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Abstract – The potential distribution of sirex wood wasp (Sirex noctilio) in Australia, South America and Africa (where the insect is known to
occur and is spreading) and North America and China (where sirex has not established) was assessed from a study of the insect’s current
distribution and host range.  Sirex noctilio has a wide host range, mainly in Pinus, including many important commercial species planted as
exotics in the Southern Hemisphere as well as native stands in North America.  Using the climate-matching program CLIMEX the potential
distribution range of S. noctilio was predicted across the globe based on climatic conditions in Eurasia and northern Africa, where the insect is
endemic.  Sirex noctilio is predicted to establish in the majority of commercial Pinus plantations in Australia.  Many countries with commercial
Pinus plantations in South America (Uruguay, Brazil, Argentina, Chile and Paraguay) as well as South Africa are predicted to be colonised by
S. noctilio by natural migration.  Countries that are a long distance from S. noctilio-infested areas, such as Ecuador, Colombia, Venezuela,
Zimbabwe, Tanzania, Uganda, Ethiopia and plantations in southern Chile, western Australia and north-western Brazil, are only likely to be
colonised by S. noctilio via human-assisted transport of infested wood.  Sirex noctilio was predicted to be able to persist in many areas in North
America.  In China, S. noctilio is predicted to be able to persist in many areas where large-scale afforestation of susceptible hosts has occurred
and is planned.  However, S. noctilio is endemic in neighbouring countries of China, indicating that something other than climate and host is
restricting S. noctilio establishing in China, or that it has not been detected yet.  The Sirex Management Strategy will help reduce the spread
and impact of S. noctilio.

sirex wood wasp / climate matching / CLIMEX / invasion / risk assessment / biosecurity / species’ distribution range

Résumé – Prédiction de la distribution potentielle de Sirex noctilio (Hymenoptera : Siricidae), ravageur exotique des plantations de
Pinus. La distribution potentielle du Sirex (Sirex noctilio) en Australie, en Amérique du Sud et en Afrique (où l’on sait que l’insecte intervient
et s’étend), et en Amérique du Nord et en Chine (où il n’a pas été introduit) a été estimée à partir d’une étude de la distribution actuelle de
l’insecte et de sa gamme d’hôtes. S. noctilio a un large spectre d’hôtes, principalement chez les pins, y compris chez des espèces importantes
d’un point de vue commercial, introduites en plantations dans l’Hémisphère Sud ainsi qu’indigènes en Amérique du Nord.  En utilisant le
programme d’assortiment climatique CLIMEX, la distribution potentielle de S. noctilio a été prédite à l’échelle du globe en se basant sur les
conditions climatiques d’Eurasie et d’Afrique du Nord où l’insecte est endémique.  On prédit que S. noctilio devrait s’établir dans la majorité
des plantations commerciales australiennes de Pinus. Beaucoup de pays possédant des plantations commerciales de Pinus en Amérique du Sud
(Uruguay, Brésil, Argentine, Chili et Paraguay) et en Afrique du Sud devraient être colonisés par migration naturelle. Les pays très éloignés
des zones infestées par S. noctilio, tels que l’Équateur, la Colombie, le Vénézuela, le Zimbabwé, la Tanzanie, l’Ouganda, l’Éthiopie, le sud du
Chili, l’Australie Occidentale et le nord-ouest du Brésil, sont susceptibles d’être colonisés par S. noctilio, seulement via les transports par
l’homme de bois infestés.  S. noctilio est capable de persister dans de nombreuses zones d’Amérique du Nord.  En Chine, il peut persister dans
de nombreuses régions où des reboisements de grande envergure d’essences sensibles ont déjà eu lieu ou sont prévus.  Cependant, S. noctilio
est endémique dans des pays voisins de la Chine, ce qui indique que d’autres facteurs que le climat et l’hôte restreignent son installation en
Chine, ou qu’il n’y a pas encore été détecté. La stratégie de gestion de Sirex aidera à réduire l’expansion et l’impact de S. noctilio.

Sirex / assortiment climatique / CLIMEX / invasion / évaluation des risques / biosécurité / gamme de distribution d’espèce
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1. INTRODUCTION

Sirex noctilio Fabricus is a siricid wood wasp native to Eur-
asia and northern Africa [49, 51].  Female S. noctilio oviposit
eggs into stressed or suppressed trees, along with a phytotoxic
mucus and a wood decay fungus (Amylostereum areolatum)
carried by the wasps [30, 36, 38, 55, 56].  Trees drilled by
S. noctilio soon die due to the combination of the mucus and
fungus.  Sirex noctilio has a wide host range in Pinus, including
P. radiata, P. taeda, P. ponderosa, P. muricata, P. pinaster,
P. elliottii, P. caribaea, P. patula and P. sylvestris [4, 49, 51].
Pinus radiata, P. taeda and P. patula are particularly suscep-
tible [4, 6, 16, 21, 51, 59].

In its native range S. noctilio is not considered an important
pest [14, 49].  However, where it has established in the Southern
Hemisphere it has become a significant pest of exotic Pinus
plantations [6, 16, 21, 25, 26, 29, 31, 39, 43, 59].  Sirex noctilio
was first reported in the Southern Hemisphere in New Zealand
in the early 1900s and has since spread throughout that country,
mainly in P. radiata plantations [43].  In Australia, S. noctilio
was first detected in 1952 in Tasmania, and over the next
50 years slowly spread north [6, 35].  Between 1987 and 1989
over 5 million trees with a royalty value of A$10–12 millions
were killed in a single area in southern Australia [16].  It is now
established in the majority of Pinus plantations (mainly P. radiata)
in south-eastern Australia but has not yet established in north-
eastern New South Wales or been detected in Queensland or
Western Australia [6].  In response to severe losses in Australia,
a Sirex Management Strategy was developed [16], which
includes biological control (see [3]), forest surveillance, quar-
antine and silvicultural methods.

In South America, S. noctilio was first detected in 1980 in
Uruguay, where it spread quickly through the majority of pine
plantations in that country [31].  In 1985, S. noctilio was detected
in north-eastern Argentina [26] most likely entering from Uruguay
[44], and is now established in the majority of commercial pine
plantations in Argentina [24–26].  In 1988, S. noctilio was
detected in southern Brazil and spread to nearby plantations by
1996, and it is currently established in approximately 300 000 ha
of pine plantation in southern Brazil [20, 21].  More recently
S. noctilio was detected in central Chile [48], but has not been
detected in countries further north.

In South Africa, S. noctilio was first detected in 1994 in the
Western Cape [57], and spread slowly east [58], being detected
in the Eastern Cape by 2002 [12, 59] and more recently in KwaZulu-
Natal [59], where it is causing extensive damage in P. patula
plantations (B. Hurley, 2004, unpublished data).  Sirex noctilio
has not yet been detected in the commercial pine plantations in
provinces north of KwaZulu-Natal, nor in countries north of
South Africa where Pinus is grown commercially.

Sirex noctilio has not yet established in North America,
although it is commonly intercepted in wood at ports of entry
in the United States [18, 49].  North America has extensive nat-
ural forests of Pinus species [7], many of which are susceptible to
S. noctilio (e.g., P. radiata, P. taeda, P. elliottii and P. ponderosa).
Therefore, there is great concern over the potential introduction
of S. noctilio into Northern America [15, 62].

China has extensive native pine forests (e.g., P. massoniana
and P. tabulaformis) and plantations of exotic pines (e.g.,

P. sylvestris, P. caribaea, P. taeda, P. elliottii and P. radiata)
[13, 27], which are susceptible to S. noctilio [4, 49].  Sirex noc-
tilio has not been detected in China, although it occurs in neigh-
bouring countries to the north [49].  Assuming that climatic
conditions are suitable, there seems no reason why S. noctilio
should not be established or endemic to China.

Knowledge of the potential distribution and spread of pests
or pathogens into new areas enables forest managers to survey
for introductions and be prepared with management strategies.
Computer programs such as CLIMEX [53, 54] and BIOCLIM
[5] enable one to predict the potential distribution of a species
and have been used to predict the distribution of insect pests
[19, 32, 52, 64], biological control agents [45, 46] and patho-
gens [2, 9].  In this study we use the CLIMEX program to pre-
dict the potential distribution of S. noctilio across the globe
based on climatic requirements estimated from its current dis-
tribution and discuss this in relation to the distribution of sus-
ceptible hosts in the Southern Hemisphere, North America and
China.

2. MATERIALS AND METHODS

2.1. Known distribution of S. noctilio and susceptible 
hosts across the globe

The native distribution of S. noctilio was determined from pub-
lished records [17, 49, 51].  The current distribution of S. noctilio and
its hosts in the Southern Hemisphere was determined from published
records from Australia [6, 35, 37, 60], South America [20, 47, 48, 50]
and South Africa [12, 51, 59].  For North America, the distribution of
susceptible hosts was determined from published records [7].

2.2. CLIMEX prediction of distribution 
of Sirex noctilio

The computer program CLIMEX [54] predicts the potential distri-
bution of a species based on climatic parameters.  A fundamental
assumption of the CLIMEX program is that a species distribution is
determined by climate.  A CLIMEX model for a species can be devel-
oped in two ways.  The first method is to obtain parameter values of
climatic requirements by carrying out experiments (e.g., [46]) or from
literature (e.g., [32]).  The second method is to estimate the parameter
values using climate data in the species’ native range (e.g., [63]).  In
the second method the parameter values are then adjusted iteratively
until the indices for growth and survival at locations within the native
range show high values (i.e., persistence), while the indices at loca-
tions outside of the native range show low values (i.e., extinction).  The
first method is preferred over the second method because, due to com-
petition, natural enemies or lack of suitable hosts, a species may be
absent from locations climatically suitable for establishment.  Model
validation is an essential step in developing CLIMEX models, espe-
cially when the second method is used.

Several studies have investigated the effects of temperature on the
behaviour of S. noctilio (see [28, 34]); however, these studies were
conducted in areas where S. noctilio is an exotic, and where temper-
ature extremes (especially cold) that occur in its native range are not
experienced.  Therefore, we developed a model in CLIMEX that pre-
dicts the distribution of S. noctilio within the known native range (the
second method above).  The precise geographic boundaries of S. noc-
tilio are presently not defined; however, surveys of native pine stands
in northern Africa, Europe and Turkey [51] and an extensive literature
search [17, 49] has provided a detailed list of the distribution records
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of S. noctilio (Fig. 1).  We started with the template parameter values
for organisms in temperate regions in CLIMEX (see [54]) and then
parameters were iteratively adjusted so that the Ecoclimate Index (EI1)
values for most locations within the known distribution range of
S. noctilio in Europe, North Africa and Asia indicate persistence of
S. noctilio (i.e., EI values greater than 30).

Using the model developed above, distribution of S. noctilio in four
states in Australia (New South Wales, South Australia, Tasmania and
Victoria), where S. noctilio is established [6, 35], was predicted.  We
selected locations with pine plantations in these four states that
matched location data in CLIMEX and examined whether S. noctilio
has been recorded there and whether the EI values are high enough
for population persistence (EI greater than 30).  We also checked if
EI values are greater than 30 for all locations with S. noctilio records
in Australia.  Parameter values were then adjusted so that EI values
for locations with a S. noctilio record were greater than 30.  Using the
refined model developed from the Australian data, we predicted the
distribution of S. noctilio in Uruguay, Argentina and southern Brazil,
where S. noctilio is established [20, 26].  Sirex noctilio has probably
reached its maximum distribution in Uruguay and Argentina [20].
Parameter values were again adjusted so that EI values for locations
with a S. noctilio record were greater than 30.  At this stage, we were
able to specify values in parameters such as heat stress and high tem-
perature optimum (Tab. I).  The resultant CLIMEX model was then
used to predict the possible distribution range of S. noctilio in (1) areas
in Australia where this species has not been recorded, (2) Africa and
South America where S. noctilio has recently been introduced and
spreading, and (3) North America and China where S. noctilio is not
known to be established, but its host species are widespread.

3. RESULTS

The CLIMEX model predicted that S. noctilio could colon-
ise eastern Australia (from Queensland through to Tasmania
and South Australia) and south-western Australia (Fig. 2).  The
current distribution of S. noctilio in Australia is within the pre-
dicted range, from south-eastern South Australia through to
Victoria, Tasmania and inland north-eastern New South Wales
(Fig. 2).  The CLIMEX model predicted that S. noctilio could

colonise areas in coastal north-eastern New South Wales, east-
ern Queensland and south-western Western Australia, where S.
noctilio has not yet established and where susceptible hosts are
planted.  

The CLIMEX model predicted that S. noctilio could colon-
ise Uruguay, much of Argentina, eastern Brazil, central and
southern Chile, Paraguay, Bolivia, Peru, Ecuador, Colombia
and Venezuela (Fig. 3).  The current distribution of S. noctilio
in South America is within this predicted range (Fig. 3).  

The CLIMEX model predicted that S. noctilio could colon-
ise most of the countries along eastern Africa, including South
Africa, Zimbabwe, Mozambique, Madagascar, Tanzania, Uganda,

1 EI = Ecoclimate Index: describes the climate suitability of a location for a species as a single number between 1 and 100; the higher the number the
more favourable the location is for permanent occupation of the target species [54].

Figure 1.  CLIMEX model of the distribution of S. noctilio (circles) in the Palaearctic region. The recorded distribution of S. noctilio [17, 49,
51] is bordered by the dashed line.  The size of circles indicates likelihood of survival, and crosses indicate climate stations where S. noctilio
is predicted not to survive.

Figure 2.  Prediction of distribution of S. noctilio (circles) in Australia.
The size of circles indicates likelihood of survival.  The recorded dis-
tribution of S. noctilio [6, 35] is bordered by the dashed line.  Com-
mercial plantations and amenity plantings of susceptible hosts are
located within the shaded area [37, 60].
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Kenya and Ethiopia, as well as countries along the mid-west
coast and northern Africa (Fig. 4).  The current distribution of
S. noctilio in South Africa and northern Africa (Morocco and
Tunisia) is within the predicted range (Fig. 4). 

The CLIMEX model predicted that S. noctilio could colon-
ise the majority of the United States, Canada and Mexico
(Fig. 5).  The model also predicted that S. noctilio would be able
to persist in central Guatemala, Costa Rica and Panama, but not
Salvador (see Figs. 3 and 5).  There is no climate data for Hon-
duras or Nicaragua in the current version of CLIMEX.

The CLIMEX model predicted that S. noctilio could colon-
ise areas from Yunnan Province in south-central China through

to Heilongjiang Province in north-eastern China, with the majority
of Provinces between these with high EI values (Fig. 6).

4. DISCUSSION

In our CLIMEX model, we estimated parameter values for
climatic requirements of S. noctilio from the present distribu-
tion range of the species, rather than laboratory experiments.
Therefore, one needs to be careful about interpreting the pre-
dicted distribution range of S. noctilio.  However, we used all
available information and validated the model twice using the
data from two different continents where S. noctilio had been
introduced.     

Table I. CLIMEX parameter values for S. noctilio1.

CLIMEX parameters Value

Temperature

DVO = lower threshold 0 °C

DV1 = lower optimum limit 5 °C

DV2 = upper optimum limit 24 °C

DV3 = upper threshold 30 °C

Moisture

SMO = lower soil moisture threshold 0.1

SM1 = lower optimum soil moisture 0.3

SM2 = upper optimum soil moisture 1.0

SM3 = upper soil moisture threshold 2.5

Cold stress

TTCS = temperature threshold 0 °C

THCS = stress accumulation rate 0

DTCS = degree-day threshold 0

DHCS = stress accumulation rate 0

Heat stress

TTHS = temperature threshold 35 °C

THHS = stress accumulation rate 0.05

DTHS = degree-day threshold 0

DHHS = stress accumulation rate 0

Dry stress

SMDS = soil moisture dry stress threshold 0.1

HDS = stress accumulation rate 0.01

Wet stress

SMWS = soil moisture wet stress threshold 2.5

HWS = stress accumulation rate 0.002

Hot-dry stress

TTHD = hot-dry temperature threshold 23 °C

MTHD = hot-dry moisture threshold 0.1

PHD = hot-dry stress rate 0.1

Hot-wet stress

TTHW = hot-wet temperature threshold 32 °C

MTHW = hot-wet moisture threshold 1.5

PHW = hot-wet stress rate 0.5

1 See Sutherst et al. [54] for further explanation of parameter terms.
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Figure 3.  Prediction of distribution of S. noctilio
(circles) in South America.  The size of circles indi-
cates likelihood of survival.  The recorded distribu-
tion of S. noctilio ([20, 25], R. Ahumada, 2004,
unpublished data) is bordered by the dashed line.
Commercial plantations and amenity plantings of
susceptible hosts in Uruguay, Argentina, Brazil and
Chile are located within the shaded area [47, 48, 50].

Figure 4.  Prediction of distribution of S. noctilio
(circles) in Africa.  The size of circles indicates like-
lihood of survival.  The recorded distribution of
S. noctilio ([12, 51, 59], B. Hurley, 2004, unpublished
data) is bordered by the dashed line. Commercial
plantations and amenity plantings of susceptible
hosts in South Africa are located within the shaded
area (Mondi Forests, 2004, unpublished data).
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Based on climatic conditions, S. noctilio is predicted to be
able to persist in the majority of areas where commercial Pinus
plantations are grown in Australia, Africa and South America.
Sirex noctilio is already well established on parts of these con-
tinents, and based on historic rates of spread within countries
where S. noctilio is established [6, 10, 20, 39, 59] it is expected
that over the next 10–25 years S. noctilio will colonise pine
plantations currently free of S. noctilio.  However, there are
areas and countries within these continents that are less likely
to be colonised by S. noctilio.

Based on the historic spread of S. noctilio in Australia (30–
40 km per year  [6, 10, 39]), and distribution of susceptible
hosts, plantations in north-eastern New South Wales and south-
eastern Queensland are expected to become colonised within
the next five years.  Currently, quarantine measures restrict the
importation of infested pine logs into Queensland, specifically
aimed at reducing the chance of S. noctilio establishing in that
state.  Plantations in Western Australia are separated from those
in eastern Australia by approximately 2 000 km and thus they
are unlikely to become colonised by natural migration of S. noctilio.

Figure 5.  Prediction of distribution of
S. noctilio (circles) in North America.
The size of circles indicates likelihood of
survival. Native forests of susceptible
hosts (Pinus spp.) are located within the
shaded area [7].

Figure 6.  Prediction of distribution of S.
noctilio (circles) in China.  The size of cir-
cles indicates likelihood of survival.
Commercial plantations, amenity plan-
tings and native forests of susceptible
hosts are located within the shaded area
(Jianghua Sun, 2004, unpublished data).
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The most likely means of colonising these plantations is
human-assisted transport of infested wood.  To prevent this,
quarantine restricts the export of infested logs into Western
Australia from the eastern states.

Sirex noctilio has taken less than 20 years to establish in the
majority of Pinus plantations in Uruguay, Argentina and south-
ern Brazil [20, 25].  All commercial pine plantations in Uruguay
were quickly colonised by S. noctilio once it was first detected
in the country [20, 31].  However, since ‘detection’ does not
necessarily equate to ‘introduction’, the speed of this colonisa-
tion may be overestimated if detection was actually delayed.

In Argentina, S. noctilio is established in the majority of
commercial pine plantations [20, 25, 26].  The bulk of these
plantations are in north-eastern Argentina, with P. elliottii and
P. taeda the main hosts.  However, there are areas in Argentina
where CLIMEX predicted S. noctilio to persist (e.g., the southern
Provinces of Santa Cruz, Tierra del Fuego and Islas Malvinas),
but S. noctilio has not been detected.  There are only a few small
and isolated plantations in these Provinces, which are a long
distance from the main plantations.

In Brazil, the majority of pine plantations (~ 1 060 050 ha)
are in the south of the country, where S. noctilio has already
established [20, 21].  There are also large areas of plantation
(~ 583 080 ha) just north of these, where S. noctilio has not been
detected.  The CLIMEX model predicted the pest could estab-
lish and persist in these plantations.  With the majority of these
planted with susceptible hosts (P. caribaea var. hondurensis,
P. oocarpa, P. kesiya, P. tecunumani, P. taeda and P. elliottii
[8]), the probability of S. noctilio reaching and impacting these
plantations is high.  This is recognised by the forestry sector in
Brazil, with the National Fund for Woodwasp Control created
in 1989 [21], and adoption of the Sirex Management Strategy
as well as Quarantine procedures.  There were several areas in
Brazil, that have moderate areas of Pinus plantation (e.g., Mato
Grosso do Sul (~ 64 000 ha), Amapá (~ 80 000 ha) and Para
(~ 22 000 ha)), that the model did not predict S. noctilio to colonise.

Sirex noctilio has only been reported from P. radiata in
Chile; however, this is the main species for commercial plan-
tations in the country [22].  The Chilean government and forestry
companies are currently attempting to eradicate S. noctilio.
Due to the close proximity of infested stands within Chile and
in neighbouring Argentina, and the high susceptibility of
P. radiata, the chances that S. noctilio will establish in the
majority of commercial plantations in Chile is high.  Chile has
implemented the Sirex Management Strategy to reduce the
impact and spread of S. noctilio in their pine plantations ([1],
R. Ahumada, 2004, unpublished report).  In southern Chile
there are moderate sized plantations of susceptible species [41].
However, there are only a few isolated plantations between
these and infested stands to the north, which are a considerable
distance from the main commercial plantations, so S. noctilio
is unlikely to colonise these southern plantations unless via
human-assisted transport of infested wood.

Sirex noctilio has not been detected in the ~ 5 000 ha of
P. taeda plantations in Paraguay [20], although there are
infested plantations in neighbouring countries (Argentina and
Brazil).  The CLIMEX model predicts that S. noctilio can per-
sist in Paraguay, thus the likelihood of colonisation is high.
There are approximately 67 000 ha of Pinus species in Ecuador,

78 000 ha in Colombia and 690 000 ha in Venezuela, mostly
P. taeda, P. elliottii, P. elliottii × P. caribaea [11].  Sirex noc-
tilio has not been detected in Venezuela, Colombia or Ecuador
(F. Fernandez, 2004, pers. comm.; F. Montonegro, 2004, pers.
comm.), although the model predicted that it may establish in
these countries.  However, these plantations are over 2 000 km
from the nearest infested plantations, thus human-assisted
transport of infested wood is the most likely pathway for intro-
duction.  The Sirex Management Strategy, as well as quarantine
procedures, should be adopted by Paraguay, Ecuador, Colom-
bia and Venezuela.  The continued use of this strategy will
reduce the economic impact, and spread, of S. noctilio in South
America.  There are few Pinus plantations in Peru and Bolivia
[11], but S. noctilio was predicted to be able to survive in these
if introduced.

In Africa, large plantations of Pinus occur from Cape Town
to Northern Province in South Africa, through Zimbabwe, Tanzania,
Uganda and Ethiopia [23, 33, 40, 42].  All of these areas are
predicted to be climatically suitable for S. noctilio.  The main
species planted in these countries are P. patula, P. taeda,
P. radiata and P. elliottii, all known to be susceptible to S. noc-
tilio.  Due to the distance of plantations in Zimbabwe, Tanzania,
Uganda and Ethiopia from plantations in South Africa where
S. noctilio is established, these are likely to be colonised by
S. noctilio only via transport of infested wood.  Effective quar-
antine restrictions of infested logs within and among countries
will reduce the spread of S. noctilio.

The dispersal rate of S. noctilio in south-western South
Africa, of approximately 48 km per year [59], is similar to the
30 to 40 km per year observed in Australia [6, 10, 39].  How-
ever, the recent detection of S. noctilio over 670 km north-east
of the nearest known infestation in South Africa implies that
the wasp was accidentally transported there in untreated poles,
or may be due to a separate introduction into the country.  Alter-
natively, the spread of S. noctilio to new areas may have been
detected years after it was present in those areas, due to lack of
adequate surveillance, thus giving a false perception of the rate
at which S. noctilio had spread.

North America is characterised by extensive native forests
of Pinus species [7], many of which are susceptible to S. noctilio,
and therefore S. noctilio is considered a significant threat to
North America [15, 62].  The CLIMEX model predicted that
S. noctilio would be able to establish in the majority of areas
in North America where susceptible hosts are located.  The
effect of S. noctilio on the native pine forests of North America
could be significant [15].

The CLIMEX model predicted that S. noctilio would be able
to persist in several Central American countries, including
Guatemala and Costa Rica, which both have moderate sized
Pinus plantations [11].  These countries could provide a bridge
for S. noctilio to spread from South America to North America.
However, due to limitations of CLIMEX (no data for several
Central American counties) we were unable to show a complete
bridge that sirex could cross from the infested area in South
America, through Central America, to North America.  Coop-
erative work already exists between the United States and coun-
tries in South America to reduce the risk of introduction of
S. noctilio into United States forests [61], and cooperation with
countries in Central America will enhance this work.
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There are large areas of forests of P. massoniana in the
south-east of China and of Larix gmelinii in the north east, and
P. sylvestris, P. tabulaeformis and Larix is widely planted as
afforestation species in north-eastern China [27]. In southern
China large areas of P. taeda, P. elliottii and P. radiata were
planted in the late 1970s and early 1980s [13, 27]. All these
hosts are susceptible to S. noctilio [4, 49, 51], and many of these
areas are planted within the S. noctilio range predicted by the
CLIMEX model.  Sirex noctilio is native to Siberia and Mon-
golia on the northern border with China.  Thus, it would seem
that the likelihood of invasion by this species into China is very
high.  Indeed, due to the large area of susceptible hosts endemic
to the country and its suitable climate, one would expect S. noc-
tilio to be native to China.  Perhaps a natural barrier is restricting
S. noctilio from crossing from Mongolia into China: the high
elevation Gobi desert with few host trees.  Some suspect that
S. noctilio may already have invaded China, but needs time to
build up its population to be detected (Yuan, 2003, pers.
comm.).  Twelve species of Sirex are already present in China
[66], and some are major pests at a regional level, such as
S. rufiabdominis in Zhejiang [65].  The National Forestry
Administration is initiating a nationwide survey of exotic forest
pests in China from 2004.  Sirex noctilio will be listed as one
of the targeted survey species in north-eastern and south-east-
ern China.

In eastern Australia, southern South America and southern
Africa, where S. noctilio is established, the natural spread into
the majority of remaining plantations in these regions is inev-
itable.  The continued use of the Sirex Management Strategy
[16] will reduce the economic impact of this pest in these coun-
tries.  For countries in South America and Africa that are adja-
cent to infested countries, strict control of movement of lumber
from infested areas (e.g., South Africa) into non-infested areas
(e.g., Zimbabwe north) will need to be implemented to slow the
spread, and therefore economic impact, of S. noctilio.  Similar
quarantine restrictions are in place in Australia to reduce the
spread of sirex into Queensland and Western Australia.  In
countries where S. noctilio is not yet an established pest, effec-
tive training of forestry personnel in pest identification, sur-
veillance and management is essential for early detection and
implementation of the management strategy.  In North Amer-
ica, where S. noctilio is likely to have a significant impact both
economically and ecologically, preventing entry is the best
strategy.  Cooperative work among neighbouring countries will
assist in reducing the spread of this significant pest of Pinus.

Note added in proof

As new information reported after this paper had been accepted: Sirex
noctilio has recently been detected in New York State in eastern USA.
Delimiting surveys have been conducted and a management plan is
being developed by the United States Department of Agriculture
(USDA), Animal and Plant Health Inspection Service (APHIS) and
Plant Protection and Quarantine (PPQ) [accessed online at http://
www.aphis.usda.gov/ppq/ep/emerging_pests/sirexnoctilio.html]. 
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