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        Introduction 

 Since the 1990s, high mortality rates of Scots pine ( Pinus 
 sylvestris  L.) have been observed in central Valais, the dry inner 
Alpine Rhone valley in South-western Switzerland. In a previ-
ous similar incidence in the late 1970s, pine decline could be 
partly attributed to fluorine air pollution originating from the 
nearby, upwind aluminium plants ( Flühler  et al. , 1981 ). The 
current wave of pine decline obviously has different causes 

because filters have been installed in the aluminium plants. 
Moreover, a similar phenomenon is apparent in other regions in 
Valais, as well as in other dry valleys in the Central Alps in 
Austria and Italy ( Vertui & Tagliaferro, 1998 ;  Rigling  et al. , 
1999 ). 

 A research programme was started in 2001 to elucidate the 
various aspects of the pine decline in the Valais ( Rigling  et al. , 
2006 ). The projects addressed various issues such as the influ-
ence of temperature and drought ( Dobbertin  et al. , 2005 ; Bigler 
 et al. , 2006;  Eilmann  et al. , 2006 ), genetic variation of the trees 
( Fournier  et al. , 2006 ), tree competition ( Weber  et al. , 2005 ), 
silvicultural history ( Gimmi & Bürgi, 2007 ), mistletoe 
( Dobbertin & Rigling, 2006 ), fungi, nematodes ( Polomski  et al. , 
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2006 ), and insects ( Wermelinger  et al. , 2006 ; Dobbertin  et al. , 
2007). 

 Regarding climate, central Valais experiences an annual pre-
cipitation of 500 – 1000 mm and is the driest region in Switzerland. 
While no significant change in the rainfall pattern during the 
past 100 years has been observed in this region ( Rebetez & 
Dobbertin, 2004 ), temperatures have clearly increased ( Begert 
 et al. , 2005 ) with more days with a mean temperature >20 °C 
during the past 25 years ( Rebetez & Dobbertin, 2004 ). Higher 
temperatures have been shown to result in an elevated drought 
stress under these climatic conditions ( Zweifel  et al. , 2007 ). 
This reduces the vigour of the trees, increases their susceptibil-
ity to insect attack ( Mattson & Haack, 1987 ; Rouault  et al. , 
2006) and enhances the survival of bark living insects ( Caldeira 
 et al. , 2002 ). At the same time, higher temperatures induce the 
insects to develop faster and to reproduce more successfully, 
which leads to an increase in their infestation pressure (e.g. 
 Wermelinger & Seifert, 1999; Bale  et al. , 2002; Gan, 2004 ). 
Given the pronounced climate change in Switzerland (cf.  Fuhrer 
 et al. , 2006 ), the question arises as to the role of insects in the 
current pine decline observed in many dry Alpine valleys. 
Reports of insect-related pine mortality in Valais have increased 
( Dobbertin  et al. , 2007 ), but the spatial pattern of pine mortality 
does not include typical bark beetle infestation spots. Many dy-
ing pine trees have apparently experienced no insect attack. 
Thus, it remains unclear to what extent insects are the cause of 
the pine decline or whether they are just a consequence of re-
duced tree vigour. 

 Forest decline is generally attributed to complex interactions 
among biotic and abiotic stresses ( Erbilgin & Raffa, 2002 ). One 
forest decline model, which we refer to as the Manion concept, 
distinguishes between predisposing, inciting and contributing 
factors ( Manion, 1981 ). The predisposing factors are usually 
long-term influences such as climatic stress, while insects may 
be attributed to the short-term inciting factors or to the long-
term contributing factors, depending on the  aggressiveness  of 
the species involved. While the resistance of trees has been ac-
knowledged for a long time to be a crucial factor for the success 
or failure of bark beetle attack ( Berryman, 1989; Wagner  et al. , 
2002 ), less is known about the  vigour threshold  below which 
insects are able to overcome the resistance of a tree. Furthermore, 
the assessment of the impact of climate change on phloeopha-
gous species has hardly started. The present study therefore 
aims first to investigate the role of insects developing in the bark 
and wood of pine trees with various levels of needle loss as a 
surrogate for tree vigour (cf. Discussion). Second, we relate the 
infestation dynamics to climatic variables such as temperature 
and the resulting drought stress.  

  Material and methods 

 Two locations in the Swiss Rhone valley (Canton Valais) were 
selected for the investigations. One stand was at Stalden (Swiss 
coordinates 634100/121200), situated along the western slope 
of a tributary valley of the main Rhone Valley with a 50% in-
cline and an elevation of 900 m a.s.l. This stand consisted mainly 
of 50- to 170-year-old Scots pines with a yearly mortality rate of 

about 1.4% during the past 4 years, mixed with some scattered 
broadleaves such as birch ( Betula pendula  Roth) and downy oak 
( Quercus pubescens  Willd.). Within this forest, an area of 
roughly 1.2 ha was selected in which some 250 dominant and 
co-dominant pine trees were marked and numbered. The second 
stand was located at Salgesch (611000/130200), on the southern 
slope of the Rhone Valley at 900 m a.s.l. and with a 50% incline. 
It was composed of 80- to 180-year-old Scots pines, again 
mixed with some scattered broadleaves, and with fewer dead 
trees than at Stalden but with higher mortality rates (3.6%) dur-
ing the 4 years under study. In this forest, an area of roughly 
1 ha was selected and again 250 dominant and co-dominant pine 
trees within this area were marked. The two locations were 
approx. 25 km apart from each other. 

 The crown transparency (=needle loss) of the 500 marked trees 
was first assessed in winter 2001 according to standardised criteria 
used in the International Co-operative Programme on Assessment 
and Monitoring of Air Pollution Effects on Forests (ICP Forests) 
( Eichhorn  et al. , 2006 ). The transparency was visually assessed by 
experts twice a year using standard reference photographs ( Müller 
& Stierlin, 1990 ), that is in December/January and in April/May, 
with a precision of 5%. Here, 0% needle loss means a fully foliated 
tree, 100% means a dead tree without needles. As the project pro-
ceeded, increasingly more information became available about the 
needle loss history of each single tree. The transparency values 
were assigned to five classes (different from the ICP-classes): 
healthy (0 – 20%), slightly weakened (25 – 40%), moderately weak-
ened (45 – 60%), greatly weakened (65 – 80%), and moribund (85 –
 100%). After each assessment, trees from the last four classes 
were randomly selected for felling. 

 Between 2001 and 2005, eight samplings of pines were con-
ducted. Each year one sampling was carried out in February and 
another in May (May only in 2001, February only in 2005), to 
catch all bark and wood insect species regardless of their life 
cycle. Every year, 34 – 46 trees 12 – 45 cm in diameter at breast 
height were cut or uprooted (approximately 40% of all marked 
trees). From each tree, two 75- cm sections from the trunk and 
two thick sections of branches of the same length were cut and 
transferred to the laboratory. After measuring their exact length 
and diameter, all parts of each tree were placed in photo-
 eclectors (emergence traps) situated in a greenhouse with ambi-
ent temperature. The photo-eclectors consisted of metal cabinets, 
with a tube at the bottom and another at the top leading into 
transparent plastic box traps (eclector boxes). The two tubes 
 ensured sufficient air circulation to prevent fungal growth. The 
traps were filled with water containing a biocidal agent (  Dodigen 
226, Clariant, Huerth, Germany). Upon emerging in the dark 
cabinets, the phototactic insects headed for the daylight coming 
in from the eclector boxes and became trapped inside the boxes. 
The tree parts were kept in the eclectors until the end of the year 
and then replaced by logs from the next harvest. In total, 209 
tree samples were incubated during the 5 years under study. 
Their distribution among needle loss classes is indicated in 
   Table   1 . Depending on temperatures in the greenhouse, the logs 
were sprayed with  water to prevent too severe desiccation. The 
eclector boxes were emptied at regular intervals. The trapped 
insects were first sorted according to given taxonomic levels 
and subsequently identified by specialists to the species level. 



 The role of insects in pine decline     241 

© 2008 The Authors
Journal compilation © 2008 The Royal Entomological Society, Ecological Entomology, 33, 239–249

 In this paper, the taxa with xylophagous feeding behaviour 
and potential pest status were analysed, that is Anobiidae 
(anobiid beetles), Buprestidae (jewel beetles), Cerambycidae 
(longhorned beetles), Curculionidae (weevils), Scolytinae [bark 
beetles; traditionally the family Scolytidae, now a subfamily of 
Curculionidae ( Marvaldi & Morrone, 2000 )], and Siricidae 
(wood wasps). The most frequent key species making up more 
than 60% of all individuals within each family were analysed in 
more detail. The number of emerged individuals was expressed 
as density, that is the number of individuals per m 2  bark surface 
of the infested tree parts. For statistical analysis, the insect den-
sities were log-transformed and subjected to an  anova  with a 
Scheffé  post hoc  test (DataDesk ® ). 

 The host tree condition (expressed as the level of needle loss) 
preferred by the key species was identified as the crown trans-
parency level at the time of attack. From the literature, the pre-
sumed developmental time (from egg to adult emergence) of 
each species under the climatic conditions in Valais was assessed 
as: 0.5 year for  Ips acuminatus ,  Orthotomicus longicollis , and 
 Tomicus minor , 1 year for  Ernobius mollis ,  Phaenops cyanea , 
 Acanthocinus aedilis , and  Pissodes piniphilus , 1 or 2 years for 
 Sirex noctilio  (cf. Results).  Tomicus minor  is actually a mono-
voltine species, but it emerges in the summer after oviposition in 
spring and therefore has a developmental time of 0.5 years. 
It then performs maturation feeding and overwinters in the shoots 
or the litter. Subsequently, for each species, the transparency of 
each tree at the time of attack was defined based on each insect’s 
developmental time and the transparency history of each tree. 
For trees harvested at the very beginning of the investigation, the 
previous transparency history was, of course, not available. 

 The drought index used in        Fig.   7  was computed as the differ-
ence between the monthly precipitation and the potential eva-
potranspiration ( Thornthwaite, 1948 ). The heat sum represents 
accumulated day-degrees >0 °C (sum of daily temperature 
means).  

  Results 

 A total of 5742 individuals of the xylophagous families under 
study (cf.  Table   1 ) emerged from trees of all classes of needle 
loss. From the 209 trees sampled, 97 trees were uncolonised. 
There were insect-free pines in all crown transparency classes 
(   Fig.   1a ; for the naming of the classes, see Methods), but with a 
trend for the infestation rates to be higher on trees with elevated 
needle loss. Even among the moribund trees, almost 20% 
showed no insect infestation. The two locations revealed no 
marked or consistent difference. 

 A much more distinct pattern was, however, observed with 
insect densities in attacked trees ( Fig.   1b ). Significantly more 
insects emerged from greatly weakened and moribund trees 
than from less affected trees. No significant differences were 
found between greatly weakened and moribund trees, although 
at Salgesch infestation clearly peaked in trees with 65 – 80% 
needle loss. The large variation in this transparency class was 
because of two trees with an extremely high infestation by 
 T. minor  and partly  I. acuminatus . The insect densities at 
the two locations did not differ significantly. Exactly the same 
distribution among classes was obtained when insect density 
was related to the bark surface of all sampled trees (including 
uninfested ones) instead of infested trees only (data not 
shown). 

 The key species (cf. Methods) in each family were investi-
gated in more detail. In order to assess the preferred range of 
host tree needle loss of each insect species, that is its aggressive-
ness, the needle loss of each tree at the time of attack was plot-
ted against resulting insect emergence (offspring production; 
   Fig.   2 ). The anobiid  E. mollis  appeared to colonise trees with a 
wide range of needle loss levels except the moribund ones. 
As this species develops in the outer dead bark layers rather than 
in the living phloem, the physiological condition of the host 
seems to be largely irrelevant for colonisation. Infestation of a 

     Table 1.     Emergence of the most abundant bark- and wood-feeding insects from trees with four levels of needle loss (as at harvest) at the two locations, 
Salgesch and Stalden.     

  Salgesch Stalden

Total  Needle loss: 25 – 40% 45 – 60% 65 – 80% 85 – 100% 25 – 40% 45 – 60% 65 – 80% 85 – 100%    

Number of sampled trees 34 30 14 26 33 40 11 21 209  
Anobiidae 2 2 5 72 48 37 11 18 195  
    Ernobius mollis  (L.) 1 5 72 35 11 11 10 145  
Buprestidae  —  — 15 155  —  —  — 67 237  
    Phaenops cyanea  F.  —  — 14 153  —  —  — 67 234  
Cerambycidae  — 4 35 58  — 2 4 24 127  
    Acanthocinus aedilis  (L.)  —  — 35 25  — 1 4 15 80  
Curculionidae 6 12 50 182 7 16 9 52 334  
    Pissodes piniphilus  Hrbst.  —  — 49 130  —  — 1 35 215  
Scolytinae (Curcul.) 13 20 2092 1161 144 59 550 490 4529  
    Ips acuminatus  (Gyll.) 2  — 977 86 42  —  — 14 1121  
    Orthotomicus longicollis  (Gyll.)  —  — 100 198 1  — 65 137 501  
    Tomicus minor  (Hartig) 1 16 842 323 34 7 473 226 1922  
Siricidae  —  — 37 68  —  —  — 215 320  
    Sirex noctilio  F.  —  — 37 68  —  —  — 215 320  
Total insects 21 38 2234 1696 199 114 574 866 5742  
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 Tomicus  emergence. On the other hand, peak emergence was 
found in greatly weakened trees where offspring production was 
extremely high. The congener  Tomicus piniperda , with a very 
similar biology, was 10 times less abundant than  T. minor . 

 The bark beetle  I. acuminatus  appeared to have the same in-
festation range as  T. minor , although it produced its maximum 
offspring in one tree with only 30% needle loss. Likewise, the 
buprestid  P. cyanea  started colonising only moderately weak-
ened trees with needle losses well below 50%. At the same time, 
this buprestid was able to breed in an extremely wide range of 
tree conditions with needle losses between 30 and 100%. 

 In an attempt to rank the species according to their aggres-
siveness, that is their ability to successfully attack trees of dif-
ferent susceptibility levels, they were grouped in three categories 
(shading in  Fig.   2 ). Three species were assigned a  non-
aggressive  behaviour:  E. mollis , which feeds in the dead bark 
and therefore does not affect tree vigour, and the cerambycid 
 A. aedilis  and the bark beetle  O. longicollis , which feed only 
on greatly weakened or moribund trees. The wood wasp  S. 
noctilio , the weevil  P. piniphilus , and the bark beetle  T. minor , 
which generally attack hosts with 50% or more needle loss, 
were classified as  moderately aggressive . The most  aggressive  
species were the bark beetle  I. acuminatus  and the buprestid 
 P. cyanea . Both species also infested trees with less than 50% 
needle loss. 

 The theoretical colonisation sequence of a model tree is de-
picted in    Fig.   3 . It shows insect colonisation as the declining tree 
suffers from increasing loss of needles. As  E. mollis  did not ex-
hibit a distinct preference for crown transparencies ( Fig.   3 ), it is 
not included. The curves represent the proportions of total off-
spring production that accumulated up until the death of the tree 
(100% needle loss). To compare the aggressiveness of the dif-
ferent species, it is convenient to consider given infestation thre-
sholds, for example 25 and 50% (horizontal dashed lines). For 
example, the intercept of the 50% threshold with the colonisa-
tion curves indicates the degree of needle loss at which 50% of 
the final colonisation is reached. In agreement with the previous 
findings,  I. acuminatus  was the first bark beetle to reach this 
threshold ( Fig.   3a ) and  P. cyanea  the first other insect species 
( Fig.   3b ). This characteristic was even more pronounced at the 
25% infestation threshold.  Ips acuminatus  reached it already in 
trees with less than 30% needle loss, which is a much lower 
level of needle loss than that of the other bark beetles ( Fig.   3a ). 
The second species to reach this threshold was  P. cyanea 
 ( Fig.   3b ), again confirming the earlier assessment of this species 
( Fig.   2 ). 

 For xylophagous insects, the rate (velocity) of deterioration 
of the physiological status of a host tree, rather than the absolute 
levels of needle loss, might be crucial. For this reason, offspring 
production was plotted against the difference between the crown 
transparency level of a given tree at the time of attack and that 
half a year previously (   Fig.   4 ). This means that, if this difference 
is a positive number, transparency increased during the half year 
before attack. It is negative if transparency decreased, that is, if 
tree needle production increased before attack (recovery). The 
response of the most important insect species to transparency 
change is depicted in  Fig.   4 . All of them preferred trees that re-
cently lost needles or showed no change at all. As an exception, 

      

     Fig.   1.     (a) Infestation rates of the sampled trees ( n  = 209) by xy-
lophagous insects (Anobiidae, Buprestidae, Cerambycidae, Curcu-
lionidae, Scolytinae, Siricidae) at the two locations, Salgesch and 
Stalden; (b) colonisation density (mean  ±  SE) of the infested trees 
with four levels of needle loss; columns with different letters differ 
signifi cantly ( P  < 0.05).     

tree with  E. mollis  does not affect tree vigour. The cerambycid 
 A. aedilis  showed a clearly defined preference: Only greatly 
weakened hosts with needle losses between 70 and 85% were 
colonised. An almost identical preference pattern was found for 
the bark beetle  O. longicollis , which also attacked greatly weak-
ened trees almost exclusively. 

 The only non-coleopteran species relevant in this context is 
the hymenopteran wood wasp  S. noctilio . According to the liter-
ature, this species has a generation time of 1 – 3 years. Because 
in our situation generation time is most likely 2 years or at best 
1 year ( Eichhorn, 1982 ), the offspring density is presented for 
both cases ( Fig.   2 ). Possibly both generation times occur at the 
same time, depending on the host quality.  S. noctilio  also attacks 
trees with little more than 50% needle loss, but preferably colo-
nises heavily defoliated trees. 

 The weevil  P. piniphilus  tunnels in the phloem and pupates in 
the wood surface ( Day  et al. , 2004 ). It was found to infest only 
moderately and greatly weakened hosts, reaching its highest re-
production rate at 70 – 80% needle loss. An even wider range of 
host crown transparency was found for the bark beetle  T. minor . 
While most of the attacked trees suffered from a needle loss of 
50% and more, one tree with only 30% showed a fair amount of 
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     Fig.   2.     Offspring production per m 2  bark surface of the key insect species in trees with different levels of needle loss at the time of attack.  Sirex : 
assumed generation time =1 year (open circles) or 2 years (black dots). The background shading identifi es different levels of insect aggressiveness in 
tree colonisation: white = non-aggressive, light grey = moderately aggressive, dark grey = aggressive.   
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one tree suffering from a very high  P. cyanea  infestation had im-
proved its needle density by 15% before colonisation. An in-
crease in needle density (decrease in crown transparency) may 
be attributed to two possible causes: either (i) an assessment er-
ror of at least 10% in one of the two assessments that occurred 
( Dobbertin  et al. , 1997 ), or (ii) the increase in needle density is 
the result of the formation of a significant number of new nee-
dles. As the assessment experts have frequent training courses 
and their measurements are regularly calibrated, an increase in 
needle density of this order of magnitude is more likely to be the 
result of an improvement in the tree condition than of measure-
ment error. 

 The other insect species showed heterogeneous patterns (data 
not shown). The beetles  A. aedilis ,  E. mollis , and  P. piniphilus 
 were present in trees irrespective of their change in transparency, 
while  O. longicollis  preferably attacked trees that had deterio-
rated. For the wasp  S. noctilio  only two data points were available. 
An extremely high offspring production was found in one tree 
that had increased needle loss from 45 to 80% during the half 
year before the attack. The majority of all the trees investigated 
did not change in transparency 1 year before they were cut. 

 Although the two species  I. acuminatus  and  P. cyanea  turned 
out to be the most aggressive insects, they did not attack all of 
the weakened trees (   Fig.   5 ). The colonisation rate strongly 

 depended on the level of needle loss, and in moribund trees 
they were found in at most 40% ( Phaenops ) and 27% ( Ips ) of 
all pines. Only one single tree was attacked by both species. 
About 15 – 20% of the trees of the highest transparency class 
were not colonised by either species under study (cf.  Fig.   1a ). 

 Almost half of all trees were colonised by just one of the 
eight key species. In 25% of the trees only  E. mollis  was present. 
At the other end of the scale, only 6 out of the 64 trees infested 
by key species were colonised by as many as five or six species 
(data not shown). The number of species colonising trees 
with different crown transparency levels confirms the general 
infestation pattern: moderately and greatly weakened trees 

      

     Fig.   3.     Infestation dynamics (cumulative proportions of insect densi-
ties) during the gradual decline of a model tree. (a) bark beetles, 
(b) other insects.   

      

     Fig.   4.     Emergence of the bark beetles  I. acuminatus  and  T. minor , as 
well as of the buprestid  P. cyanea , from host trees with different changes 
in crown transparency (needle loss) half a year before attack. Positive 
x-values indicate an increase in transparency, negative values a decrease 
in transparency, that is an increase in needle density.   
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(25 – 70% needle loss) supported one to three insect species, 
whereas in trees with more than 75% needle loss up to six 
 species were found (   Fig.   6 ). An analysis of the species involved 
in trees colonised by  n  = 1 … 6 concurrent species did not reveal 
obvious patterns (data not shown). The most conspicuous spe-
cies was  E. mollis , which was present in many trees with only 
one or two insect species but was missing in most trees with 
four to six species. It therefore did not appear to be very com-
petitive. Similarly,  P. cyanea  colonised trees mostly as  single 
species or concurrently with only one or two other species. This 
pattern, however, is brought about by the fact that this buprestid 
is a pioneer in  attacking weakened trees. In high densities, how-
ever, it mostly kills them quickly, thus eliminating them as hosts 
for other species that favour severely weakened trees. 

 The key insect species showed different patterns in their tem-
poral infestation dynamics. The buprestid  P. cyanea  is one of the 
most important insects and showed a marked increase in the last 
2 years of the investigation. Especially in the year 2003, the 
 infestation density was significantly ( P  < 0.05) higher than in 
the previous years. This can be attributed to the exceptional 
weather conditions in this year. The two curves superimposed 
on the densities in  Fig.   7  represent drought and temperature. 
The drought index (water deficit, solid line) is a measure of the 
drought stress experienced by the tree. There was an elevated 
drought stress in 2000 and 2003. In 2003 this clearly coincided 
with a high infestation density. The infestation in 2000 was rela-
tively low despite the high drought index, probably because: (i) 
the initial populations of  P. cyanea  were low, and (ii) their den-
sity may have been underestimated because the first tree harvest 
during this study was in May 2000, at a phenological time when 
most  Phaenops  had already left the trees. In the subsequent 
years, they emerged primarily from trees cut in February rather 
than from those cut in May. This signifies that most adults 
emerge and oviposit before May under the local conditions in 
the Valais region. 

 While the drought index is an important qualifier of tree sus-
ceptibility to insect attack, the temperature is positively corre-
lated with successful insect development and reproduction 
( Wermelinger & Seifert, 1999 ). In  Fig.   7 , the dashed line repre-
sents the heat sum accumulated during adult oviposition and 
 larval development, that is from May to October. The heat sum 
peaked in 2003 coinciding with the highest  P. cyanea  densities.  

  Discussion 

 Insects rely on host plants with different levels of vigour and nu-
tritional states for oviposition and development. While the nutri-
tional condition can be defined and quantified quite easily,  vigour 
 is more difficult to assess. Needle loss (crown transparency) is 
widely used as a surrogate estimator in assessing tree health 
( Dobbertin, 2005 ). The level of transparency has previously been 

          Fig.   5.     Proportion of pine trees infested by 
 Ips acuminatus  and  Phaenops cyanea  with 
different levels of needle loss.  

      

     Fig. 6.     Number of colonising species (from a total of eight key species) 
in pine trees with different levels of needle loss.   
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found to correlate directly with tree mortality ( Dobbertin & 
Brang, 2001; Dobbertin & Rigling, 2006 ). It has also been re-
lated to tree growth ( Dobbertin, 2005 ), which in turn correlates 
with tree mortality (Bigler  et al. , 2006). Assuming that mortality 
depends on tree vigour, these findings suggest that needle loss is 
a valid measure of a tree’s vigour. 

 The quality of this measure is additionally supported by the 
colonisation behaviour of some of the subcortical insects un-
der study. For example,  Acanthocinus  or  Orthotomicus  colo-
nised trees within a very narrow range of needle loss. This 
indicates that these trees clearly shared some common physio-
logical properties that differed from those of other trees. These 
properties most probably represent a certain host condition, 
that is susceptibility or vigour. The attack by  Tomicus species 
 could reportedly not be correlated with most other tree vigour 
estimators, such as morphological characteristics (tree and 
growth parameters, vigour index;  Waring & Pitman, 1980; 
Långström & Hellqvist, 1993 ) or biochemical compounds 
(resin, hydrocarbons, phenolics;  Annila  et al. , 1999 ). In our 
study, however, crown transparency showed a relatively dis-
tinct maximum of successful  Tomicus  colonization at around 
80% needle loss. 

 An open question is how effective the defence capabilities of 
trees with different degrees of needle loss are against attacking 
insects. It is well known that trees possess preformed (constitu-
tive) as well as induced defence mechanisms (e.g.  Mattson 
 et al. , 1988 ;  Larsson, 2002; Lieutier, 2002 ). Conifers can deter 
insect attack by releasing resin from preformed resin ducts, 
which is then followed by  de novo  resin formation induced by 
the attack ( Lieutier, 2002 ). While a mild stress may increase a 
plant’s resistance ( Lorio, 1988; Dunn & Lorio, 1993 ), trees with 
more than 50% needle loss obviously suffer from a severe stress. 
Severely defoliated pines were shown to have reduced resin 
flow (Annila  et al. , 1999), but how various levels of needle loss 
affect in detail the constitutive and induced defence mechanisms 
of a tree is largely unknown ( Lieutier, 2004 ). 

 Among the species investigated,  P. cyanea  and  I. acuminatus 
 seem to have the most aggressive role in pine decline. Both are 
known to increase their populations after heat and drought peri-
ods ( Markalas, 1992; Kailidis & Markalas, 2005 ). The bark 
beetle  I. acuminatus  is reported to be economically relevant 
( Grégoire & Evans, 2004 ), but in our study most trees infested 
by this species were found to be moderately to greatly weak-
ened (60 – 80% needle loss). Moreover, the emergence densities 
of up to 35 individuals per m 2  were well below the attack densi-
ties of 850 m  – 2  reported to be lethal for Scots pine ( Guérard 
 et al. , 2000 ). This bark beetle species apparently does not react 
to tree volatiles ( Brattli  et al. , 1998 ), but conspecifics respond to 
pheromone emission by successfully established pioneer bee-
tles ( Bakke, 1978 ). 

 The buprestid  P. cyanea  is ranked among the most aggressive 
and economically most important xylophagous insects affecting 
pine in Western Europe ( Evans  et al. , 2004; Grégoire & Evans, 
2004 ). Our results show that it colonises trees with a very broad 
range of crown transparency levels including trees that are only 
slightly weakened. This species has not been considered detri-
mental in the forests in the study region until recently, but it 
seems to have increased its population levels in the past few 
years (cf.  Fig.   7 ; Dobbertin  et al ., 2007). The two species have 
different colonisation characteristics. While  P. cyanea  can colo-
nise slightly weakened trees in low densities without necessarily 
killing them ( Dengler & Wilhelm, 2002 ), bark beetles such as 
 I. acuminatus  need high numbers for colonisation and its success 
depends very much on the susceptibility of the tree and on the 
size of population (e.g.  Paine  et al. , 1984 ; Guérard  et al ., 2000). 

 In our study,  I. acuminatus  mostly colonised trees with a  recent 
deterioration in needle density ( Fig.   4 ). In contrast,  P. cyanea 
 also attacked many pines with no recent change in needle loss. 
From this point of view, this species may be even more signifi-
cant than  I. acuminatus . In any case, neither species qualifies as 
a  primary  pest in the strict sense, as the term is usually used to 
describe attacks on vigorous trees ( Edmonds  et al. , 2000 ). 

          Fig.   7.     Yearly density (mean  ±  SE) of 
 P. cyanea  infestations of Scots pines (col-
umns). The drought index (solid line) was 
calculated from January to May and the heat 
sum (in day-degrees >0 °C, dashed line) 
from May to October.  
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 The cerambycid  A. aedilis  and the bark beetle  O. longicollis 
 colonised trees with a conspicuously narrow transparency range 
>70%, that is greatly weakened or moribund trees. The pre-
ferred substrate of  A. aedilis  is known to be the phloem of phys-
iologically weakened trees ( Postner, 1974 ) or that of trees that 
have recently died ( Bense, 1995; Schroeder, 1997 ). The species 
colonises dead trees that were killed by some abrupt impact 
such as a storm, lightning or cutting, and therefore still have a 
nutritious phloem. In our study, this species was not found in 
dead trees (100% needle loss) because the phloem quality grad-
ually deteriorates in a slowly declining tree. Thus, when the tree 
finally dies, it is no longer attractive to many pioneer species. 
Conversely, pine trees rapidly defoliated up to 90% by sawfly 
attacks were reported to be not attacked by  Tomicus  species, be-
cause the trees’ reserves were not sufficiently exhausted (Annila 
 et al. , 1999). Therefore, the susceptibility of a defoliated or 
newly dead tree greatly depends on the history of its defoliation. 
A pine killed by a storm or momentarily defoliated by some 
phyllophagous insect attracts an assemblage of xylophagous in-
sects different from that attracted by a dying tree that has been 
declining for years. 

 The species assessed as moderately aggressive were 
 P. piniphilus ,  T. minor , and  S. noctilio . The weevil  P. piniphilus , 
the most aggressive species of the  Pissodes -genus ( Kudela, 1974 ), 
is known to usually prefer weakened, air-pollution affected or 
freshly killed trees, and is therefore considered a secondary pest 
(Day  et al ., 2004). In our study it colonised greatly weakened 
pines most frequently, but did not exploit moribund trees. The 
bark beetle  T. minor  is considered less aggressive than its conge-
ner  T. piniperda , which was found only in very low numbers in 
our study, and it generally does not have significant economic im-
pact ( Grégoire & Evans, 2004 ). In our study, this species prefera-
bly colonised trees with around 80% needle loss. In this it is 
similar to  T. piniperda , which prefers greatly weakened pine trees 
with high needle loss ( Schroeder, 1987 ).  T. minor  is also reported 
to require extremely high attack densities to successfully colonise 
even weakened trees, so that it very much depends on newly dead 
or moribund trees ( Långström & Hellqvist, 1993 ). 

 In Europe, the Eurasian wood wasp  S. noctilio  is of minor 
importance. It has rarely been found to colonise living trees, and 
it usually does not kill them ( Spradbery & Kirk, 1978 ). The lar-
vae do not develop in the phloem, but rather tunnel themselves 
through the sapwood. Thus, this wood wasp has some signifi-
cance only in terms of technical wood impairment. On the other 
hand, it is very detrimental in regions where it has been acci-
dentally introduced, such as New Zealand, Australia, South 
America, South Africa, and more recently the US, where it 
mainly affects  Pinus radiata  D. Don plantations ( Madden, 
1988; Långstöm  et al. , 2004 ;  www.aphis.usda.gov ). Along with 
oviposition, the female inserts toxic mucus and a fungus into the 
wood ( Madden, 1988 ), which further reduces the tree’s vigour. 
In vital trees, a high proportion of ovipositor drills are made 
without oviposition, but with insertion of mucus and fungus. 
More eggs are then deposited as the tree becomes less vigorous 
( Madden, 1988 ). This pattern is well supported by our data 
( Fig.   2 ). Trees suffering from just little more than 50% needle 
loss yielded a lower wood wasp density than trees with higher 
needle loss at the time of attack. 

 Once the aggressiveness of the species involved has been as-
sessed, the question arises as to their role in the observed pine 
decline in the Valais region. Many bark beetle species require a 
minimum number of attacking individuals to overcome a tree’s 
defence. The more aggressive a species is ( Raffa, 1988 ; Guérard 
 et al ., 2000;  Lieutier, 2002, 2004 ), the less the stress needs to be 
to allow a successful colonisation, and the higher the risk of a 
tree being attacked before it can recover and reach normal re-
sistance. In our investigation, even the most aggressive species 
preferentially colonised pines with more than 50% needle loss, 
that is pines with clearly reduced vigour. Nevertheless, insects 
that colonise trees with less than roughly 60% needle loss may 
be considered harmful, because such trees could possibly re-
cover under better conditions and without insect attack. 

 With the pine decline in Valais and referring to the Manion 
( Manion, 1981 ) concept, insects such as  P. cyanea  and 
 I. acuminatus  may be inciting factors, while most others merely 
contribute to the decline. There must be other inciting factors, 
such as drought or pathogens, because for example  P. cyanea 
 infested at most 40% of the trees even in the category with high-
est crown transparency ( Fig.   5 ). From the more than 200 trees 
investigated, only 12% showed  P. cyanea  infestation, and just 
18% of the trees with at least 45% needle loss were actually in-
fested with this species. 

 The infestation dynamics were closely related to the climatic 
conditions. The warm and dry year in 2003 was well reflected 
by the infestation peak of, for example,  P. cyanea  ( Fig.   7 ), and 
was reported to be favourable for other insect species as well 
( Rouault  et al. , 2006 ). The extraordinary conditions prevailing 
in 2003 were more than just  moderate changes in environmen-
tal stress  ( Långström & Hellqvist, 1993 ) and seem to have trig-
gered the instant attacks of this buprestid. Climate change 
scenarios for Europe, and in particular for Switzerland, predict 
an increase in temperature, drought periods, and heat waves 
(Fuhrer  et al ., 2006). This suggests that infestations will become 
more prevalent in future and lead to more tree mortality as a 
 result of  P. cyanea  and possibly other aggressive species. 

 In conclusion, it seems that beetles such as  P. cyanea  and 
 I. acuminatus  can be quite important inciting factors in a pine 
decline like that observed in the Swiss Rhone valley. This may 
possibly also play a role in other central Alpine valleys experi-
encing this phenomenon. Most other insect species are merely 
contributing or even irrelevant factors. It is very probable that 
the pine stands are suffering directly and indirectly from the ef-
fects of the ongoing global warming. Not only do higher tem-
peratures ( Rebetez & Dobbertin, 2004 ) and an unfavourable 
change in the precipitation regime ( Bigler  et al. , 2006 ) result in 
drought stress, which increases the susceptibility of the pine 
host tree to insect attack ( Mattson & Haack, 1987 ), but they also 
lead to a more rapid population development of the associated 
insects ( Wermelinger & Seifert, 1999 ; Bale  et al ., 2002). Thus, 
the observed decline of  P. sylvestris  and subsequent replace-
ment by the more drought-adapted  Quercus pubescens  (Weber 
 et al ., 2005;  Rigling  et al. , 2006 ;  Zweifel  et al. , 2006 ) seems to 
be the result of both a change in the abiotic environment and of 
the impact of biotic agents. These agents may include the semi-
parasitic mistletoe ( Dobbertin & Rigling, 2006 ), nematodes 
( Polomski  et al ., 2006 ) and insects.    
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