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Supplementary Information
The Japanese pine sawyer, Monochamus alternatus Hope (Coleoptera: Cerambycidae): The minimum larval age at pupal chamber construction in pine trees

1. Preparing the eggs of M. alternatus
The M. alternatus rearing method used in this study was same as those of Go et al. (2019) and Kim and Kim (2020) and is described as follows. Adult populations of M. alternatus were obtained from the branches of pine trees (Pinus thunbergii) infested with larvae in Jeju city, Korea. The pine tree branches collected during February and March 2019 were cut into 1 m long logs (50 pine logs), then placed in a field cage (6.5 m × 4.8 m × 3.0 m) covered with fine wire mesh (3 mm) installed in an experimental farm at Jeju National University. The adults that emerged in the field cage (early June) were then placed in an acrylic oviposition cage (110 cm × 70 cm × 55 cm) in an insect rearing room (25.0 ± 1.0 °C, a photoperiod of 16:8 (L:D) h, and RH > 40 %). 20 cm pine shoots from new growth or 1-year old twigs were used as the food supply for the M. alternatus adults, providing two to five shoots every 2-3 d, depending on the consumption.
[image: ]To make the oviposition substrates, pine trees (5-6 year old with a diameter of 5-8 cm) were felled in Jeju city, Korea, and 15 to 20 cm long bolts were cuts. To prevent the secretion of resin, the pine bolts were held at room temperature for 1 day before being submersed in water for 3-5 days (Go et al., 2019). Pretreated pine bolts were then introduced into the oviposition cage after drying in the shade for 1 day and replaced 2-3 times a week to collect eggs. The M. alternatus eggs were gathered from the collected pine bolts as recommended by Go et al. (2019). Briefly, pine bark was cut out in a 40 mm x 20 mm rectangle at the center of oviposition scar. The eggs were then collected in the space between phloem and cambium, about 7 mm above the oviposition scars (Fig. S1).
Fig. S1. A typical example showing the location of eggs around oviposition scar in the inner bark of pine trees. 

2. Inoculation of hatched larvae into pine bolts 
[image: ]Pine bolts (15-20 cm length and 5 cm diameter) were previously prepared as described above. To make a space for the inoculation of M. alternatus larvae, first, a small square of bark (10 mm × 20 mm) was removed from the pine bolts at the mid-point. Then, a pit was made on the exposed xylem with a medical knife. Larvae were then introduced singly into the pit, covered again with the bark square, and the bark square was fastened with a rubber band. Cut ends of these bolts were sealed with vinyl tape to prevent drying.
Fig. S2. An example of a pine bolt inoculated with M. alternatus larva.

3. Investigation of the tunnel’s entrance hole
Female adult M. alternatus gnaw at the bark surface using their mandibles to make a wound for oviposition. They insert their ovipositor through the center of the wound and deposit a single egg between the phloem and cambium in the inner bark. Hatched larvae first feed on the phloem before feeding on both the phloem and sapwood as they age. Mature larvae excavate a tunnel in the wood to make a pupal chamber and plug the entrance hole of the tunnel using whirled fibrous shreds of wood tissue before winter sets in (Reviewed in CABI, 2019). Thus, the state of entrance hole was examined whether it opened or closed as seen in Fig. S3C or Fig. S3D, respectively.

[bookmark: _GoBack][image: ]
Fig. S3. An example of the larval development of M. alternatus in a pine bolt, up until it made a tunnel. The photos A through E show the same larva tracked until it closed the entrance hole. The photo of F is a typical plug of an entrance hole. 
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