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Abstract: Mature third instar larvae of the oriental fruit fly, Bactrocera dorsalis (HEN-
DEL), were reared from eggs in an artificial diet at the different temperatures (20, 25, 30 and
35°C), and then exposed to hot water immersion (43°C) to compare heat tolerance. No
survivors were obtained at 40 min-exposure time from larvae reared at 20°C, while in the
same exposure time the corrected mortality was 81.49%, 72.1% and 64.1% for the larvae
reared at 25°C, 30°C and 35°C, respectively. Rearing temperature (20-35°C) affected the
tolerance of the oriental fruit fly larvae to 43°C and they were more tolerant when reared
at higher temperatures between 20-35°C.
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Introduction

Hosts of fruit flies such as the Mediterranean fruit fly, Ceratitis capitata (WIEDEMANN),
the oriental fruit fly, Bactrocera dorsalis (HENDEL) or the melon fly, B. cucurbitae
(COLLIQUETT) etc. which are considered pests of quarantine significance, shipped to areas
where the pest does not exist must be subjected to quarantine treatment for disinfestation.
Heat and cold treatments have been developed and applied for disinfestation of Tephritid
fruit flies from many commodities (ARMSTRONG, 1994 ; HALLMAN and ARMSTRONG, 1994 ;
JESSUP et al., 1993 ; PauL and McDONALD, 1994 ; WADDELL ef al., 1997h).

Establishment of quarantine heat treatment protocols is based on thermal mortality
data for fruit flies. These thermal mortality studies do not only contribute the develop-
ment of quarantine treatments but also reveal the heat tolerance of fruit flies more clearly.
Species, life stages, life stages within same species, and aging within life stages influence
heat tolerance (JANG, 1986, 1991 ; TANABE et al., 1994; WADDELL ef al., 1997a). In
addition, conditions such as rearing temperature or larval density influence their heat
tolerance (HALLMAN, 1994 ; HANSEN and SHARP, 1997). HALLMAN(1994) reported that
rearing temperature of immatures of the Caribbean fruit fly, Anastrepha suspensa (LOEW),
affected the heat tolerance when third instar larvae were exposed to hot water immersion.

In the present study, we investigated whether the rearing temperature affected the heat
tolerance of third instar larvae of the oriental fruit fly, B. dorsalis.
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Materials and Methods

1. Test insects

Mature third instar larvae were obtained and used from a laboratory colony of B.
dorsalis at Naha Plant Protection Station in Okinawa. The B. dorsalis colony was
originally collected in Okinawa island before its eradication in Japan in 1986 (Import
Permit No. 63Y2152). Flies were kept at 27+1°C, 70+109%RH, and a photoperiod of 14L:
10D and given artificial diet and water in the adult cage (30 X30Xx45cm). Eggs were
obtained from gravid females using a polypropylene oviposition receptacle (7 cm in diame-
ter, 17 cm in height). The receptacle, punctured 88 times using 0.5 mm diameter pin,
internally coated with lemon juice (10 cc) was placed in the adult cage for 4 hours. Eggs
were washed out using tap water and collected. Approximately 16,000 eggs (1.6 ml) were
spread on 957 g of the larval artificial diet in a polypropylene container (26X19 X8 cm).
The container was placed in a large container (34 X 26 X 11 cm) with mesh lid, and inside of
the larger one put water for the collection of mature larvae. The containers were then
kept in a multi thermo incubator (Tokyo Rikakikai Co., Ltd. EYELA MT1-202) at 20+
0.6°C, 25+0.1°C, 30+0.1°C and 35+0.1°C. Under these rearing temperatures, most third
instar larvae jumped from the diet into the water after 11 days, 7 days and 6 days after egg
inoculation for 20°C, 25°C and 30°C, respectively. At 35°C, the larvae did not jump into the
water and they were collected when some pupae were observed inside the diet. Thus, only
mature larvae were collected and used for hot water immersion.

2. Hot water immersion

One hundred mature larvae in a glass tube (2.5 cm in diameter, 15 cm in height with a
fine wire mesh on the bottom) were immersed into hot water at 43+0.1°C for 0-90 min at
5 min intervals. Treatment was applied in a temperature controlled water bath (Yamato
Science BK-53, 70 liter capacity) after verification of target temperature using a standard
precision thermometer (Toa Keiki MFG. Co., Ltd.).

Immediately after treatment, the larvae in tube were cooled by dipping into water at
25°C for 1 min to remove latent heat from the insects. Then, the larvae were held on 200
g moist sand in polypropylene container (12 cm diameter, 10 cm height) for their pupation.
The containers were held for 30 days under 27£1°C, 70+10% RH and a photoperiod of
14L : 10D, and survivorship was determined based on adult emergence.

In each exposure time and rearing temperature, 200 larvae were treated. Four
hundred larvae for control in each rearing temperature were immersed into water at 25°C
until the end of treatment for the longest exposure time. These tests were replicated four
times.

3. Data analysis

Data were subjected to probit analysis and logit analysis to compare the thermotoler-
ance of larvae which were reared at different temperatures using the computer program,
POLO-PC (LeOra Software, 1987). This program estimates lethal time for 50% (LTs,),
95% (LTss) and 99% (LT,,) mortality, and upper and lower 95% confidence limits for each
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lethal time estimate.

Results

Percentage of corrected mortality of third instar larvae versus exposure time for each
of the 4 replications was calculated using ABBOTT’s (1925) correction and is plotted in Fig.
1. No survivors were observed after 35 min-, 65 min-, 70 min- and 90 min-exposure time
to 43°C hot water immersion when insect were reared at 20°C, 25°C, 30°C and 35°C,
respectively (arrows in Fig. 1). No survivors were found at 40 min-exposure time from the
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Fig. 1. Percentage mortality for third instar larvae of the oriental fruit fly reared at 20, 25,
30 and 35°C, after immersion in water at 43°C. Arrows indicate the point most
tolerant of heat.
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Table 1. Comparison of estimated thermal death times 959% CL on mortality of B. dorsalis
third instar larvae reared at different temperature to hot water treatment at 43°C,

modeled with probit and logit analysis

Analysis Temp x?

LT (95%CL)

LTss (95%CL)

LT, (95%CL)

Probit 20°C 92.74

16.47 (15.28-17.51)

29.15 (27.27-31.71)

36.93 (33.68- 41.73)

25 105.04 27.22 (25.75-28.56) 49.53 (46.77-53.07) 63.48 (58.65- 70.04)
30 55.75 31.55 (30.49-32.55) 57.05 (54.78-59.73) 72.92 (68.96- 77.78)
35 174.64 32.26 (29.18-34.87) 68.16 (62.87-75.71) 92.91 (82.58-109.22)
Logit 20°C 117.01 16.75 (15.34-17.92) 28.93 (26.77-32.19) 39.30 (34.83- 46.96)
25 159.06 27.30 (25.45-28.95) 50.22 (46.50-55.49) 70.67 (62.83- 82.92)
30 89.31 31.57 (30.21-32.83) 57.89 (54.68-62.00) 81.33 (74.53- 90.60)
35 213.81 32.49 (28.97-35.38) 70.60 (63.80-81.44) 109.08 (92.36-139.76)

larvae reared at 20°C, while in the same exposure time (40 min) the corrected mortality was
81.4+6.3% (average+SE), 72.1+7.9% and 64.1£13.1% for the larvae reared at 25°C, 30°C
and 35°C, respectively.

There was a tendency for the larvae reared at higher temperature to be more tolerant
and the most tolerant individual was obtained from the larvae reared at 35°C. However, the
tolerance of larvae reared at 35°C, was variable because one of 4 replications showed high
corrected mortality, 98.3% in 40 min-exposure time and no survivor in more than 45 min-
exposure time, which was similar to thermotolerance of larvae reared at 20°C. The
survival rate or adult emergence of control larvae reared at 20°C, 25°C, 30°C and 35°C was
96.4+0.8%, 97.3+0.4%, 98.1%£0.49% and 91.1£1.19, respectively.

The two dose-response models (probit and logit) were compared to identify which
provided better fit to the data. Probit model provided better fit although chi-square values
of both models showed poor fit of data. In each model, estimated exposure time to
prohibit 5094, 959 and 99% adult emergence (LTso, LTy and LT,,) for the larvae in each
rearing temperature (20-35°C) are shown in Table 1. Significant differences in mortality
for larvae between 20°C, 25°C and 30-35°C were observed based on non-overlap of the LT,
values at the 95%CLs. Similarly, significant differences in LT,s were observed in each
rearing temperature by probit analysis.
between 20°C, 25-30°C and 35°C.

In LTy, significant differences were observed

Discussion

Our experiments indicated that the third instar larvae of B. dorsalis were more
thermotolerant when they were reared at higher temperatures than at lower temperatures
in the range of 20-35°C. This result suggests that the larvae seemed to be acclimated by
high temperatures rearing at the egg and the larval stage, and the rearing temperature had
exerted the influence on the heat receptivity of B. dorsalis larvae.

HaLLMAN (1994) showed that third instar larvae of the Caribbean fruit fly, Anastrepha
suspensa (LOEW) subfamily Trypetinae, exposed to hot water immersion between 43-46°C,
were more tolerant to temperatures when reared at higher temperatures than low tempera-
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tures between 20-30°C. Because B. dorsalis belongs to different subfamily Dacinae showed
similar property in our study, it seems that this property is generally applicable in
Tephritid fruit flies.

Also, HALLMAN (1994) reported when the third instar larvae of A. suspensa were
immersed in water at 43°C for 43 min, 0 of 17,074, 3 of 33,058, and 25 of 33,998 larvae reared
at 20, 25 and 30°C, respectively, survived to the adult stage. In our study, when the larvae
of B. dorsalis treated at 43°C for 45 min, 0 of 800, 77 of 800, 142 of 800 larvae reared at 20,
25 and 30°C, respectively, grew to the adult. These results suggest that in third instar
larva, B. dorsalis is more tolerant than A. suspensa, though both treatment methods were
not exactly the same.

We reared B. dorsalis from egg to third instar larva in an incubator set at 35°C as well
as at 20°C, 25°C and 30°C. However, this temperature was higher than the average of
maximum temperature 31°C in summer at Okinawa island. Actually, temperatures of the
artificial diet in the period of the latter half of third instar stage, seemed to be higher than
35°C induced by the larval metabolic heat. In larvae reared at 35°C, there were individuals
with very strong heat tolerance, while the individuals without strong heat tolerance were
seen, and their thermotolerance was unstable. They did not show jumping behavior before
the pupation, and the emerging rate of untreated larvae for control was lower than those
of larvae reared at the range of 20-30°C. These results suggest the larvae reared at 35°C
suffered the physiological damage under an extreme high temperature.

When the disinfestation examinations of immature fruit flies in fruits are conducted,
in order to decide on the standard of the quarantine treatment by heat, the temperatures
of fruit fly’s habitat should be taken into consideration.
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