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Beetle attacks on weakened trees. Ambrosia beetle attacks on
three weakened Acer amoenum trees (trees A, B, and C) were deter-
mined based on observation of holes found on trunk surfaces and bor-
ing dust pushed out onto the bark surface (as a result of the boring
activity of the beetles penetrating the xylem). Beetle attacks were
recorded on 29 November 2017. Beetle holes on trunk surfaces were
recorded at O to 1.8 m above ground level. The attack density was cal-
culated by dividing the number of holes by the surface area and con-
verting to the number of holes per 100 cm®.

Statistical analysis. A linear mixed model (LMM) was used to
compare the differences in discoloration widths and nonconductive
areas among fungal species and controls in the cut main trunk and sap-
ling branch inoculation tests. The fungal species were treated as a fixed
effect and the cut main trunk and sapling identity as random effects.
Discoloration widths and nonconductive areas were treated as response
variables. The “lme4” package (Douglas et al. 2018) was used for the
LMM. The isolation frequency (IF) of fungal reisolation from branches
was calculated by the following formula: IF = (Bi/Bt) x 100 (%), where
Bi and Bt are the total number of branches on which the fungus was
isolated and the total number of inoculated branches, respectively. Iso-
lation frequencies were compared using the y? test to evaluate whether
frequencies of reisolation differ between the fungal species. The statis-
tical analysis was performed using R software version 3.6.3 (R Devel-
opment Core Team 2020).

Results

After surface sterilizations, four fungal species were isolated from
the bodies of Euwallacea fornicatus, Euwallacea interjectus, and
P. calamus ambrosia beetles (Table 1). The fungus F. euwallaceae
was isolated from both Euwallacea fornicatus and Euwallacea inter-
Jectus with a 100% isolation frequency, whereas the other three fungal
species, Arthrinium phaeospermum, R. cyclorhipidia, and Epicoccum
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Fig. 1. Box plot of the tangential widths of discolored sapwood after the inoculation
of Acer amoenum cut main trunks with four fungal species. AP = Arthrinium phaeo-
spermum, EN = Epicoccum nigrum, RC = Raffaelea cyclorhipidia, and FE = Fusar-
ium euwallaceae. ***P < 0.001 (significantly different from control, according to a
linear mixed model.

Table 2. Model of partitioning of variance from linear mixed model com-
paring the differences in discoloration widths by four fungi to the control

Standard
Fixed effects Estimate error df* tvalue P value”
Intercept 0.06 0.04 22,67 1.04 0.30
Arthrinium 0.13 0.05 65.09 147 0.14
phaeospermum
Epicoccum nigrum 0.13 0.05 64.98 1.59 0.12
Raffaelea 0.19 0.05 6498 386  <0.001%**
cyclorhipidia
Fusarium 0.32 0.05 6498 626  <0.001***
euwallaceae

2 df = degrees of freedom.
PEEP < 0,001,

nigrum, were isolated from P. calamus, with 35, 15, and 5% isolation
frequencies, respectively. No fungi were isolated from 11 of the 20 P.
calamus bodies.

The tangential widths of discolored sapwood produced by inocula-
tion with the four fungal species and the control in the cut main trunks
are shown in Figure 1. The mean tangential width of discolored sap-
wood induced by the control was 0.06 mm. F. euwallaceae, R. cyclo-
rhipidia, Epicoccum nigrum, and Arthrinium phaeospermum were
0.38, 0.26, 0.20, and 0.19 mm, respectively. Of these, only F. euwalla-
ceae and R. cyclorhipidia induced significantly greater sapwood discol-
oration width compared with that of the control (P < 0.001 by the
LMM; Table 2).

Photographs of the inoculation point cross-sections and the percent-
age of conductive area lost after the inoculation of the sapling branches
are shown in Figures 2 and 3, respectively. The mean conductance-area
losses in branches inoculated with F. euwallaceae, R. cyclorhipidia,
and the control were 12.6, 10.8, and 6.4%, respectively. Both F. euwal-
laceae and R. cyclorhipidia induced significant differences in the loss
of conductive area compared with that of the control (P < 0.01 by
LMM; Table 3).

All saplings were alive after a 13-month observation period. No
branches showed symptoms of dieback or wilting as a result of the
inoculations through the end of the experiment. R. cyclorhipidia
was successfully reisolated from all inoculated branches, whereas

Fig. 2. Cross-sections of the inoculated branches of Acer amoenum saplings inoc-
ulated with A, Fusarium euwallaceae, B, Raffaelea cyclorhipidia, and C, a control.
Xylem stained with acid fuchsin indicates the water-conductive area. White arrows
indicate discolored and nonconductive areas (unstained areas; excluding the area
of inserted excised tip of the toothpick or bored area).
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Fig. 3. Box plot of the loss of conductive area (%) after the inoculation of Acer
amoenum sapling branches with two fungal species. RC = Raffaelea cyclorhipidia
and FE = Fusarium euwallaceae. **P < 0.01; ***P < 0.001 (significantly different
from control, according to a linear mixed model).
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