from countries with these fruit flies to prevent their 

invasion.

　  Various quarantine treatments have been actively studied since 

the 1980s, such as hot water immersion, vapor heat treatment, and 

cold treatment in order to disinfest these fruit flies.  Heat treatment 

schedules, under which these fruit flies can be effectively disinfested, 

have allowed some tropical fruits (e.g. mango, papaya, longan and 

dragon fruit) to be traded between countries with and without fruit 

flies (MAFF, 2015; USDA-APHIS, 2015).

  　Comparison tests among all developmental stages, including egg, 

first, second, and third instar larvae of the target fruit fly species, are 

often conducted to determine the most heat tolerant development 

stage among them, which will be further tested for establishing the 

heat treatment schedule (Armstrong and Mangan, 2007; Corcoran 

et al., 1993; Heather and Hallman, 2008).  However, some authors 

reported that heat tolerance of fruit flies differs depending on age 

even within the same developmental stage; therefore, disinfestation 

tests should be conducted considering age to develop a treatment 

schedule guaranteed to kill all developmental stages occurring in 

fruit.  Specifically, it is important to investigate variation in heat 

tolerance among different ages in each developmental stage and 

use the age with high heat tolerance in disinfestation tests to obtain 

accurate results.  For example, some studies reported that heat 

tolerance of late-age egg was higher than the others even in the same 

egg stage period in B. cucurbitae, B. dorsalis, B. melanotus, B. tryoni, 

B. xanthodes, and Ceratitis capitata (Corcoran, 1993; Dohino et 

al., 2014; Heard et al., 1991; Moss and Jang, 1991; Waddell et al., 

1997).  From these results for each species, late-age eggs were used 

in following disinfestation test on B. melanotus and B. tryoni (Heather 
et al., 1996; Waddell et al., 1996).  However, the heat tolerance of 

each larval instar period, especially variation of heat tolerance among 

different ages within the first and second instar larval period, has not 

been thoroughly studied.

　In the present study, variation of heat tolerance was examined 

among different ages within each larval instar period of first, second 
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and third instar larvae of B. dorsalis and B. cucurbitae by using hot 

water immersion with a naked insect.  This treatment was used in 

several studies on proper heat tolerance of immature stages of fruit 

flies (Hallman et al., 2011; Heard et al., 1991; Jang et al., 1999; Li 
et al., 2013; Sharp and Chew, 1987; Tora et al., 1996).  The results 

of Kaneyuki et al. (2014), which reports the effect of age on heat 

tolerance within the first instar larval period of B. dorsalis, are 

also incorporated in the present study to reconsider heat tolerance 

variation in each larval instar period.

　  Moreover, first instar larvae which are not fed after hatching are 

used in the hot water immersion test for naked insects (Foliaki and 

Armstrong, 1996), which is conducted to compare heat tolerance 

among fruit fly species for developing a heat treatment disinfestation 

schedule, because it is easy to collect first instar larvae to test without 

separating larvae from diet or fruit when eggs are inoculated on wet 

paper or gauze.  Therefore, we also studied the difference in heat 

tolerance between feeding and nonfeeding first instar larvae of B. 

dorsalis and B. cucurbitae by hot water immersion to investigate the 

effect of feeding on heat tolerance.

Materials and Methods

1. Test insects

　  Laboratory colonies of B. dorsalis and B. cucurbitae reared at the 

Naha Plant Protection Station in Okinawa were used.  The colonies 

of B. dorsalis (Permit No. 63Y2152) and B. cucurbitae (Permit No. 

3N139) were originally collected in the Okinawa island, Yaeyama 

island group before their eradication in 1986 and 1993, respectively.  

The rearing conditions were 27±1℃, 70±10% RH, with a 

photoperiod of 14L:10D.  Flies were reared in the adult cage (450 

× 300 × 300 mm, 2,500 adults per cage), given an artificial diet for 

adults and water.

　  Eggs were collected with cylindrical polyethylene bottles (80 mm 

diameter, 130 mm height) with small oviposition holes (0.5 mm in 

diameter, 198 holes/bottle).  The inner surface of the bottles for B. 

dorsalis and B. cucurbitae were moistened with lemon and pumpkin 

juice, respectively.  These bottles were exposed to gravid female flies 

inside the adult cage for 1 hour to collect eggs.

　  The wheat bran (Okinawa Flour Milling Co. Ltd.)-based larval 

diet of 2–4 g, 20 g, and 20 g with toilet paper (50 × 50 mm) on the 

surface were placed separately in the plastic petri dishes (90 mm 

diameter), prepared to obtain first, second, and third instar larvae of 

the two species, respectively.  Then, 0.3–0.5 ml, 0.3 ml, and 0.05–0.1 

ml of B. dorsalis eggs or 0.2–0.5 ml, 0.2–0.3 ml, and 0.05-0.1 ml of 
B. cucurbitae eggs were inoculated on the larval diet, respectively.  

These petri dishes were placed in polyethylene container A (130 

mm diameter, 105 mm height) and kept in a constant temperature 

chamber (Sanyo Co., MTH-2400, 27±1℃) for first and second 

instar larvae and in a rearing room at 27±1℃ for third instar larvae.  

As for third instar larvae, a new larval diet (180 g) was added and 

placed in polyethylene container A after 72 hours for B. dorsalis and 

64 hours for B. cucurbitae from oviposition.  Larvae of different 

ages of each larval instar period of the two species were given in 

hot water immersion (Table 1).  Late-age third instar larvae were 

popping.  Rearing temperature in the larval diet during the rearing 

period for third instar larvae of B. dorsalis and B. cucurbitae, which 

was measured at 1 hour interval by data-logger (T&D Co, RTR-

52) is shown in Table 2.  The earlier study (Yamamoto et al., 2008) 

reported that larval metabolic heat due to the high density of the 

population contributes to increasing rearing temperature (up to 

38.2℃) and enhances heat tolerance of B. dorsalis third instar larvae.  

The highest temperatures during the rearing period of B. dorsalis and 
B. cucurbitae in our tests were indicated at 29.7±1.0℃ and 28.8±
0.3℃, respectively, because of the low density of larvae in the larval 

diet.  Therefore, the influence of rearing temperature on heat tolerance 

was disregarded in the discussion.

　  Then, first, second, and third instar larvae (except late-age third 

instar larvae) were collected from the larval diet in a petri dish filled 

with tap water.  For late-age third instar larvae, the larvae that jumped 

out of larval diet were collected in polyethylene container B (300 

× 380 × 160 mm) filled with tap water and used for tests within 2 

hours after leaving the larval diet.  Developmental stages of all larvae 

were identified by the morphological character of the larvae (White 

and Elson-Harris, 1992).

　  For comparison test of heat tolerance between feeding and 

nonfeeding first instar larvae, those of B. dorsalis and B. cucurbitae 

were used as test insects.  Feeding larvae were prepared by the same 

method described above.  Eggs (1.0 ± 0.5 ml) were inoculated on 

polyethylene tray (140 × 95 × 40 mm) made of gauze (about 170 μ
m mesh size) in the bottom to collect nonfeeding first instar larvae of 

Table 1. Different age in each larval period of B. dorsalis and B. cucurbitae 
that was immersed in hot water at 45.0℃ .

Age
Rearing period (hour)

B.dorsalis B.cucurbitae

First 
instar

early-age   34   28
middle-age   44   37

late-age   54   46

Second 
instar

early-age   60   53
late-age   75   65

Third 
instar

early-age   84   79
middle-age 105   98

late-age 150 150

Rearing period indicates the time until starting hot water immersion 
from oviposition.

Table 2. Average and highest temperature in an artificial diet during the 
rearing period for third instar larvae of B. dorsalis and B. cucurbitae.

Species of  

fruit fly
Category of 

value

Temperature in diet (℃ )

early-age middle-age late-age

B.dorsalis
Average 27.5 ± 0.2 27.5 ± 0.3 28.1 ± 0.2
Highest 28.5 ± 0.4 29.1 ± 0.9 29.7 ± 1.0

B.cucurbitae
Average 26.7 ± 0.1 26.7 ± 0.2 26.9 ± 0.1
Highest 27.7 ± 0.0 27.6 ± 0.1 28.8 ± 0.3

Each value indicates mean ± SD (℃ ) calculated from temperature data in 
three replicate tests.
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the two species.  This tray was placed in polyethylene container C (147 

× 215 × 130 mm) filled with tap water to a depth that just soaked 

part of the bottom of the tray in order to prevent desiccation of the 

eggs.  First instar larvae that were hatched from eggs moved through 

the gauze bottom to the water in container C.  The larvae collected 44 

hours for B. dorsalis, 37 hours for B. cucurbitae (middle-age) after 

oviposition were used as nonfeeding first instar larvae in this test.

2. Hot water immersion

　  One hundred larvae were counted and placed into a glass tube (25 

mm diameter) with a fine mesh (67μm mesh size) on the bottom 

to allow direct exposure to the hot water.  For treatment plots, these 

tubes with larvae were immersed into 45.0℃ hot water in a water 

bath (Yamato Scientific Co. Ltd., BK-53, 70-liter capacity).  Hot 

water temperature in the bath was confirmed to be maintained at 

45.0 ℃ accurately during treatment by using a standard mercury-in-

glass thermometer (Nihon Keiryoki Kogyo Co.).  These tubes were 

removed from the water bath after 5, 10, 15, 20, 25, and 30 min. 

exposure time.  However, different sets of exposure time were used 

for early- and middle-age B. cucurbitae third instar larvae (3, 6, 9, 12 

and 15 min.), and for late-age third instar larvae (3, 6, 9, 12, 15 and 

18 min.).  These treated larvae were immediately cooled in the water 

at 27± 1℃ for 10 min after hot water immersion to remove the heat.  

Untreated larvae in the control plot were immersed in the water at 27

± 1 ℃ for the duration (including cooling time for 10 min.) of the 

longest immersion of the heat-treated larvae.  Then, the treated and 

untreated larvae were collected from the test tube through a funnel 

(80 mm diameter, 160 mm height) on separate pieces of gauze (50 × 

50 mm).  Each piece of gauze with first instar or second instar larvae 

was placed onto a larval diet (3 g or 5 g, respectively) on moistened 

double-layered black filter paper (Advantec Toyo Kaisha, Ltd., No. 

131, 90 mm diameter) in a petri dish, whereas the pieces of gauze 

with third instar larvae were placed onto a 10 g larval diet in a petri 

dish, and only the gauze was removed.  These petri dishes with larvae 

were then placed in polyethylene container A (200 g of sand was 

placed in the bottom of the container only for third instar larvae) and 

held at 27 ± 1 ℃ in the constant temperature chamber for first and 

second instar larvae and the rearing room for third instar larvae.

　  Moving larvae at 2 days after treatment were counted as survivors 

for first and second instar larvae.  As for the third instar, all larvae 

were transferred to new larval diet (5 g) at 2 days after treatment, and 

then, the larval diet was removed from the petri dish at 5 days after 

treatment.  The obtained pupae were separated from sand by sieving 

at 7 days after treatment, and emerged adult flies from these pupae 

were counted as survivors at 21 days after treatment.  Each test was 

replicated 3 times.

3. Data analysis

　  All mortality data in each age or feeding condition of each fruit 

fly species was corrected for mean mortality in the each control plot 

using Abbott’s formula (Abbott, 1925).

　  The exposure time-mortality relationship was estimated by 

logit analysis (PoloPlus, ver. 2.0, LeOra Software).  This program 

estimated lethal time (LT50, LT95 and LT99) for 50%, 95%, and 99% 

mortality, and upper and lower 95% confidence limits for each lethal 

time.
Results

1. Effect of age on heat tolerance within each larval instar period

　  Mean corrected mortality of different ages of first, second, and 

third instar larvae of B. dorsalis and B. cucurbitae after hot water 

immersion at 45.0℃ is shown in Fig. 1 and Fig. 2.

　  Corrected mortality of B. dorsalis after each exposure time was 

low, in the order of middle-age < early-age < late-age for the first 

instar (except 10 min. exposure), early-age < late-age for the second 

Fig. 1. Corrected mortality of different ages of B. dorsalis first, 
second, and third instar larvae after hot water immersion at 45.0°C.

（縮尺指定：1/2倍）

Fig. 1. Corrected mortality of different ages of B.dorsalis  first, second, and
third instar larvae after hot water immersion at 45.0℃.
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instar, and late-age < middle-age < early-age for third instar larvae.

　  Corrected mortality of B. cucurbitae was low, in the order of 

early-age and middle-age < late-age for the first instar, early-age < 

late-age for the second instar and late-age < early-age and middle-age 

for third instar larvae (except 3 min. exposure).

  　Survivors in first and second instar larvae of B. dorsalis and first 

instar larvae of B. cucurbitae were observed after the most severe 

30 min. exposure.  However, no survivor of third instar larvae of 
B. dorsalis and second instar larvae of B. cucurbitae was observed 

after 25 min. exposure, and also no survivor of third instar larvae of 
B.cucurbitae was observed after 15 min. exposure.

　  Lethal time estimates (LT value) with associated 95% confidence 

limits that were calculated by Logit analysis for B. dorsalis and B. 

cucurbitae are shown in Table 3 and Table 4, respectively.

  　In B. dorsalis, data for first instar larvae show that LT values of 

late-age were shorter than those of early-age and middle-age.  The 

95% confidence limits of LT values did not overlap between the late- 

and other ages.  Data for second instar larvae show that LT values 

of the late-age were shorter than those of the early-age.  The 95% 

confidence limits of LT values did not overlap between the early-age 

and late-age.  Data for third instar larvae show LT values of the late-

age were longer than those of the early-age and middle-age.  The 95% 

confidence limits of LT values did not overlap between the late- and 

other ages.

    In B. cucurbitae, data for first instar, second instar, and third instar 

larvae show a similar trend to those of B. dorsalis.  Furthermore, the 

95% confidence limits of LT50 and LT95 values of first instar larvae did 

not overlap between the late- and the other ages.  The 95% confidence 

limits of LT95 and LT99 values of third instar larvae did not overlap 

between the late-age and middle-age, although those of the LT values 

overlapped among the other combinations.

2. Effect of feeding on heat tolerance of first instar larvae

    Corrected mortality of nonfeeding first instar larvae of B. dorsalis 

and B. cucurbitae was lower than that of feeding larvae (Fig. 3).  

However, the 95% confidence limits of LT value (except LT50) 

overlapped between the feeding and the nonfeeding (Table 5).

　  Corrected mortality of B. dorsalis was lower than that of B. 

cucurbitae on feeding (except 10 min. exposure) and nonfeeding first 

instar larvae, respectively (Fig. 3).  And LT values of B. dorsalis are 

longer than those of B.cucurbitae on feeding and nonfeeding first 

instar larvae, respectively, without overlapping of the 95% confidence 

limits of LT values (Table 5).

Table 3. Comparison of estimated thermal death times of different ages of B. dorsalis first, second, and third instar larvae after hot water immersion at 45.0℃ .

Age χ 2 Slope ± SE
Lethal time(min) at 45.0℃

LT50（95%CL） LT95（95%CL） LT99（95%CL）

First 
instar

early-age 11.24 0.219 ± 0.010 23.00 ( 21.61 – 24.54 ) 36.44 ( 33.44 – 41.00 ) 43.98 ( 39.69 – 50.61 )
middle-age 11.84 0.193 ± 0.011 27.18 ( 25.42 – 29.55 ) 42.47 ( 38.13 – 49.85 ) 51.03 ( 44.94 – 61.54 )

late-age 19.38 0.301 ± 0.014 11.43 (   9.78 – 12.93 ) 21.22 ( 18.78 – 25.34 ) 26.71 ( 23.17 – 32.96 )

Second 
instar

early-age 31.39 0.171 ± 0.009 21.17 ( 18.07 – 24.49 ) 38.38 ( 32.67 – 51.05 ) 48.02 ( 39.74 – 67.06 )
late-age   2.70 0.238 ± 0.014   8.14 (   7.28 –   8.90 ) 20.49 ( 19.33 – 21.90 ) 27.41 ( 25.61 – 29.66 )

Third 
instar

early-age   4.18 0.502 ± 0.034   6.48 (   5.81 –   7.08 ) 12.35 ( 11.37 – 13.71 ) 15.63 ( 14.18 – 17.73 )
middle-age   1.77 0.688 ± 0.050   8.26 (   7.85 –   8.63 ) 12.54 ( 12.01 – 13.21 ) 14.94 ( 14.15 – 15.97 )

late-age   2.20 0.490 ± 0.028 13.47 ( 13.06 – 13.86 ) 19.48 ( 18.82 – 20.28 ) 22.85 ( 21.89 – 24.04 )
Estimated LT50, LT95 and LT99 with associated 95% confidence limits were calculated by Logit analysis.

Fig. 2. Corrected mortality of different ages of B. cucurbitae first, 
second, and third instar larvae after hot water immersion at 45.0°C.

（縮尺指定：1/2倍）

Fig. 2. Corrected mortality of different ages of B. cucurbitae  first, second,
and third instar larvae after hot water immersion at 45.0℃.
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Discussion

　  Heat tolerance of first instar and second instar larvae for B. 

dorsalis and B. cucurbitae decreased in late-age (Table 3 and Table 4).  

Change in the internal structure of larvae when proceeding to the next 

stage might affect tolerance to heat.

　Our results showed that heat tolerance of B. dorsalis third instar 

larvae increased in late-age in the same way as reported by Jang 

(1991).  Furthermore, Foliaki and Armstrong (1996) and Waddell et 

al. (1997) reported on third instar larvae of Bactrocera facialis and 
B. melanotus that heat tolerance of popping larvae (late-age larvae 

in this study) was higher than feeding larvae (early-age or middle-

age larvae in this study).  However, heat tolerance of B. cucurbitae 

third instar larvae didn’t increase in late-age.  These results suggest 

that variation in heat tolerance among different ages within the third 

instar larvae period differ by fruit fly species.  However, further 

physiological studies will be needed to clarify the mechanism by 

which the heat tolerance of larvae varies depending on different ages 

within each larval instar period.

　  The results of mortality tests with eggs of B. cucurbitae, B. 

dorsalis and B. tryoni after hot water immersion show that heat 

tolerance increases according to the embryonic development 

(Corcoran, 1993; Dohino et al., 2014).  Furthermore, these authors 

reported that the heat tolerance of eggs decreased temporarily and 

remarkably at a certain age when eggs of B. cucurbitae, B. dorsalis, 

and B. tryoni were immersed in hot water at 45℃, 45℃ and 46℃, 

respectively.  And Waddell et al. (1997) report that the heat tolerance 

of the late-age third instar larvae of B. xanthodes is higher than that 

of the early-age at 43℃ and 44℃, in the same way as the early-age 

at 45 ℃ and lower than that of the early-age at 46–48 ℃ in the hot 

water immersion test.  Hence, although hot water temperature was set 

only at 45℃ in this test, the response to heat in the larval stage of B. 

dorsalis and B. cucurbitae may also change when they were treated at 

different temperatures.

    LT values of nonfeeding first instar larvae of B. dorsalis and B. 

cucurbitae tended to be higher than those of feeding first larvae of 

both species of fruit flies, although the 95% confidence limits of 

LT95 and LT99 overlapped between the feeding and the nonfeeding.  

Hence, more detailed studies are necessary to conclude whether heat 

tolerance between feeding and nonfeeding first instar larvae differ 

or not.  In any case, heat tolerance of B. dorsalis exceeded that of B. 

cucurbitae regardless of feeding or nonfeeding.  Therefore, we think that 

nonfeeding first instar larvae are allowable for use in hot water immersion 

for naked insects, which is conducted to compare heat tolerance among 

Table 4. Comparison of estimated thermal death times of different ages of B.cucurbitae first, second, and third instar larvae after hot water immersion at 45.0℃ .

Age χ 2 Slope ± SE
Lethal time (min) at 45.0℃

LT50（95%CL） LT95（95%CL） LT99（95%CL）

First 
instar

early-age   3.26 0.528± 0.035 20.56 ( 20.16 – 20.94 ) 26.14 ( 25.46 – 26.98 ) 29.26 ( 28.27 – 30.53 )
middle-age 10.95 0.402± 0.023 19.14 ( 17.96 – 20.20 ) 26.46 ( 24.82 – 29.02 ) 30.56 ( 28.19 – 34.45 )

late-age 29.04 0.387± 0.023   7.92 (   5.67 –   9.66 ) 15.54 ( 13.06 – 21.15 ) 19.80 ( 16.20 – 28.60 )

Second 
instar

early-age   7.20 0.784± 0.071 15.80 ( 15.19 – 16.39 ) 19.55 ( 18.50 – 21.54 ) 21.66 ( 20.17 – 24.68 )
late-age   0.87 0.566± 0.045   9.34 (   8.85 –   9.77 ) 14.54 ( 13.87 – 15.41 ) 17.46 ( 16.44 – 18.81 )

Third 
instar

early-age 33.92 0.929± 0.057   5.33 (   3.55 –   6.71 )   8.50 (   7.01 – 14.39 ) 10.28 (   8.21 – 19.43 )
middle-age   1.57 1.387± 0.187   5.74 (   5.49 –   5.92 )   7.86 (   7.48 –   8.49 )   9.05 (   8.43 – 10.10 )

late-age   2.95 0.634± 0.039   5.99 (   5.65 –   6.30 ) 10.63 ( 10.14 – 11.23 ) 13.23 ( 12.51 – 14.15 )

Estimated LT50, LT95 and LT99 with associated 95% confidence limits were calculated by Logit analysis.

Table 5. Comparison of estimated thermal death times of feeding and nonfeeding first instar larvae of B. dorsalis and B. cucurbitae after hot water 
immersion at 45.0℃ .

Age χ 2 Slope ± SE
Lethal time (min) at 45.0℃

LT50（95%CL） LT95（95%CL） LT99（95%CL）

B. dorsalis
feeding 11.84 0.193 ± 0.011 27.18 (25.42 – 29.55) 42.47 (38.13 – 49.85) 51.03 (44.94 – 61.54)

nonfeeding   7.08 0.226 ± 0.019 32.56 (30.57 – 35.85) 45.59 (40.86 – 54.35) 52.89 (46.50 – 64.86)

B. cucurbitae
feeding 10.95 0.402 ± 0.023 19.14 (17.96 – 20.20) 26.46 (24.82 – 29.02) 30.56 (28.19 – 34.45)

nonfeeding   9.69 0.416 ± 0.025 21.71 (20.63 – 22.68) 28.78 (27.20 – 31.29) 32.74 (30.44 – 36.56)

Estimated LT50, LT95 and LT99 with associated 95% confidence limits were calculated by Logit analysis.

Fig. 3. Corrected mortality of feeding and nonfeeding first instar larvae of B. 
dorsalis (Bd) and B. cucurbitae (Bc) after hot water immersion at 45.0℃.

（縮尺指定：1/2倍）

Fig. 3. Corrected mortality of feeding and nonfeeding first instar larvae of
B. dorsalis (Bd) and B. cucurbitae  (Bc) after hot water immersion at
45.0℃.
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fruit fly species for developing a heat treatment disinfestation schedule, at 

least under the same test conditions of this study.

  　Finally, the results in this study showed that heat tolerance of 

larvae varied depending on age even in each larval instar period.  The 

possibility of variation of heat tolerance depending on different ages 

in each larval instar period may occur under quarantine heat treatment 

for commercial application.  Therefore, the most heat tolerant age 

in each larval instar period should be used in disinfestation tests to 

develop quarantine heat treatment.  However, we think the larvae that 

already went out of fruit (the late-age third instar larvae in this study) 

are not required to be used in the disinfestation test for fresh fruit.

　  The method of constant-temperature hot water immersion with 

naked insects, as used in our study, is useful to investigate proper heat 

tolerance of immature stages of fruit flies.  However, naked insects 

were heated rapidly in this method, and it is markedly different in the 

heating rate from quarantine treatment, such as hot water treatment 

and vapor heat treatment for commercial application, in which insects 

in fruits are heated gradually.  Especially in larvae, the location of 

the insect in fruit may decrease the heating rate further (Armstrong 

and Mangan, 2007).  Therefore, further research using fruit infested 

with larvae under the gradual heating is required to investigate heat 

tolerance variation on the effect of age in each larval instar period of 

fruit flies.
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和　文　摘　要

ミカンコミバエ及びウリミバエの各幼虫齢期内における
発育時期及び給餌の有無が熱耐性へ与える影響（英文）

兼行　賢人 1)・小橋川　嘉一・山本　卓司・菊川　華織 2)・宮崎　勲・安達　浩之 3)

那覇植物防疫事務所

　ミカンコミバエ及びウリミバエ 1齢幼虫の前期、中期及び後
期、2齢幼虫の前期及び後期、3齢幼虫の前期、中期及び後期
を各幼虫齢期内の発育時期及び給餌の有無が熱耐性へ与える影
響（給餌影響は 1齢幼虫のみ）を調査するために、45℃の温水
に浸漬した。温湯浸漬の結果、2種の 1齢幼虫及び 2齢幼虫の
熱耐性は後期に低下する一方、ミカンコミバエの 3齢幼虫にお

ける熱耐性は後期に増加したが、ウリミバエ 3齢幼虫の後期で
は熱耐性の増加は観察されなかった。2種の 1齢幼虫における
熱耐性への給餌の明確な影響は観察されなかった。これらの結
果は、果実に寄生するミバエ類を完全殺虫するための加熱処理
基準を確立するための殺虫試験では、各幼虫齢期内の発育時期
の熱耐性への影響を考慮する必要があることを示唆している。
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