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ABSTRACT. Three exotic bostrichid beetle species — Sinoxylon anale, S. indicum and S.
sudanicum — were simultaneously detected in Italy from wood packaging material declared
compliant with the International Standard for Phytosanitary Measures No. 15 (ISPM 15) and
originating from India. These taxa were identified through morphological characters and sequences
of COX1 gene were obtained. This case study was analysed and the findings support the need to
implement adequate wood requirements according to IPPC/FAO standards.
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INTRODUCTION

On numerous occasions in international trade, Sinoxylon DUFTSCHMID, 1825 species have
been detected in wood packaging material. Several species are regularly intercepted in
many countries (RATTI & RAMPINI 1977, PoGal et al. 1994, Gels 2000, SAVOLDELLI
& REGALIN 2009, CHASE et al. 2012). The bostrichid genus Sinoxylon contains
approximately 52 species, all of which are native to Asia, Africa and southern Europe,
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where are typically not considered primary pests (BorROwskI & WEGRzYNOwICZ 2007).
Sinoxylon damage is normally caused by the boring of adults and larvae in the stems,
branches, or twigs of dead, damaged, or stressed hosts (NAIR 2007). One species has even
been known to damage lead cables (FILHO et al. 2006). Species of Sinoxylon are frequently
intercepted in the U.S.A., representing 32% of bostrichid interceptions between 1985 and
2000 (HAACK 2006, PRICE et al. 2011).

Three exotic bostrichid beetle species — Sinoxylon anale LESNE, 1897, S. indicum
LESNE, 1897 and S. sudanicum LESNE, 1895 — were simultaneously detected in Italy in
wood packaging material declared compliant with the International Standard for
Phytosanitary Measures No. 15 (ISPM 15) and originating from India (Fig. 1).

1mm

Fig. 1. Lateral views of Sinoxylon species intercepted in Villa Carcina (Brescia, Italy) during 2015.
A) S. sudanicum; B) S. anale; C) S. indicum. Scale bar = 1.0 mm.

Sinoxylon anale, considered one of the most destructive wood borers attacking a great
variety of plants, is the economically most important and most commonly intercepted
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species of Sinoxylon (STEBBING 1914, BEESON 1941, FISHER 1950, ARGAMAN 1987,
TEIXEIRA et al. 2002, SITTACHAYA et al. 2009, BEAVER et al. 2011). Described originally
from India, this species has become almost cosmopolitan and has been introduced or
intercepted in various parts of the world as a result of trading activities. It was recorded in
wood packaging and in roots of Derris in the ports of New York, Detroit, Philadelphia, San
Francisco, Miami and Columbus (LESNE 1906, FISHER 1950). SLIWA (1971) and SKALSKI
(1971) registered the occurrence of S. anale in Poland, in material originating from
Pakistan. ARGAMAN (1987) reported its occurrence in Tel Aviv (Israel). JoLY et al. (1994)
registered the occurrence of the species for the first time in South America, in Venezuela, in
a packing box used for exporting fruits to the United States of America and TEIXERIA et al.
(2002) collected S. anale in wood pallets coming from India and China. In Ukraine,
GuMOVsKY (2010) recorded the species in wood pallets imported from India. A complete
review of hosts of S. anale has been published by LYKIDIS et al. (2016).

Sinoxylon indicum has been intercepted in the United States in all shipments originating
from India (CHASE et al. 2012) and within wood packaging material in Belgium (EPPO
2008) and Lithuania (EPPO 2015). It is reported to be a borer of fuel wood, military
wooden tent-pins and the sapwood of dead wood (BEESON 1941, BHASIN & ROONWAL
1954). BEESON (1941) listed these hosts: Acacia catechu (L.f.) WILLD., Adina cordifolia
(RoxB.) BRANDIS, Anogeissus latifolia (RoxB. ex DC.) WALLICH ex BEDOME, Buchanania
latifolia RoxB., Cassia siamea LAM., Dalbergia sissoo RoxB. ex DC., Mangifera indica L.,
Prosopis spicigera (L.) [= P. cineraria (L.) DRUCE], Pterocarpus marsupium ROXB. and
Zizyphus xylopyrus (RETz.) WILLD. [as Z. xylopyra].

Sinoxylon sudanicum is best known as a destructive borer of wooden furniture
(FLETCHER 1914, ANANTHAKRISHNAN 2004). It has been intercepted in Germany (GENTRY
1965, BOROWSKI & WEGRzZYNowICZ 2007), Italy (RATTI 2004) and in the United States
(CHASE et. al. 2012). According to BEESON (1941) host plants includes Acacia arabica
WILLD., Acacia gageana CRAIB., Albizzia lebbek (L.) BENTH., Albizzia procera (ROXB.)
BENTH., Balanites roxburghii PLANCH., Bamboo (Bambusa sp. in Chatterjee & Misra
1974), Butea frondosa RoxB. ex WILLD., Casuarina equisetifolia L., Dalbergia sissoo
RoxB. ex DC., Ficus palmata Forssk., Mallotus philippinensis (LAM.) MUELL. ARG.,
Mangifera indica L., Pongamia glabra VENT., Prosopis spicigera L., Quercus sp., Rhus
parviflora ROoXB., Shorea robusta GAERTN., Terminalia tomentosa (RoxB.) WIGHT & AM.
and several unidentified woods. Additionally, this species was reported from young fig
trees (Ficus sp. L.) in Sudan (KING 1911), Sesbania grandiflora (L.) PERS. and Cambodia
cotton (Gossypium hirsutum L.) in India (FLETCHER 1914).

This case study is analysed here and the necessity for the adequate implementation of
wood requirements according to IPPC/FAO standards is also discussed (HAACK et al.
2014).
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MATERIALS AND METHODS

Wood packaging crates coming from Rajasthan, India, and arriving at a company in
Villa Carcina (Brescia, Lombardy, Italy) in September 2015 were examined and found to
be infested with exotic, unidentified beetles. Wood samples and live adult beetles were
collected and analysed in the laboratory. At the same time, the remaining wood packaging
was emptied, treated with an insecticide and subsequently destroyed. The beetles were
identified using mainly the works of LESNE (1906), BADAWY & NAGUIS (1961) and
SITTICHAYA et al. (2009). ldentification through external morphological characters was
integrated by molecular analysis. The nomenclature follows BOROWSKI & WEGRZYNOWICZ
(2007).

The imported goods had travelled by ship and truck. They were kept in wooden support
forms with a pallet as a base, current axes fixed with metal studs, overlapping support
(without attachment) and then fixed with axis (sawn wood of various types and essences)
uprights, which closed the upper and lower ends of two plywood panels (Fig. 2).

Fig. 2. Detail of the wood packaging crate, in compliance with and certified according to ISPM 15.
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On some cases, there were no markings while on others the IPPC/FAO mark was
present on some sides (sawn), but otherwise never on pallets or on sawn minor wood pieces

(Fig. 3).

Fig. 3. (A) Added uncertified material placed over the crate as a cover. Note the central upright axis

does not conform either (B).

All 25 cases were isolated in a corner of the warehouse, sealed and wrapped in a cloth
and in cellophane as soon as the infestation was detected in order to prevent contamination
of other types of wood packaging in the area (Fig. 4).

The merchandise had travelled inside a sealed container with no other merchandise
present. The container was opened and the contents were off-loaded for handling by the
aforesaid company. Large quantities of sawdust and numerous beetles were found in the
cloth used for wrapping the crates. Upon inspection, the woody material contained insect-
caused tunnels and holes. Sinoxylon anale was the most numerous species, while smaller
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Fig. 4. Cases isolated in a corner of the warehouse, sealed and wrapped in a cloth and in cellophane.

numbers of S. indicum and S. sudanicum were found. Samples of insects and wood were
taken. The inspection also covered all the areas where the crates were stored. No signs of
the presence of beetles were found anywhere else on the company’s premises.

During the inspection, the purchase invoice was acquired to identify the origin of the
goods, travel insurance and waybill in order to find out the means of transport of the crates
(container, ship, truck), their path and the customs certification identifying the point of
entry into the European Union. Phytosanitary measures No. 0769-10.1X.2015 were issued
requiring: a) proper insecticide treatment for the surface pest control of the contaminated
material, transportation to a site of destruction without the risk of the insects spreading to
surfaces and wood packaging in the vicinity of the affected crates. Pest control was
scheduled for September 11™ 2015; b) the destruction of all 25 wooden crates from India
was to take place via combustion within 15 days. On October 2™ 2015 the effective
enforcement of the phytosanitary measures ordered was verified.
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MOLECULAR ANALYSIS

Overall ten specimens of the three different Sinoxylon species collected were submitted
for molecular analysis. The other specimens are stored at the Regional Plant Health Service
Laboratory c/o Fondazione Minoprio. DNA was purified through Zymo Tissue & Insect
Miniprep Kit (Zymo Research Corporation, Irvine, CA), after specimens were disrupted by
means of Tissue Lyser (Qiagen). The primer pair LepF1/LepR1 (HEBERT et al. 2004) was
used for amplifying part of the mitochondrial cytochrome oxidase gene, subunit 1 (COX1).
The PCR mix had a total volume of 25 pl and contained 3 mM MgCl,, each primer at
a concentration of 400 nM, 0,4 mM dNTPs, 1 pl of genomic DNA, and 1 unit of TagDNA
polymerase (GoTaq G2 Flexi, Pro). The thermocycling profile consisted of one cycle of
1 min at 94°C, six cycles of 1 min at 94°C, 1 min and 30 sec at 45°C, and 1 min and 15 sec
at 72°C, followed by 36 cycles of 1 min at 94°C, 1 min and 30 sec at 51°C, and 1 min and
15 sec at 72°C, with a final step of 5 min at 72°C. The amplification products were sent for
Sanger sequencing using the forward primer LepF1 (GATC Biotech, Ko6ln). Sequences
were edited with BioEdit v.7.2.5.0 (HALL 1999).

Sequences were blasted against the complete sequence database of BOLD data systems
in order to investigate the closest matches (http://www.boldsystems.org).

Sequences having no matches on BOLD were blasted against the complete sequence
database of GenBank (https://blast.ncbi.nim.nih.gov/Blast.cgi). Haplotype and nucleotide
diversity were calculated using DNASP5.10. Genetic distances between species were
measured and the Neighbour Joining Tree was built using Kimura 2-parameter distance
model (MEGA v.7.0).

The sequences obtained in this study were submitted to the GenBank database
(Accession Numbers: Sinoxylon anale LT904778-LT904781%, S. indicum LT934415-
LT934416, S. sudanicum LT934421-LT934424). They represent the first DNA barcoding
sequences for Sinoxylon indicum and S. sudanicum species available in international
genetic databases.

! During this study, Gianluca NARDI (Centro Nazionale per lo Studio e la Conservazione della Biodiversita
Forestale “Bosco Fontana” Carabinieri, Marmirolo (MN), Italy) sent us three specimens intercepted in
Greece and originating from China (LIKTIDIS et al. 2016). Only one specimen was successfully analysed.
The haplotype was identical to LT904780.
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RESULTS

A 583 bp-long fragment of the cytochrome oxidase gene, subunit 1 (COX1), was
obtained for each of the ten specimens processed. Within every Sinoxylon species, the
sequences showed that all the specimens belonged to different haplotypes (H — unique
haplotypes), as could be inferred from the haplotype diversity values (Hd), all equal to 1.
The nucleotide diversity (I1) within species ranged from 0.29% (STD =+ 0.0008) to 0.86%
(STD =+ 0.004), reflecting differences among the haplotypes (Table 1). Polymorphic sites
ranged from 3 to 5 among sequences within a species.

Table 1. Haplotype and nucleotide diversity. Ns — number of sequences, Fl — fragment length (bp),
Ps — polymorphic sites.

Species Ns FI H Ps Hd II + STD
Sinoxylon indicum 2 583 2 5 1 0.00858 0.00429
Sinoxylon anale 4 583 4 3 1 0.00286 0.00076
Sinoxylon sudanicum 4 583 4 5 1 0.00429 0.00087

The genetic distances between the species ranged from 17 to 19%, suggesting that the
three Sinoxylon species are remarkably different from the evolutionary point of view (Table
2).

Table 2. Genetic distances between species.

Sinoxylon indicum Sinoxylon anale Sinoxylon sudanicum

Sinoxylon indicum - (0.0194)* (0.0189)*
Sinoxylon anale 0.1682 (0.0189)*
Sinoxylon sudanicum 0.1896 0.1746 -

*standard error

The Neighbour Joining Tree (Fig. 5) showed that the taxa cluster in three major groups,
representing the three Sinoxylon species as identified by the morphological analysis (bootstrap
test 1000 replicates). A corresponding COX1 sequence of Anthicus antherinus (LINNAEUS,
1761) (Coleoptera: Anthicidae) was chosen as an outgroup from the GenBank database.
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Fig. 5. Neighbour Joining Tree (MEGA v.7.0, Kimura 2-parameter method, bootstrap test 1000
replicates, outgroup KJ964292.1 Anthicus antherinus).

DISCUSSION AND CONCLUSIONS

Three exotic bostrichid beetle species, Sinoxylon anale, S. indicum and S. sudanicum,
were simultaneously infesting wood packaging material shipped from India to Italy. The
molecular data showed that each of the ten specimens analysed belonged to a different
haplotype, i.e. ten unique haplotypes. This genetic diversity could have been derived from
a certain level of admixtures of the Sinoxylon spp. populations at the sites where the
packaging was assembled and/or stored before shipment. At those sites, the wood material
is probably accumulated from different areas of the country, generating populations with
a not negligible level of genetic diversity. This feature could enhance the invasive power of
a founding population when accidentally introduced in an area where the species is not
native.

These exotic Sinoxylon species are common in tropical forests, timber depots, sawmills
and furniture building factories, and are primary borers in the sapwood of logs and timber
used in houses, boxes and packing cases. They are found on numerous occasions in wood
packaging material coming mainly from India and which are reportedly treated according to
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ISPM 15 (KREHAN 2007, BENKER 2008, CHASE et al. 2012). The known host plants are
only tropical species and the climate in Europe is not expected to be suitable for beetle
establishment. However, the possibility that some species may become adapted in
Mediterranean regions cannot be ruled out.

The main causes of non-compliance of ISPM 15 in India are considered to be pest
resistance to treatment, failed treatment and the inappropriate use of the mark (GAUTAM
2014).

In this case study, the wood packaging material was certified IPPC/FAO and
accompanied by the prescribed mark. However, on some crates there was no mark, while
on others it was present only on some sides. Even so, marks were never found on pallets
and on sawn timber of minor dimensions, clearly obtained from other sources. It was
evident that there were extraneous packaging pieces nailed to certified material. The origin
of the infestation seemed to come from these pieces of foreign wood, but the beetles had
spread easily even to the certified wood.

The intention of ISPM 15 is that once the WPM has been treated and officially marked,
the treatment does not expire. Wood packaging made from exempt materials, but combined
with solid wood components, must always be treated and marked. Therefore, marked WPM
can be reused without requiring new treatment or new marking. Regardless of this, when
the marked wood packaging material is repaired or remanufactured, only wood complying
with this standard should be used. Otherwise such non-compliance may have disagreeable
consequences and compromise the application of ISPM 15.
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