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ABSTRACT

The pine wood nematode (PWN) Bursaphelenchus xylophilus (Steiner et Buhrer) Nickle (Aphelenchida, Parasita-
phelenchidae), causing the pine wilt disease (PWD), is a quarantine species of Europe that was found in Portugal in
1999. High ambient temperature (above 20° C) is considered to be one of the main factors enhancing the development
of PWD in pine stands. In the early 90s of the last century, Poland was considered a country of low risk of PWN estab-
lishment. The aim of our study was to verify whether this status has changed due to the effects of climate change. We
analysed changes in monthly mean ambient temperatures in June, July and August from 75 weather stations in various
regions of Poland from 2005—-2010. Additional analyses of changes in monthly mean temperatures in July and August
in the period 1991-2010 were performed for the weather station where the highest temperatures were recorded.

Multi-year (2005-2010) average of mean temperatures in June did not exceed 20° C at any of the meteorological
stations. However, in July it was higher than the threshold temperature at 26 meteorological stations located in the
central part of Poland. The highest multi-year average temperatures were recorded at the station in Koto (52° 12’ N,
18° 38’ E). A detailed analysis of July and August temperature changes at this station during the period 1991-2010
revealed increasing trends that were described by polynomial functions. The most substantial increase has been ob-
served since 2001. The mean temperature in July and August over the last decade (2001-2010) has increased by 2.4
and 1.5° C respectively when compared to the previous decade.

It is our conclusion that, although the PWN has not yet been found in Poland, the country should no longer be
regarded as an area of low risk due to the effects of summer temperature increase. Other factors favourable for the
pine wilt disease development and spread were discussed.
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INTRODUCTION a parasitic nematode that develops in the wood of many

coniferous species, but mainly in Pinus spp. (Kiyohara
Pine wilt disease (PWD) is caused by the pine wood and Tokushige 1971; Mamiya 1972). The rapid proli-
nematode (PWN) Bursaphelenchus xylophilus (Steiner feration of the pathogen in a tree results in a disruption
et Buhrer) Nickle (Aphelenchida, Parasitaphelenchidae), of water conductance and eventually causes plant death
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within several days from the time of infection. PWN is
transmitted from infested trees to new hosts by long-
horn beetles Monochamus Dejean spp. (Coleoptera,
Cerambycidae) either during oviposition or maturation
feeding (Mamiya and Enda 1972; Wingfield 1983; Linit
1988, 1990; Sousa et al. 2001; Naves et al. 2007a, b).
PWN is native to North America and was acciden-
tally introduced to Japan in the early 20" century; it
has spread from there throughout other regions of Asia
(Nickle et al. 1981). Although the nematode was placed
on the European list of quarantine species (the EPPO Al
list, currently the A2 list — www.eppo.org), it was found
in Europe (near Lisbon, Portugal) in 1999 (Mota et al.
1999). There is a very high risk that PWN will expand to
new areas within the European continent including Po-
land, where forests are dominated by Scots pine Pinus
sylvestris L., a species that is very susceptible to PWN
(Final report... 2007). Although a number of surveys
have been conducted in the past 15 years, there are no
reports that B. xylophilus occurs in Poland (Brzeski and
Baujard 1997; Filipiak et al. 2007; Karnkowski 2008).
Dieback of pines caused by PWN has been reported
only in regions of North America or Japan that are cha-
racterised by a warm climate (Evans et al. 1996) where
the mean summer ambient temperature exceeds 20° C
(Rutherford and Webster 1987). This is the threshold
temperature beyond which is considered to be detri-
mental for tree growth (Rutherford et al. 1990). Addi-
tionally, the most intensive swarming of the pine sawyer
Monochamus galloprovincialis (Oliv.), the main PWN
vector in Europe, occurs in the summer months. Thus,
high temperature is considered to be one of the main
factors determining the successful invasion and coloni-
sation of a tree by the nematode (Final report... 2007).
This was confirmed in a series of laboratory studies that
were conducted under various temperature conditions.
The mortality of Scots pine seedlings that had been in-
oculated with PWN and were held at temperatures of
20° C and 25° C reached 100% after 60 days, and did
not differ significantly, whereas none of the seedlings
died at a temperature of 15° C (Final report ... 2007).
In the early 90s of the last century, Poland was con-
sidered a country of low risk of PWN establishment, be-
cause mean August temperatures were lower than 20° C
(Evans et al. 1996, ref. to De Guiran and Boulbria 1986).
The aim of our study was to verify whether this status
has changed due to the effects of temperature change.

MATERIAL AND METHODS

Monthly mean ambient temperatures in June, July and
August from 75 weather stations in various regions
of Poland from 2005-2010 (http:/www.tutiempo.net)
were analysed in order to identify areas that would be
most susceptible to the PWN and where maximum tree
mortality would occur if it was to be introduced into
Poland. Spatial distribution of average values for the six
year period were presented as maps using ArcGIS 9.2.
Additional analyses of changes in monthly mean tem-
peratures in July and August in the period 1991-2010
were performed for that weather station where the high-
est temperatures were recorded. The trend in tempera-
ture changes in each of two months was estimated using
a linearized regression model (with Year as the inde-
pendent variable and temperature 7' as the dependent
variable). The years 1991-2010 were transformed to ob-
tain successive years from 1 to 20. Data were analysed
using Statistica 8 software (StatSoft Inc. 2007).

REesuLTs

The spatial distribution of the multi-year (2005-2010)
average temperatures for June, July and August are pre-
sented in Fig. 1. During that period, the average June
temperature did not exceed 20° C at any weather station
and varied from 14.1 to 18.9° C (Fig. 1). July was found
to be the warmest summer month. The multi-year aver-
age of monthly temperature ranged from 15.3 to 21.9° C,
and exceeded 20° C at 26 weather stations and 21° C at
seven stations. Those stations were located mainly in
the central part of the country (Fig. 2). In both months,
the minimum and maximum values were recorded in
Zakopane (in southern Poland, 49° 18’ N, 19° 57" E)
and Koto (in central Poland, 52° 12’ N, 18° 38’ E), re-
spectively. Although August appeared to be the second
warmest month, the differences in temperature among
stations were much smaller than in June and July. The
lowest multi-year (2005-2010) average of monthly mean
temperatures (17.8° C) was recorded in Pita (53° 08’ N,
16° 45 E, and the highest temperature (20° C) occurred
in Inowroctaw (52° 47’ N, 18° 14’ E) and Koto (Fig. 3).

An analysis of the changes in monthly mean tem-
peratures in July during the period 1991-2010 at the
weather station in Koto (the station with the highest
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Fig. 1. Distribution of the multi-year (2005-2010) average of monthly mean temperatures in June based on data from
75 meteorological stations in Poland
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Fig. 2. Distribution of the multi-year (2005-2010) average of monthly mean temperatures in July based on data from
75 meteorological stations in Poland
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Fig. 3. Distribution of the multi-year (2005—2010) average of monthly mean temperatures in August based on data from

75 meteorological stations in Poland
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Fig. 4. Monthly mean ambient temperatures in July and August during the period 1991-2010 at the weather station in Koto

summer temperatures) indicates that since 2001 it has
not fallen below 18° C, and varied from 18.0 to 25.1° C
(Fig. 4). Temperatures above 20° C were recorded in
6 of 10 years. Before 2001, temperatures ranged from
15.8 to 21.9° C and the threshold of 20° C was exceeded
on only 4 occasions. The difference between multi-year
averages of July monthly mean temperatures during

the periods 1991-2000 and 2001-2010 was 2.4° C. The
changes have a significant increasing trend that can be
described by the third degree polynomial function

T =18.34+0.00065 X Year” ]

(R*=041 F=12.49 df = 1,18 P = 0.0024) with “Year”
and “Year?” being insignificant.
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The annual variation in August monthly mean tem-
peratures was not as large as that recorded in July, but
the trend is also increasing

T =18.25+0.00044 X Year® 2]

(R?=0.31, F=8.18, df = 1,18, P = 0.0104).

Very high temperatures of 25.1 and 24.9° C record-
ed in 2009 and 2010 respectively are particularly note-
worthy (Fig. 4). During the last decade, the mean tem-
perature exceeded 20° C on three occasions, whereas
during the previous decade it occurred only once. The
multi-year average of August monthly mean tempera-
tures in 2001-2010 increased by 1.5° C when compared
to the same period in 1991-2000.

DiscussioN

An analysis of data from 75 weather stations indicates
that the central part of Poland is the warmest region
of the country during the summer months. The mean
July and August temperatures in 2005-2010 exceeded
20° C, which is considered to be the temperature thresh-
old favourable for the development of PWN.

Earlier simulations (Evans et al. 1996, ref. to De
Guiran and Boulbria 1986) based on August isotherms
in Europe excluded Poland from the regions where it
was suggested that PWN could establish and spread.
However, the multi-year mean summer temperatures in
2001-2010 have increased considerably in comparison
to the period 1991-2000 (by 2.4° C and 1.5° C in July
and August, respectively, at the weather station in Koto).
This provides evidence that suggests that the climate in
Poland is warming. Summer temperatures in the central
part of the country are sufficient to support pine wilt in
susceptible trees. According to the Hadley Centre tran-
sient climate change experiment (Evans et al. 1996 ref.
to Hadley Centre 1992) and the IPCC report of 2007
(IPCC 2007), both an increase in summer temperatures
and an increased frequency of droughts is predicted for
central and eastern Europe. If these predictions are even
moderately accurate, the entire area of pine forests in
Poland may soon be considered favourable to the estab-
lishment and rapid spread of PWN.

In addition to favourable environmental factors
such as high temperature and low precipitation, poor
site conditions and high tree density, conditions that

increase intraspecies competition, are key factors that
contribute to weakening of trees (Final report... 2007).
Consequently, implementation of appropriate silvicul-
tural treatments (e.g. thinning) will be critical. In addi-
tion, the population density of the pine sawyer, a vector
of PWN, should be managed at a low level. This can
be facilitated by promptly removing trees felled during
silvicultural treatments, and all other woody material
that is considered suitable for breeding of pine sawyer
adults as such as upper portions of crowns, branches
larger than 1,5 cm in diameter, and dead wood already
infested by the pine sawyer. These practices should be
implemented particularly in those regions of Poland
that have been identified as high risk for PWN estab-
lishment.

It is our conclusion that, although the PWN has not
yet been found in Poland, the country should no longer
be regarded as an area of low risk due to the increased
summer temperatures. The potential risk of infestation
based on the distribution of multi-year average tempera-
ture in July can be used to improve national surveys
for the PWN. A stratified sampling design can be im-
plemented and more intensive sampling should be con-
ducted in the central part of the country.
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