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Exotic invasive elm bark beetle,
Scolytus kirschii, detected in

South Africa

D.L. Six’, Z.W. de Beer"’, R.A. Beaver’, L. Visser’ and

M.J. Wingfield"

Scolytus kirschii (Curculionidae: Scolytinae),

was detected infesting English elms (Ulmus
procera) in Stellenbosch, South Africa. This
appears to be the first report of an infestation
of Scolytus species in this country. The pres-
ence of this beetle is of concern for several rea-
sons. Scolytus kirschii is a serious pest of elms,
capable of killing healthy trees, resulting in
considerable economic impact. There also
exists the possibility that the beetle may
undergo a host switch to indigenous trees,
with potentially serious ecological conse-
quences. Furthermore, the beetle is capable of
being the vector of the pathogens responsible
for Dutch elm disease (DED), Ophiostoma ulmi
and Ophiostoma novo-ulmi. None of the trees
that we inspected in Stellenbosch exhibited
symptoms or signs of DED. Isolations from
infested host material likewise failed to detect
these pathogens. Nonetheless, the damage
to the trees by the beetles alone was suffi-
cient to cause tree death. Future directions for
research and management of the beetle in its
new environment are discussed.

I N FEBRUARY 2005, THE EXOTIC BARK BEETLE,

Introduction

In February 2005, the exotic bark beetle,
Scolytus kirschii Skalitzky” (Curculionidae,
Scolytinae), was detected infesting several
large English elms (Ulmus procera) growing
on a farm in Stellenbosch, South Africa.
Within two weeks of the initial discovery,
infested English elms were also detected
at a second site in Stellenbosch.

To the best of our knowledge, this is the
first report of an infestation of Scolytus
species in South Africa. It also appears to
be the first account of the establishment of
S. kirschii outside southern and central
Europe, the Mediterranean, and Central
Asia. > At this time, it is not known
whether the distribution of S. kirschii in
South Africa is restricted to Stellenbosch

#The original spelling of the specific name kirschii by
Skalitzky' is valid and is retained here (ICZN 1999, article
31),2 although some later authors have used the spelling
kirschi.>"
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or whetheritis more widespread. Itis also
not known how long the beetle has been
present in South Africa, how it gained
entry, or whence it originated. However,
the beetle’s presence in South Africa is of
considerable concern owing to its ability
to kill ornamental elms, the potential that
it may switch hosts from exotic elms to
related indigenous trees, and its potential
impact as a vector of the causal agents of
Dutch elm disease (DED), Ophiostoma
ulmi and O. novo-ulmi.

In this paper, we present a brief intro-
duction to the biology of S. kirschii in
its range outside South Africa. We also
summarize our initial observations of the
beetle in elmsin Stellenbosch, and discuss
the potential adverse effects the insect
may have on biodiversity and on ecologi-
cally and commercially important tree
species in South Africa. Future directions
for research and management of the beetle
inits new environmentare also suggested.

Biology and morphology of Scolytus
kirschii

Very little is known of the biology of
S. kirschii in its native range. The informa-
tion we present here was compiled
from records from parts of central and
southern Europe, Tajikistan, Russia, and
Israel.»**'* Tt is unclear whether the
beetle is indigenous or was introduced to
Israel; however, it appears likely that it is
exotic to that region."

Adultbeetles are very small (1.5-3.0 mm
in length), elongate, and reddish-brown
(Fig. 1), with elytra that cover the posterior
portion of the abdomen. The sternites
ascend steeply to meet the elytra and
possess long, semi-erect hairs (Fig. 2). A
central spine is present on the anterior
margin of the second abdominal sternite
(Fig. 3).

Scolytus kirschii is monogamous. Females
attack the trees and initiate galleries in the
phloem layer just beneath the outer bark,
where breeding occurs. Egg galleries are
constructed following the grain of the
wood and larval galleries extend at
right angles away from the egg galleries,
typically, but not always, directed against
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the grain (Fig. 4). In central Europe and
Russia, egg gallery length ranged 5-25 mm
and brood production was estimated at
4-14 per pair.** It has been suggested that
each female is responsible for multiple
galleries.” However, in Israel, egg gallery
length was observed to range 15-65 mm
and the number of eggs produced per
parental pair was estimated at 50-130."° A
single generation per year was reported
from Russia and central Europe,’’
whereas in Israel the beetle produces four
to five generations annually and over-
winters as mature larvae."

Preferences for breeding substrate appear
to vary somewhat among populations.
The different hosts utilized in each region
may account for some of this variation. In
Israel, primarily stems and branches
2-11 cm in diameter were used for breed-
ing,'” while in Spain and Portugal breed-
ing was mostly confined to twigs and
branches 1-5 cm in diameter, although
occasionally larger material was also
used.” Maturation feeding (feeding by
adultbeetles in phloem tissues independ-
ent of production of brood) is reported to
occur primarily in forks of small branches
and twigs and at the base of leaf petioles.*

Scolytus kirschii appears restricted to
colonizing trees in the genus Ulmus,
although within Ulmus it can be consid-
ered a generalist, attacking all species that
it encounters.”*'"” Records from other
hosts such as Prunus species, Fraxinus
excelsior and Populus alba,* probably refer
to accidental, non-breeding attacks.*
While many Scolytus prefer or are restric-
ted to colonizing weakened trees, some
species are highly aggressive and capable
of successfully attacking and killing
healthy trees.® In Israel, Spain and Portu-
gal, S. kirschii is reported to attack
drought-stressed, but otherwise healthy
elms,'"” while in Russia and Tajikistan,
the beetle is considered highly aggressive
and able to kill healthy, vigorous young
and mature trees.>>®

The beetle is one of several scolytine
species that are known or suspected to be
the vector of the causal agents of DED,
Ophiostoma ulmi and O. novo-ulmi.*™”” The
effectiveness of Scolytus species as vectors
in transmission of the disease is directly
related to the spore load that the beetles
carry. Scolytus kirschii in its native range is
not considered to be an efficient vector in
the transmission of DED. It is a relatively
tiny beetle and carries correspondingly
small spore loads in contrast to other,
larger Scolytus species.”” Webber found
that the spore loads carried by this beetle
fall well below that required to be success-
ful in infecting U. procera, a moderately
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susceptible host."” Furthermore, in its
natural range, S. kirschii tends to breed in
branches and twigs of small diameter that
are prone to relatively rapid desiccation.
In these small-diameter branches the bark
above the breeding galleries often splits,
further accelerating the rate of drying."”
Under dry conditions, the DED patho-
gens are unlikely to sporulate in beetle
pupal chambers and, consequently,
newly emerging adult beetles developing
in such material are unlikely to acquire
spores prior to dispersal, and thus are
unlikely to vector the pathogens.”

In arecent study on phoretic mites asso-
ciated with two other elm bark beetles,
S. multistriatus and S. pygmaeus, the possi-
bility is mentioned that certain mites
might play a role as vectors of O. novo-
ulmi."® Although nothing about the mites
associated with S. kirschii has been pub-
lished, the presence or absence of mites
with the beetles in South Africa needs to
be established.

Scolytus kirschiiin South Africa

The infested trees observed at the first
site in Stellenbosch where the beetles
were detected were large, mature U. pro-
cera (English elm) that were healthy and
well-watered at the time of attack. Of
eightinfested trees, one had died and had
been cut for firewood. The remaining
trees were alive but had sustained such
extensive damage (Fig. 6) that they are
likely to die within the coming year.
Damage due to maturation feeding by the
beetles in twig and branch forks was
commonly observed; however, it was the
densely spaced, short (average length
10 mm), non-breeding galleries present
on most, if not all, medium and small
diameter branches that were responsible
for most of the damage to the trees. These
non-breeding galleries were easy to locate
owing to their sheer abundance and the
vertical cracks in the outer bark that
developed over each gallery (Fig. 5). We
consider these galleries to be the result
of maturation feeding, as no eggs, egg
niches, or brood were ever found associ-
ated with them. At the second site where
beetles were detected, the effects and
colonization patterns of the beetles in
infested trees were similar to those
observed in trees at the first site.

Breeding galleries were primarily ob-
served in the large branches (approxi-
mately 25-40 cm in diameter) of the tree
that had been killed. In these branches,
beetles had already completed develop-
ment and emerged; however, bark re-
mained intact (no cracks) over galleries.
Few breeding galleries were observed
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Figs 1-6. The infestation of English elm trees near Stellenbosch by the exotic bark beetle, Scolytus kirschii.
1, Adult beetle (light microscope, bar = 0.5 mm). 2, Scanning electron micrograph of the adult female beetle,
showing steeply ascending sternites (arrows) with abundant hairs (bar = 1.0 mm). 3, Prominent spine on the
second sternite (bar = 0.1 mm). 4, Breeding galleries consist of several larval galleries (x) extending at right
angles away from a central, longitudinal egg gallery (arrow) (bar = 10 mm). 5, Maturation feeding of the beetles
causes vertical cracks in the bark covering galleries (a) and a discoloration of the sapwood underneath the bark,
surrounding galleries (b) (bar = 10 mm). 6, Large Ulmus procera tree dying as a result of beetle infestation.

in the still-living trees; those that were
observed occurred in small diameter
(approximately 1 cm) twigs. No cracks
were associated with these galleries; how-
ever, the twigs were still relatively green.
Egg galleries in the larger diameter
branches ranged from 7-27 mm in length
(mean = 15.6, s.e. = 1.8, n = 12) and the
number of eggs per gallery (estimated by
counting egg niches and larval galleries)
ranged from 1543 (mean = 28.4, s.e. =
2.4, n = 12). In the smaller diameter twigs
of the living trees, the length of the egg
galleries ranged from 7-11 mm (mean =
8.6, s.e. = 1.2, n = 3) and the number of
eggs from 9-14 (mean = 11.7, s.e. = 2.5,

n = 3). Our estimates of egg production
from galleries in twigs agree with esti-
mates for beetles in France that breed in
small-diameter substrates.* However, our
estimates of egg production in large-
diameter branches were greater than
those for beetles in Russia,’ but substan-
tially below those for beetles colonizing
branches of moderate diameter in Israel."”

Because some Scolytus species act as
vectors of the causal agents of DED, we
also assessed the infested trees for symp-
toms and signs of infection by O. ulmi or
O. novo-ulmi. Although the living trees
were clearly in decline due to mass attack
and physical damage by the beetles, none
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of the trees exhibited symptoms of DED
such as wilt or brown streaking of cambial
and xylem regions, nor signs of the patho-
gens including perithecia, synnemata or
conidiophores in beetle-breeding or non-
breeding galleries, or pupal chambers.
Microscopic inspection of maturation
feeding grooves in branch forks, breeding
and non-breeding galleries, and pupal
chambers revealed only common sapro-
phytic fungi as did cross sections of
branches incubated for up to two weeks
in humid chambers. Isolations from
galleries, feeding grooves, pupae, and
adult beetles on selective media (malt
extract agar amended with cyclohexi-
mide and streptomycin)" likewise failed
to detect the pathogens.

Potential impacts of Scolytus kirschii
in South Africa

The presence of non-indigenous species
can have serious ecological and economic
consequences in the area of introduc-
tion.” Impacts on trees affected by exotic
species can include direct economic effects
including reduced growth, increased
mortality, as well as a fall in property
values, and the costs of control measures
and implementation of regulations.” Less
easily measured, but equally important,
are the often devastating ecological
consequences for indigenous ecosystems.
These may include the reduction in range
or numerical abundance, or even local
extinction, of indigenous species, alter-
ations in ecosystem structure and inter-
species dynamics, and changes in biologi-
cal diversity.”

The introduction of S. kirschii into South
Africa has several potential economic and
ecological implications. A major concern
is its possible influence on ornamental
plantings of the fourteen Ulmus species
and hybrids (all exotic) that occurin South
Africa® As a generalist on Ulmus, S.
kirschii could attack and breed in any of
these elms. However, it is likely that this
beetle, like other elm-feeding Scolytus
species, will exhibit distinct feeding pref-
erences, preferring some species while
feeding at lower levels on others.'*"”**
Consequently, only some elm species in
South Africa are likely to be at high risk of
damage or mortality by the beetle. Our
observations in Stellenbosch indicate that
U. procera is one of these. What other
species are likely to be preferred by the
beetle and at risk remains unknown.

Elms are often prized for their beauty
and shade, which has resulted in their
extensive use as ornamentals in gardens
and street plantings and in practical use as
windbreaks and to provide shade to live-

stock.” The death of mature trees can
result not only in a loss of these functions
but also in considerable economic costs
associated with tree removal and replace-
ment and reduced property values. The
loss of large trees is not easily remedied
because of the long time required for re-
placement trees to grow. Furthermore,
dead trees left in place are unsightly and
pose risks to human safety. Efforts to
protect living trees from beetles are also
likely to prove costly, both economically
and ecologically. Such efforts would
include increased pesticide use and its
associated economic and ecological im-
pacts, and increased irrigation to reduce
susceptibility of trees to beetle attack,
placing higher demands on limited water
resources.

Potential risks to non-Ulmus species also
need to be considered. While S. kirschii is
known to attack Ulmus species mainly in
their native range, a number of other
elm-feeding Scolytus species also infest
hostsin other genera within the Ulmaceae.
For example, both Ulmus and Zelkova are
hosts for S. ensifer, S. eichhoffi, S. multistriatus,
S. scolytus® and S. japonicus."' Other
genera of Ulmaceae attacked by Scolytus
species include Planera and Celtis.* Shifts
onto novel hosts, especially those in
closely related genera, by exotic organisms
in new environments, are not unknown”>
and can result in devastating effects on
native ecosystems.*

Trees in several genera of the Ulmaceae
occur in South Africa. These include
seven species of Celtis (three native, four
exotic), one species of Zelkova (exotic), one
species of Trema (native), and one of
Chaetacme (native).”' Potential effects on
indigenous tree species are of special
concern. Exotic organisms can cause the
decline or even extinction of native plants
and trees, which in turn cause cascading
indirect effects that can alter entire biolog-
ical communities.”*” While the likelihood
is small that S. kirschii will switch hosts to
indigenous trees, related indigenous
trees in the Ulmaceae should be moni-
tored.

The European elm bark beetle, Scolytus
multistriatus, has been accidentally intro-
duced into both New Zealand™ and
Australia, where it causes substantial
damage.” It is intriguing that the insect
is presentin Australia in the absence of the
DED pathogen Ophiostoma novo-ulmi,” but
that both insect and pathogen are pres-
ent in Auckland.* After the discovery of
DED in New Zealand 1989, an intensive
eradication programme was conducted.*
Despite very substantial investments,
small numbers of infected trees continue
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to be found.*® Nevertheless, the eradica-
tion programme is continuing in order to
prevent the spread of the disease to elms
or potentially to native trees in other parts
of New Zealand.” In the absence of the
DED pathogen, S. multistriatus does not
cause serious damage to ornamental elms
in Victoria, but this invasion would have
been substantially more serious if the
DED pathogen were present.” An an-
amorphic basidiomycete, Michenera
artocreas, has been linked to S. multistriatus
in Australia, but its pathogenicity and the
fungus-beetle association is unclear.”
The invasion of S. kirschiiin South Africais
similar to that in Australia in the sense
that the insect is present without the
DED pathogen. However, the impact
that S. kirschii is having on elms in Stellen-
bosch appears to be substantially more
severe than that reported for S. multistria-
tus in Australia.”

While S. kirschii is not considered a
highly effective carrier of the DED patho-
gens in other regions of the world,” it
should not be completely dismissed as a
potential vector in the transmission of the
disease in South Africa should O. ulmi or
O. novo-ulmi be introduced. Many factors
including spore load, phoretic mites, en-
vironmental conditions, feeding prefer-
ence, and host tree susceptibility interact
to determine whether a beetle will be an
efficient vector in a particular location.”**
While spore loads carried by the beetle
are typically small and insufficient to
cause infection in resistant or moderately
susceptible hosts,”” they may be sufficient
to cause infection in highly susceptible
hosts.” Furthermore, in South Africa we
observed the beetle breeding in branches
of very large diameter with uncracked
bark. Unlike the smaller diameter sub-
strate used by the beetle in other regions,
such large material may retain sufficient
moisture to support sporulation of the
pathogens, resulting in a higher spore
load of dispersing beetles.

Future efforts

Pathways of entry for wood-utilizing
insects are most often casewood, palettes,
ordunnage.” With S. kirschii, the pathway
of entry into South Africa most likely
included one of these materials con-
structed of elm wood with bark attached.
The possibility of other Scolytus species,
such as S. multistriatus, with the DED
pathogens entering through the same
route, is alarming. The implementation
and strict enforcement of regulations
against the ingress of such material, espe-
cially that with attached bark, would
greatly reduce the potential for reintro-
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duction of these and other wood-associa-
ted insects.

One of the first steps in response to the
presence of S. kirschii should be to deter-
mine the distribution of the beetle in
South Africa. If the spread is limited and
infestations are localized, procedures
aimed at eradicating the beetle, including
the removal and destruction of infested
trees should be implemented as soon as is
feasible. At the same time, efforts should
be made to determine the location and
mode of entry of the beetle, so that if
eradication is successful, measures can be
taken to avoid future reintroductions. In
addition, an effort should be made to
determine whether S. kirschii is able to
infest native Ulmaceae and especially
species of Celtis such as C. africana. These
trees could be threatened by the invasion
of the insect and an early warning of this
possibility would be useful.

The detection of S. kirschii should serve
as a reminder that exotics pose significant
risks to the resources of South Africa.
Considerable effort must be made to
identify, monitor and regulate pathways
of these organisms to avoid their intro-
duction and associated consequences.
Avoidance is the best approach. If organ-
isms gain entry, however, early detection
can greatly reduce economic damage to
commercially valuable resources and
sometimes allow for successful eradication.
While new introductions of exotics are
often quickly detected in commercial
forests and in ornamental plantings, allow-
ing rapid action against the organisms,
this is not always the case with indige-
nous forests, where changes are often
subtle and not easily noticed. Therefore, a
system should be implemented to monitor
indigenous forests and woody ecosystems
at risk of invasion by exotics. Concur-
rently, there is a need for research to
survey the native insect pests and dis-
eases associated with indigenous woody
plants, which are poorly known and
largely undescribed. In the absence of
such baseline knowledge,” new introduc-
tions are likely to pass unnoticed for
extended periods of time.
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University of Pretoria, for assistance in producing the
scanning electron micrographs of S. kirschii. Partial
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