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Simple Summary: To determine the succession of ambrosia beetles after tree felling, two Betulaceae
tree species, an alder (Alnus hirsuta), and a white birch (Betula platyphylla var. japonica) were felled as
bait logs in central Hokkaido, Japan, in 2016. From 2016 to 2018, the bait logs were dissected late in
each flying season to collect ambrosia beetles. During the period of monitoring, most beetles were
collected during the first 2 years. The ambrosia beetle faunas colonizing the two plant species were
found to be similar, and it was established that each beetle species appeared in the same sequence in
each of the two plant species, albeit with differing temporal patterns. These observations thus indicate
a similar sequence of beetle succession in the two tree species, and that the relative niches of beetle
species in the successional sequence after tree felling can be determined using this methodology.

Abstract: Ambrosia beetles bore into the xylem of woody plants, reduce timber quality, and can
sometimes cause devastating damage to forest ecosystems. The colonization by different beetle
species is dependent on host status, from healthy trees to the early stages of wood decay, although the
precise factors influencing their host selection are not well known. Classic studies on plant ecology
have determined the niches of different plant species in vegetation succession, based on comparisons
of successions in different locations using ordination analyses, although the factors influencing the
colonization of each species are largely undetermined. In this study, to characterize the succession of
ambrosia beetles after tree felling, two Betulaceae tree species, an alder (Alnus hirsuta), and a white
birch (Betula platyphylla var. japonica) were felled as bait logs in central Hokkaido, Japan, in 2016.
From 2016 to 2018, the bait logs were dissected late in each flying season, and ambrosia beetles were
collected from the logs. During the period of monitoring, the beetle colonization in both tree species
was mostly concentrated in the first 2 years. We observed similarities in the beetle faunas colonizing
the two plant species, and that individual species appeared in the same sequence in the logs of the
two plant species, although the temporal patterns of colonization differed. Consequently, significant
differences in beetle community compositions in the two host species were detected in each of the
first 2 years of the study, whereas the difference in the overall composition of beetle assemblages
(=pooled over 3 years) between the two plant species was smaller than that in either 2016 or 2017.
We speculated that the differences in the temporal pattern of colonization could be attributable to
differences in the rates at which the wood of the two tree species deteriorated. Treptoplatypus severini
and Xylosandrus crassiusculus were considered to be early-successional species that commenced log
colonization soon after felling, although T. severini has a wide niche and was collected during all
3 years of the study. Conversely, Xyleborinus attenuatus and Heteroborips seriatus were identified as
probable late-successional species that showed a preference for older logs.

Keywords: Treptoplatypus severini; Heteroborips seriatus; Xylosandrus germanus; Xyleborinus attenuatus;
early- vs. late-successional species; niche; Scolytinae; Platypodinae
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1. Introduction

Ambrosia beetles comprise a group of insects in the subfamilies Scolytinae and Platy-
podinae (Coleoptera: Curculionidae). These beetles carry the spores of ambrosia fungi that
are subsequently released in galleries bored into the xylem of host trees, wherein they culti-
vate these symbiotic fungi on which the adults and larvae feed exclusively [1]. A number of
ambrosia beetles can be vectors for pathogenic fungi that cause tree diseases. For example,
the oak ambrosia beetle (Platypus quercivorus) carries the fungus Raffaelea quercivora, which
causes Japanese oak wilt [2], and the redbay ambrosia beetle (Xyleborus glabratus) carries
the fungus R. lauricola, which causes laurel wilt and results in the extensive mortality of
trees belonging to the family Lauraceae in the southeastern United States [3]. In addition,
ambrosia beetles, and their associated fungi, usually cause stains and degrade the valuable
woody products [4].

Ambrosia beetles usually require host materials whose conditions are suitable for
their symbiotic fungi. Most ambrosia beetle species colonize only the tissues of dying
or recently deceased woody plants. In contrast, a very small number of ambrosia beetle
species colonize healthy living trees [1,5]. Similarly, a small number of ambrosia beetle
species exploit older plant material at a more advanced stage of decay [6]. Ambrosia beetles
complete larval development within a selected host, and offspring beetles emerge from the
brood tree in search of fresher host trees because the brood tree has become unsuitable for
the development of the next generation. Therefore, locating and selecting a suitable host
is critical to the reproductive success of ambrosia beetles [1,5]. In this regard, it has been
established that these beetles generally discriminate suitable host trees from less suitable,
extensively decayed, or overly colonized hosts, as well as non-hosts, via a range of olfactory
responses to host volatiles and /or wood degradation products [7]. However, it is difficult
to directly determine the factors that enable ambrosia beetles to recognize suitable hosts.

Ecological succession, the more or less predictable and orderly changes in the species
composition or structure of an ecological community over time, has long been an inten-
sively studied ecological phenomenon in vegetation science [8-11]. Given that vegetation
is the dominant feature of landscapes, successional ecologists have, in the past century,
focused primarily on vegetation succession and developed related concepts and meth-
ods [12], including ordination techniques, which have been widely used to analyze species
distributions along environmental gradients and describe temporal changes in species
composition [11-14]. Studies on vegetation succession have found that each plant species
generally appears in a similar sequence during successional processes at different loca-
tions [9-11].

Recently, some studies have examined animal (mainly invertebrate) succession based
on concepts and methods derived from the study of vegetation succession [15-17]. In this
study, we investigated the succession of ambrosia beetles colonizing the logs of two tree
species that were phylogenetically close to each other by using a methodology similar to
that adopted in the classic studies of vegetation succession. According to existing research,
closely related host trees are very likely to share similar herbivorous assemblages [18-20].
Therefore, we predicted that there would be similarities in the ambrosia beetle fauna
colonizing the two tree species. Consistent with the classic studies on vegetation succes-
sion [9-11], we assumed that during the process of decay, the progression of ambrosia
beetle invasion would occur in a similar sequence among different plant species. On the
basis of this assumption, we also examined the relative niches of the different ambrosia
beetle species (early- to late-successional species) in logs of the two tree species after felling.

2. Materials and Methods
2.1. Study Site Description

This experiment was conducted in the University of Tokyo Hokkaido Forest (UTHF),
Furano City, central Hokkaido (43°10'-21" N, 142°23'-41" E, 190-1459 m a.s.1.) [21]. From
2016 to 2018, the mean annual temperature was 6.5 °C, with maximum and minimum
temperatures of 35.1 °C and —24.3 °C, respectively (observatory point: 43°13' N, 142°23' E,
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230 m a.s.l.). The mean annual precipitation was 1384 mm. The snow cover period usually
ranges from the end of November until the beginning of April, with an average maximum
snow depth of 83 cm [22-24]. This forest is a mixed forest within a transitional area from
the cool temperate to sub-boreal zones. The dominant tree species are Fraxinus mandshurica,
Ulmus davidiana var. japonica, Alnus hirsuta, and Salix spp. on the lower elevations (<300 m),
Abies sachalinensis on the middle elevations (300-600 m), Picea jezoensis, p. glehnii, and Betula
ermanii on the upper elevations (800-1200 m), and alpine vegetation (e.g., Pinus pumila) at
the upper forest limit (>1200 m) [21].

2.2. Bait Log Preparation and Beetle Sampling

In this study, two Betulaceae tree species, an alder (AL, Alnus hirsuta), and a white birch
(WB, Betula platyphylla var. japonica) were used as bait logs. In 2016, 24 healthy individuals
of AL and WB were selected and felled in an AL (43°13’ N, 142°26’ E, 300 m a.s.l.) and WB
plantation (43°13’ N, 142°26' E, 300 m a.s.l.), respectively. The distance between the two
plantations was approximately 1.5 km. To avoid missing the species that attack very fresh
logs, felling times varied from May to July, because capturing flying beetles varies greatly
depending on the seasonal occurrence of the beetle species (Peng Y et al., unpublished data,
see also [25-29]). After removing all branches, the AL and WB logs were left on the ground
in each plantation and exposed to insect attacks. Each log was divided into billets of almost
the same length (approximately 100 cm) and tagged with numbered tape (Figure 1). Given
that very few beetles were captured using ethanol-baited traps after late August (Peng
Y et al., unpublished data), the first billet collection in each year occurred thereafter. In
2016, 129 billets of each tree species were cut three times between August and October. In
2017, billet collections occurred two times in August and October, with a total of 75 and
77 billets cut for AL and WB, respectively. In 2018, billets were sampled once in September,
with 17 and 18 billets collected for AL and WB, respectively. The diameters of AL and WB
billets ranged from 9.7 to 28.9 cm (18.3 & 4.2, mean £ SD) and 9.8 to 32.5 cm (19.5 + 5.2),
respectively.

Figure 1. Logs of alder (left) and white birch (right) sampled in September 2018 (two years after
being felled and exposed to beetle attack).

After each collection, billets were brought back to the UTHF nursery, where beetles
in the logs were sampled by dissection. First, each billet was cut into smaller blocks of
approximately 20 cm in length. Billets with a large diameter were split into smaller parts
before cutting. Then, beetles under the bark were collected by gently removing the bark,
and those in the sapwood were collected by cutting the block into smaller pieces. Each
entry hole (gallery) was treated as a sampling unit. Beetles, including adults and/or larvae,
collected from each active gallery /hole (a gallery/hole inhabited by beetles) were preserved
in a 1.5-mL microtube containing 99.5% ethanol and maintained for further identification.
Beetles belonging to the subfamilies Scolytinae and Platypodinae were identified. We
initially sought the assistance of Dr. Roger A. Beaver in identifying selected individuals
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of each morphospecies, which served as reference material that was referred to when
identifying the collected specimens.

2.3. Data Analysis

In this study, the beetles collected from each of the two tree species in each year were
treated as a sample, and the analyses were based on the number of galleries, rather than
individual beetles. Generalized linear models (GLMs) and zero-inflated count models,
both with Poisson distribution, were fitted to examine the effects of tree species (SP) and
sampling year (YR) on the number of active holes for all and each insect species. The best
fitting model was selected using the Vuong test in the “pscl” package (ver. 1.5.5) [30] based
on Bayesian information criterion (BIC) [31]. The results indicated that the zero-inflated
Poisson (ZIP) model was the best fitting model. Multiple comparisons between YR were
conducted using the Tukey method in the “multcomp” package (ver. 3.5.3) [32].

To determine the timing of the colonization of each insect species, we calculated the
niche center (N;) based on the species’ relative resource preference (the proportion at each
resource state) using the following Equation:

N = Zfixi 1)

where f; is the relative resource preferences of the species in the ith sampling year and x; is
the position value of the ith sampling year [33]. The niche breadth (B;) was measured as
the uniformity of the species distributions among the resource states (sampling years or
age of logs) using the Shannon-Wiener formula [34] in the package “spa” (ver. 0.2.2) [35]:

By=—)_filnfi 2)

When all individuals of a target species were associated with only a single-resource
state (sampling year or age of logs), the niche breadth was zero. Generalized linear mixed
models (GLMMs) were used to test the differences in the niche center and niche breadth of
beetle assemblages between AL and WB, with tree species and insect species as the fixed
and random effects, respectively. The effects of insect species on the niche center and niche
breadth of beetles were also tested using GLMMSs, with beetle species and tree species as
the fixed and random effects, respectively. The GLMM:s analysis was conducted using the
“nlme” package (ver. 3.1-152) [36].

Indicator species analysis (INSPAN) was applied to identify the preferences of insect
species for tree species and log age. The log age preference for AL and WB were iden-
tified separately. The correlation index was used to assess the association of the insect
species with the tree species or log age, for which the statistical significance was evalu-
ated via permutation tests [37]. The “indicspecies” package (ver. 1.7.9) was used for this
analysis [37].

The difference in the beetle community compositions between tree species and dif-
ferent sampling years (or log age) was tested via a permutational multivariate analysis of
variance (PERMANOVA) [38] using the “vegan” package (ver. 2.5-7) [39]. For the PER-
MANOVA, the Chao dissimilarity index was used to calculate the pairwise distances. Logs
with no beetles were excluded from the analysis as they had no relevance when calculating
pairwise dissimilarity. Nonmetric multidimensional scaling (NMDS), partnered with the
Chao dissimilarity index, was employed to evaluate the relationship between the insect
species, SP, and YR.

3. Results

The number of active holes (galleries with beetles) per billet was significantly influ-
enced by SP and YR (Figure 2). The number of active holes in AL did not differ between
2016 and 2017, but both were greater than that in 2018. However, the number of active
galleries in WB was significantly larger in 2017 than in either 2016 or 2018. The number
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of active holes was greater in AL than in WB in 2016, greater in WB than in AL in 2017,
and did not differ between the two tree species in 2018. Accordingly, the beetles started to
attack AL on a vast scale in 2016, with colonization continuing at a high rate in 2017, and
there was a marked reduction in colonization in 2018. In comparison, a smaller number of
beetles colonized WB logs in 2016, although a notable increase in colonization was detected
in 2017, prior to a subsequent reduction in 2018.
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Figure 2. The number of active holes (galleries with beetles) per billet in logs of alder (AL) and white
birch (WB) in different sampling years. The effects of the tree species and sampling year were tested
using ZIP models. Different lowercase letters indicate a significant difference between the different

R

sampling years for each tree species. *** indicate a significant difference between AL and WB in the
same year at the 0.001 levels. ns indicates no significant differences between the tree species in the

same sampling year.

Six ambrosia beetle species were collected from AL logs (Table 1). In addition to the
six species found in AL, three other species of ambrosia beetle were also collected only
from WB logs. The results showed that the beetle colonization of both tree species was
mostly concentrated in 2016 and 2017. In 2018, only Treptoplatypus severini (Blandford)
and Xyleborinus attenuatus (Blandford) were collected from the logs (predominantly the
former). In 2016, the ambrosia beetle communities of both tree species were dominated by
T. severini (78.0% and 96.3% in AL and WB logs, respectively). Besides T. severini, only a
few individuals of other species were collected in WB logs in 2016, whereas the proportion
of Xylosandrus germanus (Blandford) in AL logs reached 16%. In 2017, Heteroborips seriatus
(Blandford) (52.1%) became the dominant species in WB, whereas the beetle assemblages
in the AL logs continued to be dominated by T. severini (52.4%). Overall, in both AL and
WB logs, the ambrosia beetle communities were mainly composed of T. severini, H. seriatus,
Xylosandrus germanus, and Xyleborinus attenuatus (proportion >98%). The overall beetle
assemblages in AL and WB logs were dominated by T. severini (68.7%) and H. seriatus
(44.2%), respectively.
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Table 1. List of ambrosia beetle species found in alder and white birch logs in each sampling year. The number of active galleries is shown for each species. The

values in brackets are the proportion of each species (%).

Alder White Birch
Subfamily Tribe Species Abbreviation 2016 2017 2018 2016 2017 2018
(n=129"1 (n =75) (n=17) (n=129) (n=77) (n=18)
1342 19 953 880 43
. .. .. 2
Platypodinae Platypodini Treptoplatypus severini (Blandford) TS 3476 (77.99) (52.40) (95.00) (96.26) (15.36) (95.56)
. - . 74 897 1 1514 2
Scolytinae Xyleborini Xyleborinus attenautus (Blandford) XA (1.66) (35.03) (5.00) 0 (26.42) (4.44)
716 17 7 331
Xylosandrus germanus (Blandford) XG (16.06) (0.66) 0 (0.71) (5.78) 0
111 305 4 2984
; ; 3
Heteroborips seriatus (Blandford) HS (2.49) (11.91) 0 (0.40) (52.07) 0
. 74 4 1
Xylosandrus crassiusculus (Motschulsky) XC (1.66) 0 0 (0.40) (0.02) 0
Euwallacea validus (Eichhoff) EV 0 0 0 0 © 91 6) 0
Xyloterini Trypodendron lineatum (Olivier) TL 0 0 0 0 (01221) 0
- . 6 21
Scolytoplatypodini Scolytoplatypus daimio Blandford SD (0.13) 0 0 2.12) 0 0
Scolytoplatypus mikado Blandford SM 0 0 0 © 11 0) 0 0
Total 4457 2561 20 990 5731 45
Number of species 6 4 2 6 7 2

! The number of billets of each tree species sampled in each year. 2 Treptoplatypus severini was transferred from Platypus by Beaver and Shih [40]. 3 Heteroborips seriatus was transferred

from Xyleborus by Mandelshtam et al. [41].
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The number of active holes per billet of the four most abundant species (T. severini,
H. seriatus, Xyleborinus attenuatus, and Xylosandrus germanus) are shown in Figure 3. With
regards to comparisons between the two host tree species, we detected no significant
difference in the number of active galleries of H. seriatus between AL and WB in 2016,
whereas in 2017 we recorded a greater number of occupied galleries in WB than in AL
in 2017 (Figure 3A). Conversely, in the case of X. germanus, we detected a larger number
of active galleries in AL than in WB in 2016 (Figure 3B), whereas the opposite trend was
identified in 2017. Furthermore, with respect to X. attenuatus, no individuals were collected
from WB in 2016, whereas we recorded greater numbers of active galleries in WB than AL
in 2017, and no significant difference between tree species in 2018 (Figure 3C). The numbers
of T. severini active holes recorded in 2016 and 2017 were significantly greater in AL than
in WB, but did not differ in 2018 (Figure 3D). Regarding the comparison among sampling
years, the number of H. seriatus active holes in both tree species was significantly greater in
2017 than in 2016 (Figure 3A). In AL, the number of X. germanus active holes was greater in
2016 than in 2017, whereas the opposite was true for WB (Figure 3B). In both tree species,
the number of X. attenuatus active holes was significantly greater in 2017 than in either 2016
or 2018 (Figure 3C). In AL logs, the number of T. severini active holes showed a significant
annual reduction from 2016 to 2018 (Figure 3D); in contrast, in WB logs, the number of
T. severini active holes recorded in 2016 was smaller than that in 2017, although this was
greater than that recorded in 2018.

| . . 150 . .
250 (A) Heteroborips seriatus . (C) Xyleborinus attenuatus B AL
2001 . B WB
a— . 100 *
@ 450.
2 150 - -
- |
= 100 o] nd .
8, ns 50 , b ns
” - i 1 =l -
@ d H . C
§ ol N . l 0 — E
© 2016 2017 2016 2017 2018
o
D 125+ T
g (B) Xylosandrus germanus 1501(D) Treptoplatypus severini
@ 1001 .
\.5 -
5 751 H 100 D okkk —
£ P
501 ! ns
= . %%k % 4 5 ] | ’
= dedee L 50 I :r\
1 9 3 3 ib 5 a
01 ] ' i * 0 — - - —— ——
2016 2017 2016 2017 2018

Sampling year

Figure 3. The number of active holes per billet of the four most abundant species found
in alder (AL) and white birch (WB) logs in different sampling years ((A) Heteroborips seriatus,
(B) Xylosandrus germanus, (C) Xyleborinus attenuatus, and (D) Treptoplatypus severini). Data for
H. seriatus and X. germanus in 2018 are not shown, as no individuals were found in that year. The
effects of the tree species and sampling year on the number of active galleries were tested using
ZIP models. Different lowercase letters indicate that the number of active galleries for the same tree

species differed significantly between the sampling years. ***

indicate a significant difference in the
number of active galleries between AL and WB in the same sampling year at the 0.001 level. ns
indicates no significant differences in the number of active galleries between tree species in the same
sampling year. nd indicates significance could not be determined as no X. attenuatus was sampled

from WB logs in 2016.

The niche center and breadth of the timing of individual beetle species colonization for
both tree species are shown in Figure 4. The results of GLMMs indicated that tree species
and beetle species had marginally significant effects on the niche center, although they had



Insects 2022, 13,223

8 of 15

no appreciable influence with respect to niche breadth (Figure 4; Table 2). In the terms
of host tree colonization, we established that the timing of beetle colonization of AL was
slightly earlier than that of WB (p = 0.063). With respect to the comparison between beetle
species, the colonization timing of Xyleborinus attenuatus was significantly later than that
of Xylosandrus crassiusculus, and S. daimio (p < 0.05). Moreover, the niche center of each
beetle species tended to differ between AL and WB, although it appeared to follow the
same sequence.

2016 2017 2018
Treptoplatypus severini-
1876
Xylosandrus crassiusculus- AL
5 - WB
Heteroborips seriatus- .
2988
Xyleborinus attenuatus-| .
1518
Xylosandrus germanus- —_
338
Scolytoplatypus daimio- H
21
Trypodendron lineatum- .
12
Euwallacea validus- .
9

Figure 4. Niche center (dots) and breadth (bars) of the colonization timing of each insect species
in the logs of alder (AL) and white birch (WB). The numbers indicate the total abundance (number
of galleries with beetles) of each insect species. Here, the niche center (N;) was calculated as the
weighted mean of relative resource preference using the Equation: N. = }_ fix; [33], where f; is
the relative resource preferences of the species in the ith sampling year and x; is the position value
of the ith sampling year. The niche breadth (B; ) was measured as the uniformity of the species
distribution among sampling years using the Shannon-Wiener formula: By = — Y filnf; [34]. Niche
breadth is minimized to zero when all individuals of a species are found in only one sampling
year. Scolytoplatypus mikado was excluded because of the singleton. The results of the generalized
linear mixed model (GLMM) indicated that the tree species and insect species both had marginally
significant effects on the niche center (p = 0.063 and p = 0.061, respectively), but did not affect the
niche breadth.

The PERMANOVA results suggested that both SP and YR had significant effects on
the community structure of the ambrosia beetle assemblages inhabiting AL and WB logs,
with a significant interactive effect (SP: R? =0.0248, p <0.001; YR: R?=0.3417, p <0.001; and
SP * YR: R2 = 0.1126, p < 0.001; Table 3). The NMDS results indicated that the difference in
the overall community structure between AL and WB was small, but increased throughout
each sampling year, except for 2018 (Figure 5). In each tree species, the beetle assemblages
for each year were separate from each other (Figure 5), indicating that YR significantly
affected the community structures in AL and WB.
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Table 2. Effects of tree species and insect species on the niche center and breath of ambrosia beetles
found in alder and white birch logs, analyzed using a generalized linear mixed model. For the tree
species effect, alder was used in the base model with the insect species as the random effect. For the
insect species effect, Xyleborinus attenuatus was used in the base model with the tree species as the
random effect.

. Niche Center Niche Breadth
Factors Predictors Estimates p-Value Estimates p-Value
Tree species (Intercept) 1.39 <0.001 0.249 0.072
White birch 0.321 0.063 —0.0726 0.620
(Intercept) 1.963 <0.001 0.144 0.431
Euwallacea validus —0.073 0.818 —0.144 0.642
Treptoplatypus severini —0.563 0.067 0.557 0.066
Insect species Scolytoplatypus daimio —0.963 0.010 —0.144 0.571
Trypodendron lineatum —0.073 0.818 —0.144 0.642
Xyleborus seriatus —0.097 0.705 0.151 0.551
Xylosandrus crassiusculus —0.863 0.016 0.107 0.672
Xylosandrus germanus —0.462 0.115 —0.038 0.879

Table 3. Effects of tree species and sampling year on the community structure of ambrosia beetles
found in alder and white birch logs from 2016 to 2018. The R-square and p-values were detected

using PERMANOVAs.
Factors R? p-Value
Tree species (SP) 0.0248 <0.001
Sampling year (YR) 0.3417 <0.001
SP * YR 0.1126 <0.001
o
XC
Q | o

o ow
é B oE‘\'l o
z ° g
Y
g 1 Oo
B o
&
w0
(=T g
! g
2 |
I I I I I I I
-1.0 0.5 0.0 05 1.0 15 20

Figure 5. NMDS ordination of ambrosia beetle communities found in alder (AL) and white birch
(WB) logs over three years. The ovals indicate a 95% confidence range of the regimes in each tree
species, each year, or each of their combinations. Open circles (0) and red crosses (+) indicate the
billet samples and beetle species, respectively. The NMDS is based on Chao’s distance matrix. Logs
without beetles were excluded from this analysis, as they are not relevant to Chao’s distance. See
Table 1 for abbreviations of insect species.
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The INSPAN results revealed that X. crassiusculus and X. germanus exhibited a pref-
erence for 1-year-old AL logs (Table 4). No insect species preferred 1-year-old WB logs.
Heteroborips seriatus and X. attenuatus showed a preference for two-year-old AL and WB logs.
Xylosandrus germanus and T. lineatum preferred two-year-old WB logs. Treptoplatypus severini
was the indicator species in both tree species for the first two years after felling. No beetle
species showed a preference for 3-year-old logs. Treptoplatypus severini, X. crassiusculus, and
X. germanus preferred AL logs, while H. seriatus and T. lineatum preferred WB logs.

Table 4. Correlation index of the relationship between the beetle species and tree species or sampling
year, detected using indicator species analysis.

Insect Species Tree Species Alder White Birch
P Alder White birch 2016 2017 2016 + 2017 2016 2017 2016 + 2017

Treptoplatypus severini 0.323 *** 0.465 *** 0.264 *
Xyleborinus attenautus 0.582 *** 0;236
Xylosandrus germanus 0.100 * 0.276 ** 0;392

Heteroborips seriatus 0.235 *** 0.294 ** Oﬁfl

Xylosandrus crassiusculus 0.194 *** 0.319 **

Trypodendron lineatum 0.128 ** 0.254 **

% < 0.001; **: p < 0.01; *: p < 0.05.

4. Discussion

Our results revealed that ambrosia beetles were mainly collected from logs in the first
2 years after felling (Table 1), thereby indicating that these beetles primarily utilized logs
during the initial stages of wood decay. This is consistent with Kappes and Topp [42], who
reported that scolytine beetles avoided logs that were felled three years prior. In total, six
and nine species of ambrosia beetles were collected from AL and WB logs, respectively.
Among the beetle species, T. lineatum, E. validus, S. daimio, and S. mikado exhibited a
very small abundance. This may be due, in part, to their low population density. In
spite of using ethanol-baited flight interception traps in the two plantations in each of
the 3 years, in the present study, only 11 individuals of S. mikado were captured. None
of the other three species were recorded (Peng Y et al., unpublished data), despite the
success of trapping these four insect species with ethanol-baited traps in other locations
in Japan [25,43-45]. Another possible cause is that AL and WB logs are not the major host
materials of these insects. For instance, T. lineatum is usually considered a significant pest
in various coniferous species and rarely colonizes hardwoods [46]. Euwallacea validus was
highlighted as an indicator species of coniferous trees [45]. Scolytoplatypus species usually
attack portions of trees with a fairly small diameter [47].

Although the two assessed host tree species were generally found to be utilized by
a common group of ambrosia beetle species, the PERMANOVA results revealed that the
species of tree had a significant influence on the species composition of ambrosia beetle
communities colonizing AL and WB logs (Table 3), particularly with respect to the insect
assemblages observed in 2016 or 2017 (Figure 5). In the first year, the ambrosia beetle
assemblages of both tree species were dominated by T. severini, but the abundance of
beetles were greater in AL than WB. We suspect that the difference in beetle abundance
between AL and WB observed in 2016 could be attributable to the higher rate of T. severini
and X. germanus colonization in AL (Figure 3B, D). However, during the second year of the
study, beetles were observed to be more abundant in WB than in AL, although conversely
the number of beetles captured using ethanol-baited traps was lower in the birch plantation
than in the alder plantation (Peng Y et al., unpublished data). In 2017, H. seriatus became the
most abundant species in WB logs, whereas beetle communities in the AL logs continued
to be dominated by T. severini. The difference in beetle abundance between AL and WB
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observed in 2017 could be attributable to the greater rate of H. seriatus colonization in WB
logs (Figure 3A). Unlike most other species in the Xyleborini tribe, H. seriatus usually bores
its communal galleries in the inner bark of host trees and not the xylem [48,49]. During the
dissection process in 2017, we observed that the inner bark of WB was still fresh and moister
than that of AL. Therefore, it was reasonable that the majority of H. seriatus chose to colonize
WB logs rather than AL logs. In 2018, only a small number of T. severini and X. attenuatus
were collected from AL and WB logs, and we detected no significant difference in the
structures of the beetle communities inhabiting AL and WB logs. We suspect that these
observations reflect the fact that 3-year-old logs are probably too dry and/or over-colonized,
thereby rendering them unsuitable hosts for ambrosia beetles; consequently, we recorded
a marked reduction in attacks during 2018. The differences in the structures of the beetle
communities inhabiting AL and WB logs may be related to their host species preferences
in part, as our results indicated that T. severini, X. crassiusculus, and X. germanus preferred
AL to WB, while H. seriatus and T. lineatum showed a preference for WB. However, the
proximate causes for the host preferences of these insect species are not clear. Therefore,
further study is required concerning the physical and chemical properties of the logs of the
two tree species. In addition, the NMDS results revealed that the difference in the overall
(3 years in total) beetle assemblages between the two tree species was smaller compared
with the difference in either 2016 or 2017 (Figure 5). We conjecture that a possible reason for
this result may be that AL logs deteriorate faster than WB logs. Firstly, after two years of
deterioration, we observed that the bark of AL had become drier and more fragile than that
of WB, and some parts of AL bark had been separated from the trunk or fallen off, whereas
the bark of WB was wetter and remained intact (see Figure 1), which suggests that AL logs
probably decay faster than WB logs, as tree species with rapidly decomposing bark often
have trunks that decompose quickly [50]. The findings of a wood decomposition study
conducted in North Sweden similarly indicated that the rate of alder (A. incana) decay
was more pronounced than that of birch (B. pubescens) [51], although these tree species
differed from those examined in the present study. Furthermore, we found that the timing
of beetle species colonization tended to be earlier for AL than for WB, although individual
beetle species appeared in the same sequence in the two tree species (Figure 4), which also
supports the more rapid deterioration of AL timbers compared with that of WB. However,
further studies on log decomposition are required to verify this hypothesis.

In warmer regions, some species of ambrosia beetles are known to spend more than one
generation each year in colonized wood, or occasionally more than two generations in hot
summers. For these species, it is probable that the number of attacks was underestimated in
the present study, given that colonization by overwintering generations was not taken into
consideration. However, X. germanus was the only species that showed twin peaks (in late
May and mid-July, particularly in 2016), as indicated by the data obtained based on ethanol-
baited trap captures in the two plantations (Peng Y et al., unpublished data). Although
the sequence of appearance of individual ambrosia beetle species was the same for the
two plant species, the timing of beetle colonization in AL logs was found to be slightly
earlier than that in WB logs (Figure 4), thereby indicating that although the successional
sequence of ambrosia beetles colonizing AL and WB logs was similar, the temporal patterns
differed. On the basis of our observations indicating a similar sequence of ambrosia
beetle species colonization of AL and WB logs, we were able to characterize the relative
niches (early- to late-successional species) for each of the most abundant beetle species
(e.g., T. severini, Xylosandrus crassiusculus, Xylosandrus germanus, Xyleborinus attenuatus,
and H. seriatus) in the two plant species after felling. However, given the relatively low
abundance of remaining species, it would be somewhat premature to speculate on their
respective ecological niches based on the results of this study. During the relatively short
succession period of ambrosia beetles on AL and WB logs, we suspect that T. severini
and X. crassiusculus are early successional species that attack the freshest logs. Although
T. severini was detected as an indicator species in the first two years of this study, it was
conjectured that most of the T. severini galleries were probably colonized in 2016, given
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that the number of T. severini active galleries changed little from 2016 to 2017 but decreased
significantly in 2018 (Figure 3D).

In the present study, the niche breadth was defined by a combination of attack timing
and residence duration. Most ambrosia beetle species tend to remain in decaying timber
for less than 1 year, as they typically complete their reproductive cycle (generally one
generation) within a single year, and their offspring will fly away from the brooding
material after completing development in the current year or during the following spring [5].
Very few species of ambrosia beetles are able to complete several generations in a given
host, typically living trees [5]. Among the beetle species identified in our study, T. severini
can sometimes remain in the same galleries for more than a single year if the quantity
of wood and environmental conditions are suitable for the growth of their symbiotic
fungus [52]. This would explain, at least in part, why T. severini showed the widest
niche among colonizing beetles in our study, whereas other species showed narrower
niches. Furthermore, T. severini is able to attack healthy living trees [52] and can only
breed in undegraded host material with high moisture content, and not in over-decayed or
dried wood [53]. Therefore, it was reasonable that T. severini was identified as a probable
early-successional species that attacks AL and WB logs soon after cutting or even before
cutting. Unlike most species in the tribe Xyleborini, which normally colonize unthrifty,
cut, or broken trees, X. crassiusculus also attacks healthy living trees [54]. This species
requires a high moisture content for successful reproduction [55]. Therefore, it is reasonable
that X. crassiusculus mostly occurred in 2016, and thus was also considered as probable
early-successional species. The other species identified in this study could not normally
colonize healthy living trees but principally attacked dead or dying trees [46,47,49,56-58].
Among these species, Xyleborinus attenuatus and H. seriatus were identified as probable
late-successional species, in that they showed a preference for 2-year-old logs of the two
tree species (Table 4), whereas Xylosandrus germanus, which were mainly collected from
1-year-old AL logs and 2-year-old WB logs, is likely to be an intermediate species.

In line with expectation, we observed similarities in the ambrosia beetle faunas colonizing
the two plant species. The data obtained using ethanol-baited traps indicated that ambrosia
beetles in the two plantations mainly emerged from May to July, which suggests that host
colonization typically occurred during this period (Peng Y et al., unpublished data). Therefore,
it was thought that the samples collected in the fall would include most of the beetles that
colonized the logs. Among the nine species of ambrosia beetles recorded in this study, six
were found to colonize both AL and WB, including the four most abundant species. Previous
studies have reported H. seriatus [41,59,60], Xyleborinus attenuatus [59,61,62], Xylosandrus ger-
manus [59,63,64], Xylosandrus crassiusculus [54,59,63], S. daimio [59,60,65], S. mikado [60,65], and
T. lineatum [66] in both alder (Alnus) and birch (Betula) trees. However, in our study, S. mikado
and T. lineatum were found only in WB logs. This was probably due to their low population
densities in our study sites and/or during our study period, and because AL and WB logs are
not their common habitats, as discussed above. However, not all shared species in this study
have been previously recorded in both alder and birch trees. For example, T. severini have
been recorded in species belonging to the genus Alnus [60,67,68], but have not been recorded
in the genus Betula. Consequently, to the best of our knowledge, this is the first study to report
a species in the genus Betula being utilized as a host plant by T. severini.

5. Conclusions

Six and nine species of ambrosia beetles were collected from AL and WB logs, respec-
tively, and they mainly appeared in the first two years after felling. In line with expectations,
we recorded similarities in the ambrosia beetle assemblages colonizing AL and WB logs,
with six beetle species, including the four most abundant species (T. severini, H. seriatus,
Xyleborinus attenuatus, and Xylosandrus germanus), being detected in each of the two tree
species. Moreover, we established that all beetle species colonizing AL and WB logs ap-
peared in the same sequence, although the temporal patterns of colonization differed.
Consequently, we detected differences in the species composition of beetle assemblages
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colonizing AL and WB logs in each of the first two years of the study, whereas over the
entire study period, the difference in the overall beetle assemblages was smaller than that
in either the first or second year after felling. We speculate that the different colonization
patterns observed for the two tree species could be attributable to the rates at which the
respective woods decay, although further studies are required to verify this assumption.
The similar beetle faunas and sequences in which beetle species appeared indicate that
the succession of beetles in the two plants was similar. Our results indicate that T. severini
and Xylosandrus crassiusculus are probably early-successional species that colonize logs
soon after felling, whereas Xyleborinus attenuatus and H. seriatus were identified as probable
late-successional species that preferentially select older logs.
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