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Many decades ago the Netherlands installed a regulation by law, for obliged forest sanitation, to 
prevent outbreaks by bark beetles such as Tomicus piniperda. Felled timber should be removed from 
the forest before a certain date, in order to prevent the built-up of Tomicus populations. However, 
these regulations have negative side effects: they must be respected and supervised which is very 
costly. Another negative aspect is that felling and transports of trees is limited to a certain period. 
We have designed an experiment to estimate the likeliness of Tomicus-damage to young trees when 
populations of beetles are high. During a 5-year experiment we have tried to induce artificially 
infestations by laying felled mature breeding trees close to young pine stands, in order to monitor 
and to quantify the damage to the young trees. The insect infestations were counted on the top-
lateral shoots and the leader top shoots. We did not succeed in raising the populations of T. 
piniperda, and by that, inducing infestations of this beetle in the young stands. However, the young 
trees suffered considerable attacks by Rhyacionia buoliana, and Blastesthia turrionella. These 
infestations, not caused by the breeding trees, could not be regarded as a real economical threat, 
because the main stems of most trees recovered. Considering the results of the experiments and 
the current forest management practices, such as natural forest regeneration, the constraining 
regulations for the Dutch forest management, are not continued anymore. Only if calamities should 
occur, the possibility exists to reactivate the regulations. 
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The Pine shoot beetle, Tomicus piniperda is regarded as a noxious insect for pine trees in Europe, 
northern Africa and Asia. This beetle breeds in the thick bark of trunks that have been felled, 
blown down or have died during the previous six months. The female beetle excavates the mother 
gallery and lays her eggs along both sides. The larvae excavate their tunnels and pupate at the end 
of the gallery. After emerging through the bark, the beetles fly up to the pine crowns in the 
surrounding area, where they bore into and tunnel up the centre of the current year’s shoots. If 
there are strong winds, the shoots drop to the ground while still green. After this maturation 
feeding, the beetles of the new generation will overwinter in the hollow shoots or in short tunnels 
at the base of pine trees until the following spring. The beetles may be already active in February 
or March (Amezaga, 1997; Bakke, 1968). 

The breeding can only succeed in recently dead or almost deceased trees. In general, vital full-
grown trees cannot be killed. However, high populations of this beetle and the subsequent 
maturation feeding can reduce tree growth when the trees loose large numbers of shoots 
(Borkowski, 2001). In contrast with some decades ago, this kind of damage is regarded as no 
longer important and as an integral part of the natural processes. However, from literature it is 
known that also young trees can be attacked. In a 2 m high pine plantation, 61% of the trees were 
attacked in the upper parts (Turcek, 1964). If the leader shoots are attacked and break off, this 
could lead to malformations. When the young trees should form dichotomous trunks, the 
marketable length of the future timber wood is decreased. This can be regarded as an economical 
risk, because of the loss of wood quality and timber prices. 

Many decades ago the Netherlands installed regulations by law, such as obliged forest 
sanitation, to prevent outbreaks by bark beetles such as T. piniperda and Ips typographus. These 
regulations include traditional silvicultural practices, such as forest sanitation by removing felled 
trees from the forest before mid-May, etc. However, these regulations have negative side effects: 
they must be respected and supervised which is very costly, both for the forest manager and for 
law enforcement. Another negative aspect is that the felling of trees and the transport to factories 
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etc. is limited to a certain period. This reduces modern flexible business procedures. Therefore it 
was suggested to freeze these regulations. The Dutch governmental forest organisation Bosschap 
asked us to conduct an experiment to estimate the likeliness of Tomicus-damage at young trees 
when populations of beetles are high.  

In the following experiment we have tried to artificially induce infestations by laying felled 
mature breeding trees close to young pine stands, in the right condition to attract breeding insects, 
in order to measure and monitor the damage to the young trees caused by the next generations of 
beetles. 

MATERIAL AND METHODS 

Location and plots 
In the pine forest area ‘Boksenberg’ near Someren, in each of 13 plots, a mature pine stand was 
situated adjacent to a young pine stand (Fig. 1). So each plot was divided in a mature and a young 
stand. The age of the mature stands varied from 48-68 years, that of the young stands from 9-10 
years. Nine of these plots were treated with 5 mature felled trees. These trees were laid along the 
forest roads in-between the young and the mature stands to serve as breeding trees. This was done 
each year from 1995-2000. During the years 1997-2000, besides the 5 logs, another extra 1.5 m3 of 
logs were deposited. These logs were felled each December to get suitable breeding trees. The 
purpose of these breeding trees was to raise the beetle population and by this to induce a local 
outbreak, in order to study infestations in the young trees. The remaining 4 plots served as 
untreated control plots. In each of the 13 young pine plots, experimental fields of 50 x 50 m were 
measured out for the quantification of infestations. 

Estimating beetle populations 
A fair method to estimate population densities, is to count the number of the beetles’ exit holes in 
the breeding trees. However, this method is very labour intensive and too expensive. Counting the 
number of fallen shoots, due to the pruning by the beetles, also gives a fair estimation of the 
relative population densities (Doom & Luitjes, 1971).  
 
 

 

 
Figure 1. Example of an experimental plot, with five mature felled trees along a forest road in between a 
mature pine stand and an adjacent young pine stand. 
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Table 1. The mean number of fallen shoots in the mature pine stands per m2 from 1996-2000. 

Treatment Dec. 96 Apr. 97 Dec. 97 Apr. 98 Dec. 98 Apr. 99 Dec. 99 Apr. 00 Mean 
Treated plots 0.6 1.4 0.3 0.3 1.0 0.5 0.6 0.6 0.7 
(n=9) 
Untreated plots 0.6 1.3 0.2 0.2 0.7 0.5 0.5 0.5 0.5 
(n=4) 

 
 

Table 2. Infestations of top-lateral shoots in young pine stands. 

year treatment total number  T. piniperda  R. buoliana  B. turrionella  infestation 
  top-lateral (%) (%) (%) unknown (%) 
  shoots 
1996 treated 7.403 0  1.9 1.0 3.1 
 untreated 2.603 0  6.0 4.5 1.8 
1997 treated 8.931 0  1.5 7.9 1.7 
 untreated 3.369 0  2.5 7.0 0.3 
1998 treated 11.817 0  0 0.6 0.4 
 untreated 4.691 0  0 2.0 2.0 
1999 treated 10.168 0  0.1 0.2 0.3 
 untreated 4.436 0  0.3 1.3 0.5 

 
 

Table 3. Total infestations of top shoots, in the young pine stands, by both R. buoliana and B. turrionella. 

year treatment total number % infested  s.d. 
  leader top leader top  
  shoots  shoots 
1997 treated 1399 6.9 2.7 
 untreated 543 7.1 1.8 
1998 treated 1418 2.8 1.7 
 untreated 578 2.1 2.2 
1999 treated 1359 3.4 0.8 
 untreated 588 3.7 1.3 
2000 treated 1379 3.4 1.5 
 untreated 560 3.4 2.2 

 
 
The fallen shoots were counted each year, both in April and in December, in 15 random 

permanent square meters, in each of the 13 corresponding plots in the mature stands. The first 
counting was carried out at the start of the experiment in December 1996, the last in April 2000.  

Quantification of damage at young trees 
In each of the 13 young pine plots, every year in July-August, a total of about 175 trees in 5 
random rows was observed for infestations. Besides infestations by the Pine shoot beetle, T. 
piniperda, the trees may also suffer attacks by Pine shoot moth, Rhyacionia buoliana, and the Pine 
bud moth, Blastesthia turrionella. The infestations of these insects were determined by the 
external symptoms of their specific damage. These infestations were counted, as a total for both 
insects, for the top-lateral shoots and the leader top shoots. At the end of the 5-year experiment the 
global quality of the young stands were briefly evaluated by the forest manager.  

RESULTS 

Estimating beetle populations 
The relative beetle populations were estimated by counting the fallen shoots in April and 
December. The results in Table 1 show that in April 1997, an increase in the amount of fallen 
shoots is observed for the treated as well the untreated plots. This increase is most likely due to 
high wind speeds and not to the beetles’ activity. In 1999 and 2000, the mean numbers of shoots 
were of the same level as at the start of the experiment in 1996. It is concluded that the use of 
breeding stems did not result in inducing higher beetle populations in the treated plots. 
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Quantification of damage at young trees 
The insect infestations were counted for the top-lateral shoots (Table 2) and the leader top shoots 
(Table 3). From Table 2 it can be concluded that infestations by T. piniperda were not observed at 
all, while R. buoliana and B. turrionella caused a considerable number of infestations in 1996 and 
1997, often more in the untreated stands. Table 3 shows only low variations in the percentages of 
infested shoots in both the treated and untreated trees. These variations are not significant. The 
infestations of the leader top shoots were not caused by T. piniperda but by R. buoliana, and B. 
turrionella (see Table 2). At the end of the 5-year experiment, the quality of the young stands was 
estimated globally. The mean height varied from about 6-7 m and the trees scored from average to 
good form quality. Despite the heavy infestations by R. buoliana in 1997, the trees have recovered 
with a good tree shape. 

DISCUSSION 
In the Netherlands, high beetle populations have been reported after storms when breeding 
material such as pine logging slash has been abundant. On some locations averages of 15 - 56 
fallen shoots per m2 were counted during high infestations (Doom & Luitjes, 1971). However, in 
normal situations in sanitary managed forests, the average of fallen shoots is less then 1 shoot per 
m2 (Nilsson, 1974; Michalski & Witkowski, 1962; Långström & Hellqvist, 1990). During our 5-
year experiment, we did not succeed in raising the beetle populations. It was therefore not possible 
to induce any infestations in the young trees. From literature it is known that the beetles are 
capable to infest young trees. However, this happens only in the cases that large amounts of felled 
mature trees are stored in the vicinity of young pine stands for a long time (Hanson, 1937; Turcek, 
1964). 

Apparently really large quantities of stored trunks or storm-felled wood are necessary to 
increase the beetle populations. Because blue staining by fungi of the wood can occur rapidly, the 
wood is sold and removed quickly to avoid a low quality, which results in lower prices of the 
wood. This is a commercial stimulus that will result in low population densities of the beetle. 

We did not succeed in raising the populations of T. piniperda, and by that, inducing 
infestations of this beetle in the young stands. However, the young trees suffered attacks by R. 
buoliana, and B. turrionella. These infestations could not be regarded as a real economical threat, 
because the main stems of most trees recovered.  

Considering the results of the experiments, the today’s diversified forest composition, the 
small-sized forests, and the current forest management practices (natural forest regeneration), it 
cannot be justified to keep imposing the constraining regulations for the Dutch forest management. 
It is recommended to avoid large wood yards during a long period in the vicinity of pine stands. 
However, this situation is unlikely to happen because of the economic necessity to remove the 
felled stems as quickly as possible to avoid an unwanted blue staining. Only if calamities should 
occur, the possibility should still exist to reactivate these regulations again. 
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