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Reduction of Attack Density of the bark beetles 
I ps  typographus and Tomicus pin iperda on host bark by 

Verbenone Inhibition of Attraction to Pheromone and Host Kairomone 

Fredrik ~ c h l ~ t e r l ,  John A. ~ ~ e r s l ,  Jan Lof vistl, Anders ~ e u f v d  and 
Goran Birgersson ! 

ABSTRACT 

An effective regulation of attack density in a bark beetle attack would 
occur if individuals sought to avoid too close habitation with neighbours 
on the bark surfaces in order to avoid competition for food and space 
between their offspring. In aggressive species a positive regulation is 
known to be driven by the aggregation pheromone during the mass attack to 
overcome host-tree resistance, while a negative regulation leading to a 
switching of attack to nearby patches may depend on several factors such 
as a quantitative drop in pheromone signal, spacing behaviours on bark, 
and product ion of semiochemical inhibitors. Ipsenol (Ie) and verbenone 
(Vn) , two oxygenated monoterpenes produced later during the attack in Ips 
typographus, have earlier been shown to inhibit attraction to synthetic 
aggregation pheromone. Verbenone has also been shown to inhibit 
attraction of Tomicus piniperda to its host kairomone. In the first two 
tests for Ips typographus, Ie and Vn were combined at a low dose, either 
as a single point source, or with multiple dispensers spread over Picea 
abies logs, but these treatments did not decrease attack densities. A 
direct application of Vn gave an 88 % reduction in attacks. The fourth 
test used Vn alone at three different doses applied over the surface and 
showed a strong log-linear dose-response, with close to zero attacks at 
the highest dose. Two tests with Tomicus piniperda on Pinus sy lvestr is  
logs treated with Vn in a similar manner also showed significant 
reductions in attacks. We suggest Vn to be one of several factors 
involved in attack density regulation. The response of the two species to 
this compound is highly dose-dependent; thus, Vn shows promise for 
practical management by prevention of attacks when applied sufficiently. 

1) Department of Ecology, Animal Ecology, Lund University, Ecology 
Building, 5-223 62 Lund, Sweden. 

2) Department of Chemical Ecology, Goteborg University, Box 33031 ,S-400 
33 Goteborg , Sweden. 
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1. INTRODUCTION 

The reproductive output of a bark beetle female is highly dependent on 
the competitive environment her larvae face. If strong inter-ga 1 lery 
competition lowers the amount of food available, the larvae may not gain 
enough biomass to pupate and will die (Anderbrant et al., 1985; DeJong 
and Grijpma, 1986). If the larvae survive to imago, they wi 1 1  be of small 
size and low quality in terms of pheromone production and reproductive 
output (Anderbrant et al., 1985). In both cases the fitness of the female 
will be lowered. Several tactics can be employed by beetles to avoid the 
deleterious effects of higi! density, such as earlier reemergence and/or 
shorter egg-galleries, and spacing of galleries. Of more strategical 
importance are mechanisms that will allow individuals to choose a patch 
where density is low (but high enough to diminish host resistance if 
1 iving trees are mass-attacked), before investing time in preparing a 
gallery. Such mechanisms could be a direct sensing of density after 
landing in a patch by searching over the bark surface and then taking off 
if density is high, or by sensing a chemical signal before (and after) 
landing that has the message of an old, previously populated patch (cf. 
Eyers, 1984; DeJong and Sabelis, 1988). A chemical signal is of special 
interest here as it can be experimentally manipulated to gain insight 
into the natural system or to control density and distribution of pest 
species for the purpose of forest protection. Such experiments have 
previously been done in some species, mostly for applied purposes, but 
have suffered from use of impure or even quite unknown compounds 
("pineoil," Nijholt, 1980; Nijholt and McMullen, 1980; Berisford et dl., 
1986) or not precisely known release rates (Bakke, 1987). 

In this study we aimed at testing the hypothesis that semiochemicals 
known to be released from infested host lo s and/or to inhibit attraction 
to traps, in ips typographus ( L . )  ipsenol PIe) and verbenone (Vn) (Bakke, 
1981; Schlyter et al., 1987b, 1989; Eirgersson et al., 19881, and in 
Tomicus piniperda (L.) Vn (Eyers et al., l989), will also inhibit attacks 
on host material. To this end we have quantified the response in 
attacking and landing beetles on host logs treated with known release 
rates of the potential aggregation inhibitors. 

2 MATERIALS AND METHODS 

2.1 Tests A to D with Ips typographus 

All tests with the eight-spined spruce bark beetle were run in Grib Skov, 
Esrum forest district, north Zeeland, Denmark. In 1985 the beetle 
population level was judged to be "semi-epidemic" with spontaneous 
attacks on standing trees occurring in several stands (Anderbrant et al., 
1988), but in 1986 the level was lower and spontaneous attacks were not 
found. 

Tests A and 6. Groups of three logs (3 m long) of N o w a y  spruce Picea 
abies (L.)Karst. were used with only the center log having an attractant 
bait. An adjoining log was untreated (control), while the other had 
ipsenol (Ie) and verbenone (Vn) either as a point source (test A) or 20 
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sma l le r  sources evenly spaced over  the  bark ( t e s t  B). I n  bo th  t e s t s  t h e  
hypothesis  was t h a t  t h e  t reatment  log, w i t h  I e  + Vn, would r e c e i v e  fewer 
a t t a c k s  than the  c o n t r o l .  The experimental set -up was in tended t o  
represen t  t h e  f i r s t  p a r t  o f  sw i tch ing  o f  t h e  a t t a c k  focus from a t r e e  
under mass-attack r e l e a s i n g  l a r g e  amounts o f  aggregat ion pheromone 
(methy lbutenol  and c is-verbenol  (MB + cV) = a t t r a c t a n t  b a i t  on t h e  cen te r  
l o g )  and males s p i l l i n g  over f rom the cen te r  t o  unat tacked -trees ( c o n t r o l  
l o g )  r a t h e r  than t o  a f u l l y  co lon ized  t r e e  r e l e a s i n g  i n h i b i t o r s  ( I e  +Vn, 
t reatment  l o g ) .  Test A was performed a t  s i x  s i t e s  w i t h  two groups of 
t h r e e  logs i n  each s i t e  g i v i n g  a t o t a l  o f  12 r e p l i c a t e s .  Logs i n  each 
group came f rom the  same t r e e  t o  min imize e f f e c t s  o f  between t r e e  
v a r i a t i o n  i n  pheromone precursors (L indst rom e t  a l . ,  l 988) ,  and 
assignment o f  t rea tments lcon t ro l  t o  r e l a t i v e  log  diameters fo l l owed a 
l a t i n - s q u a r e  design t o  avoid poss ib le  e f f e c t s  caused by the  spruce bark 
b e e t l e s '  preference f o r  l a r g e r  diameters w i t h  rougher bark. Logs w i t h i n  a 
group were placed p a r a l l e l  and spaced o n l y  1.5 m a p a r t  w h i l e  groups were 
a t  l e a s t  25 m apar t  and were o r i e n t e d  a t  900 w i t h  respect  t o  each o ther .  
A f t e r  each major f l i g h t  pe r iod  (1-3 days long) ,  new a t t a c k s  were loca ted  
and marked w i t h  drawing p ins  over t h e  exposed bark su r face  (213 o f  t h e  
bark t o t a l  bark area) .  The experiment was r u n  May 20 t o  June 5, 1985. 

T e s t  8 was designed and run  i n  the  same way as t e s t  A, b u t  i n  t h r e e  
s i t e s .  Since l i t t l e  e f f e c t  had been noted by t h e  p o i n t  source o f  Ie+Vn i n  
t e s t  A, we kep t  t h e  same dose per log i n  t e s t  B w h i l e  us ing  10 t imes t h e  
number o f  dispensers b u t  each r e l e a s i n g  1/10 t h e  prev ious r a t e  and evenly  
d ispersed over t h e  whole area o f  t h e  t reatment  log. I n  a d d i t i o n  t o  
marking o f  new a t tacks ,  small  window t r a p s  were ? laced over logs i n  two 
o f  t h e  s i x  groups, and 6 bark samples (19 x  29 cm) were taken f rom a l l  
l ogs  (upper and lower s i d e  a t  the  middle s e c t i o n  and a t  t h e  end 
sec t ions ) .  Test B was r u n  between May 19 and June 13, 1986. 

T e s t  C used p a i r s  o f  1  m long logs,  one log  b a i t e d  w i t h  a t t r a c t a n t  o n l y  
( c o n t r o l )  and t h e  o ther  w i t h  a t t r a c t a n t  p lus  a d i r e c t  spray a p p l i c a t i o n  
o f  Vn ( t rea tment ) .  Logs i n  p a i r s  were adjacent  sec t ions  o f  t h e  same t r e e  
i n  o rder  t o  be as s i m i l a r  i n  chemical and phys ica l  p r o p e r t i e s  as 
poss ib le .  Logs i n  p a i r s  were spaced 210 m a p a r t  and p a i r s  >25 m apar t .  
At tacks were summarized f o r  upper and lower s ides i n  t h e  f i e l d  a t  t h e  end 
o f  t h e  experiment, which l a s t e d  from May 20 t o  June 5, 1986, i n  G r i b  
Skov. Vn was app l ied  a second t ime a f t e r  14 days ( c f .  F i g .  1) .  

T e s t  D was a dose-response experiment w i t h  groups o f  4 l ogs  w i t h  t h r e e  
doses o f  Vn ( "2 ,  " "20, " and "200" nominal r a t e  o f  Vn mgldayl log)  re leased  
from dispensers spaced over the  upper s i d e  o f  t h e  t reatment  logs,  p l u s  
c o n t r o l .  A l l  logs had an a t t r a c t a n t  b a i t  and were spaced 220 m a p a r t ,  and 
groups were spaced 10 m apar t .  A la t in -square  des ign w i t h  4 s i t e s  was 
used w i t h  2 groups a t  each s i t e ,  such t h a t  each t reatment  occurred 
e x a c t l y  tw ice  w i t h  each log  s i ze ,  and each group had logs c u t  f rom t h e  
same t r e e .  At tacks were recorded as i n  t e s t  A. The t e s t  was r u n  between 
May 20 and June 25, 1986. 



2.2 Tests E and F w i th  T. p in iperda 

Experiments w i th  the pine shoot beet le were done a t  two l o c a l i t i e s ,  110 
km apart ,  from Apr i  1 8 t o  May 6 a t  Brosarp and May 15 a t  Vegeholm, Skdne, 
Sweden, 1986. No synthet ic  pheromone was used w i th  the pine shoot beet le,  
as logs of i t s  host, Scots p ine (Pinus sy l ves t r i s  L . ) ,  are q u i t e  
a t t r a c t i v e  (Byers e t  d l . ,  1985), and the beet le seems t o  lack a a 

long-range pheromone (Byers e t  a1 . , 1985; Lanne e t  a l . ,  1987). ! 

Test E involved spraying o f  one of a p a i r  o f  logs w i th  Vn, and was, 
except f o r  the  a t t rac tan ts ,  done i n  the same way as tes t  C, w i t h  s i x  
pa i r s  i n  Vegeholm and two i n  Brosarp. Attacks were marked w i th  drawing 
p ins  on the upper side only. 

Test F was done 1 i ke  t e s t  D ,  but w i th  only two doses o f  Vn ( "2"  and "20" 
nominal release o f  Vn mgldayllog). Three groups o f  logs were set  up a t  
each l o c a l i t y ,  and at tacks were marked as i n  t es t  E. 

2.3 Chemicals, Dispensers and Estimation o f  Release Rates i n  t he  F i e l d  

I n  t e s t  A (1985), I e  (Borregaard A/S) was used i n  racemic form and 99% 
pure, and Vn was a mixture o f  enantiomers (66.5133.5 1SIlR). The same 
compounds and dispensers were used i n  t r ap  tes t s  t h i s  year f o r  I .  
typographus (Schlyter  e t  d l . ,  1989). I n  t e s t  6 (1986), I e  was the same 
but  Vn was almost pure (-)-enantiomer (99.210.8 lS/ lR,  Bedoukian) and 99% 
pure. This Vn was also used i n  tes ts  C and 0. The a t t rac tan t  pheromone 
components were 2-methyl -3-buten-2-01 (MB) and (4s) - c  is-verbenol (cV) 
used i n  open v i a l  dispensers a t  the  "high" release r a t e  (50 mglday and 1 
mglday, respect ive ly ) ,  which i s  comparable t o  the comnercial a t t r a c t a n t  
formulat ions (Ipslurec7 , Pheropraxt , Schlyter  e t  d l . ,  1987a, 1987b, 
1989). 
For Tornicus pin iperda i n  t e s t  F, the (-)-enantiomer (98.611.4 1SIlR) of 
Vn was used a t  94% pure (Chemiconl A ldr ich) ,  and i n  t e s t  E the Vn used 
was the same as i n  t es t s  B, C ,  and 0. 

As a s t a r t i n g  po in t  we used i n  t e s t  A (1985) the dispensers (and 
consequently re lease rates)  t h a t  had proven ac t i ve  i n  i n h i b i t i n g  
a t t r a c t i o n  t o  a t t rac tan t  pheromone i n  t raps (Schlyter  e t  d l . ,  1989). The 
dispensers were open 1 ml PE-vials (1730, K a r t e l l ,  I t a l y )  and t h e i r  
approximate re lease was f o r  I e  0.6 and f o r  Vn 0.5 mglday a t  200. The 
dispensers used here have been reported e a r l i e r  (Schlyter  e t  a l . ,  1989) 
and found, by grav imet r ica l  analysis i n  t he  laboratory, t o  have a 
va r i a t i on ,  measured as the range o f  the  954 confidence i n t e r v a l ,  of <I04 
o f  t he  average value. The lower dosages i n  t e s t  B ( I e  0.1 and Vn 0.11 
mglday e r  dispenser) were given by the  same v i a l s ,  bu t  the  v i a l s  were 
c losed rSchlyter  e t  a l . ,  1989). The number and type o f  t h e  dispensers fo r  
t e s t s  D and F were the  same. Nominal re lease r a t e  "2" f o r  a l og  used 20 
sources o f  closed 1-m1 v i a l s ,  r a t e  "20" used 20 sources of 2 open 1-ml 
v i a l s ,  and r a t e  "200" 20 sources o f  3 open 3-ml v i a l s .  The expected 
re lease ra tes  would then be 2.2 (2 OA), 22 ( i  O.6), and 142 (*  8 )  mglday 
per l og  (: i 95 4 C. I . ) ,  f o r  the "2," "20" and "200" rates,  respect ive ly .  

i Dispensers f o r  the  "2" r a t e  were appl ied as i n  t e s t  8, but  t he  open 
dispensers f o r  ra tes  "20" and "200" were put  under ra in-covers cons is t ing  



of a 6 x 7 cm rigid plastic sheet with a nail driven through its center. 
The nail was then driven in place on the log and dispensers fastened 
around the nail. 

For tests C and, E Vn was sprayed directly on the bark in, a quantity 
(about 15 ml per log) that was small enough to absorb completely into the 
outermost layer of the cortex bark. The release from this simple 
absorbent substrate was then monitored in test C by odour collections 
(see below). 

Estimation of Vn release rates in the field was done by covering a 
portion of a log with a 50 x 60 cm form-fitting aluminum sheet and 
sucking the volatiles from the center of the semi-enclosed area through a 
plug of Porapak Q (80 -100 mesh) adsorbent. A plug of 300 mg adsorbent 
and an air flow of 200 ml/min generated by a small accumulator-fed pump 
(Birgersson and Bergstrom, 1989) was used. After a 2 h odour collection 
(aeration) period the plug was rinsed with 2 x 1 ml diethylether with 500 
ng C7Ac/ml as quantification standard. The extract was analysed, without 
pre-concentration, on a Finnigan MAT700 GC-IT0 (Gas Cromato raph -Ion 
Trap Detector) using extracted ion current profiles ! E m )  of 
characteristic fragments for quantification. 

3. RESULTS 

3 .1  Tes ts  A t o  D w i t h  I. typographus 

E s t i m t i o n  o f  Vn r e  lease by odour co 1 lectfon fro* dispensers and sprayed 
logs ( tests C and D).  The accuracy of the estimates in absolute terms 
could not be determined since no independent internal standard was 
released during the collections. In general the efficiency of trapping 
released Vn appeared to be low, <1 %. Estimates based on the two ions 
used for quantification, m/z= 91 and m/z= 107, correlated well (r 
=0.996), but m/z= 91 gave -10% higher mean and median. Blank values, from 
forest air, untreated log etc., had a Vn estimate of 0.02 -0.03 ng/h for 
m/z=  107 and 0.1 -0.33 nglh for m/z= 91. 

The direct application by spraying of Vn in test C resulted in an 
exponential decline in release rate with time (Fig. 1A). However, despite 
the fast decline, appreciable amounts could still be detected after 10 
days (Fig. lA), equal to or larger than Vn release from logs with vials 
with a laboratory-estimated release of 140 mg/day/log (Fig. 10). 

The vial dispensers in test D showed a relatively stable release, with a 
weak, linear decline in release rates (Fig. lB), as expected from open 
tubes (Byers, 1987). 
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Fig. 1. (A) Release o f  verbenone (Vn) from logs sprayed w i t h  neat Vn 
( t e s t  C w i t h  Ips typographus ) ,  est imated by odour c o l l e c t i o n s  w i t h  
adsorbent e l u t ed  w i t h  so lven t  and analysed by GC-ITD, us ing  two 
fragments, m/z= 91 and 107, c h a r a c t e r i s t i c  f o r  Vn. No data a f t e r  14 days 
due t o  new a p p l i c a t i o n  a f t e r  t h i s  time. (8 )  Odour c o l l e c t i o n s  as i n  A, 
bu t  from logs w i t h  dispensers ( t e s t  D w i t h  Ips typographus) w i t h  re lease  
r a t e s  est imated i n  the laboratory.  

Tests A and 6. A t o t a l  o f  763 a t t acks  were noted i n  t e s t  A, and 2083 i n  
t e s t  0. I n  both t e s t s  the center  log,  w i t h  a h i gh  dose o f  a t t r a c t a n t ,  
rece ived  most a t t acks  (F ig .  2 ) ,  and i n  t e s t  0 the center  log  had a lower 
p ropo r t i on  o f  males landing and found under the  bark (Table 1). 

However, t he  t reatment  (Ie+Vn) and con t ro l  logs d i f f e r e d  l i t t l e  i n  number 
o f  a t t acks  (F ig .  2 ) ,  a l though a t tacks  were somewhat h igher  f o r  the  
t reatment  l og  i n  t e s t  A. No formal ana lys is  (ANOVA) was done, s i nce  i t  
was obvious f rom F ig .  2 t h a t  the hypothesis t h a t  any o f  t he  t reatment  
types (A: p o i n t  source and 0: area cover ing)  would prevent  "sw i tch ing"  of 
a t t a c k s  f rom the  cen te r  l o g  was f a l s i f i e d .  



A) Point source B) Area covering 

Fig. 2. Re la t ive  number o f  attacks by Ips typographus on logs i n  groups 
o f  three Picea abies logs (untreated cont ro l ,  MB+cV synthet ic  pheromone 
t reated,  and ipsenol+verbenone (Ie+Vn) t rea ted) ,  2 *95% C. I. (re t rans-  
formed from a rcs in  6). Test (A)  I e  and Vn released a t  a s i ng le  po in t  
source (two dispensers), and t e s t  (0) I e  and Vn each released i n  10 
separate dispensers uni formly spread out over the area o f  the log. Dotted 
l i n e s  mark the zero hypothesis, hb, o f  equal number o f  at tacks on a l l  
types o f  logs. 

Table 1. Number and sex- ra t io  o f  Ips typographus landing on and a t tack ing  
logs i n  t e s t  B w i th  uniform covering o f  dispensers w i t h  I e  and 
Vn, as estimated by b a r r i e r  t r a p  catches ( 2  o f  6 groups) and bark 
samples (a1 1 6 groups, n= 18) dur ing May 21 -June 13, 1986. 

Treatment I Response 1 I Landing (Traps) I At tacking (Bark Sam- 
p les )  I 

I T o t a l l  %,Males I T o t a l I  %,Males I 
Mean 95 % C. I. Mean 95 % C. I. 

Control  20 -80 30 -57 
40 -50 26 -41 



Test C. A total of only 226 attacks (50.7 % on the upper half) were 
noted, even though all logs in the 6 pairs were baited with strong 
synthetic attractant pheromone. However, since of the total attacks only 
6.2 % occurred on Vn sprayed logs, Vn strongly reduced both the attack 
density and the relative numbers of attacks in a pair (Fig. 3). 

+j, 1 A!;! 
3 

2 ,d 
g 0. 
6 

T 
0.2 

T T 

Control Vn Spray Control Vn Spray 

Fig. 3. (A) Attack density of Ips typographus, and (0) Relative number of 
attacks between pairs of Picea a b i e s  logs in test C, where the treatment 
log was sprayed with verbenone (Vn). Both logs had synthetic pheromone 
attractant (MB+cV). Means ~ 9 5 %  confidence interva 1s are given, 
retransformed from arcsin [% Attacks] and log(x +1) [Attacks (dw2)], 
respectively. 

Test 0. Similar to test C, the total number (n = 393) and attack 
densities (<1 dm-2) were low, but an inhibitory effect of increased Vn 
dose could be seen in attack densities (Fig. 4A). 

Multiple ANOVA showed Vn dose to be a quite significant factor, together 
with effects of site (Table 2). In addition there was a significant 
interaction between Vn dose and site (Table 2), which is also indicated 
by the non-parallel response lines in Fig. 4A. 
The average relative number of attacks showed a negative and linear 
relation to Vn dose (Fig. 48). 
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Fig.  4 .  ( A )  Attack density of Ips typogrdphus on Picea abies logs at 
different sites in test D, the dose - response experiment. Dispensers 
releasing rates of verbenone (Vn) estimated in the laboratory at 200 C 
(see Methods, sect. 2.3). A1 1 logs had synthetic pheromone attractant. 
(6) Mean relative number of attacks in groups of logs, test 0, *95% 
confidence intervals. Dotted line marks the zero hypothesis, Ho, of no 
difference between control and treatments. 

Table 2. Multiple ANOVA of results of Ips typogrdphus attack on verbenone 
treated logs and control logs (test D), as influenced by 
verbenone dose (2, 20, and 140 mgldayllog) and population levels 
on experimental forest sites. 

Tests o f  s ign i f  icdnce f o r  drcs in(Re 1dt ive number o f  a t  tdcks)o-5 I Source of  var ia t ion  1 d f 1  MS 1 F-value ISignif icance 
of F(%) I 

Within cells 
Constant 

Main e f fects  (Factors): 
Verbenone-dose 
Site 

Interact ion:  
Verbenone-dose X Site 

Tests o f  sign i f  icdnce f o r  log(Attack dens i t y  + I )  

14 
1 

3 
3 

9 

Within cells 
Constant 

Main e f fects  (Factors): 
Verbenone-dose 
Site 

Interact ion:  
Verbenone-dose X Site 

0.01 
3.68 

0.35 
0.34 

0.06 

6 1 

16 
1 

3 
3 

9 

- 
487 

45.8 
45.0 

7.8 

-00 
.19 

.02 

.04 

.OO 

- 
<O. l*** 

<O.lf** 
.0. l*** 

<O. l*** 

- 
288 

31.7 
58.9 

5.5 

- 
.0. l*** 

.0. I*** 

.O. I*** 

0.2** 



3.2 Tests E and F wi th  T. piniperda 

Test E. Of 356 attacks on 8 pa i r s  o f  logs only 17 % o f  the at tacks were 
found on sprayed logs. Both mean r e l a t i v e  number o f  at tacks and at tack 
dens i t ies  were s i g n i f i c a n t l y  d i f f e r e n t  between treatment and con t ro l  
(Fig.  5). 

,I C o n t r o l  . u 
C o n t r o l  V n  S p r a y  

Fig .  5.  ( A )  Attack density, '  and (0) Rela t ive  number of' at tacks by T. 
piniperda on p a i r s  o f  a t t r a c t i v e  host Pinus sylvestr is logs ( t e s t  E ) ,  one 
t rea ted w i t h  spay o f  verbenone (Vn). Means * 95% confidence i n t e r v a l s  are 

iven, retransformed from arcs in  J;, 1% ~ t t a c k s ]  and log(x+ l )  [At tacks 
!dm-211, respect ive ly .  See also Fig.  3. 

Test F. The dose-response experiment, w i t h  on ly  two doses o f  Vn, gave a  
less c lea r  p i c t u r e  than i n  Ips typographus, although the number o f  
a t tacks  (n  = 1504) and attack densi ty (>1.5 dm-2) was f a i r l y  high. O f  the  
two Vn doses used, "2" gave a  somewhat, but  no t  s t a t i s t i c a l l y  
s i g n i f i c a n t ,  h igher amount o f  at tacks,  wh i le  dose "20" gave hal f  as many 
a t tacks  as the cont ro l  (Fig. 6). 
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Fig.  6 .  Attack densi ty o f  T. 
pin iperda on Pinus sy lvestr is 
logs a t  d i f f e r e n t  s i t e s  i n  
t e s t  F, the dose - response 
experiment, w i t h  dispensers 
re leasing ra tes  o f  verbenone 
(Vn) estimated i n  the  labora- 
t o r y  a t  200 C. S i t e  1: 
B r t h r p ,  S i t e  2: Vegeholm. 
Means *SO are given, re -  
transformed from log(x + I ) .  



The diameter classes o f  the logs were included i n  ANOVA, p a r t l y  because 
i n  one s i t e  diameters were imperfect ly  balanced and p a r t l y  because log 
s i ze  and corresponding bark roughness are important f o r  host se lec t ion  i n  
the  p ine  shoot beetle. 
MANOVA showed tha t  Vn dose and diameter o f  logs were s i g n i f i c a n t  fac tors ,  
as were the in terac t ions  o f  Vn dose w i th  diameter and s i t e  f o r  both 
r e l a t i v e  number o f  at tacks (P <I%) and at tack densi ty (Table ,3). S i t e  
alone a l so  had a s i g n i f i c a n t  e f f e c t  on the at tack densi ty (Table 3) ,  
wh i le  the  fac to r  s i t e  was apparently not s i g n i f i c a n t  f o r  the r e l a t i v e  
number o f  at tacks (P >lo%).  

Table 3. Mu l t i p l e  ANOVA o f  resu l t s  o f  Tomicus piniperda attack on 
verbenone t rea ted logs and cont ro l  logs ( t e s t  F) ,  as inf luenced 
by verbenone dose (2  and 20 mgldayl log), population leve ls  
experimental f o res t  s i t es ,  and diameter o f  host logs. 

Tests o f  s i g n i f  icance f o r  log(Attack dens i t y  + I )  

Main e f f e c t s  (Factors): 
Verbenone-dose 
S i t e  
Diameter 

4. DISCUSSION 

Source o f  v a r i a t i o n  

With in c e l l s  
Constant 

In terac t ions :  
Dose X S i t e  
Dose X Diameter 
Diameter X S i t e  
Dose X Diam. X S i t e  

Verbenone treatment showed a c lear  and s i g n i f i c a n t  e f f e c t  i n  reducing I 
a t tacks on host logs i n  4 out  o f  6 tes ts .  We have shown here tha t  our I 
hypothesis, t ha t  compounds i n h i b i t i n g  a t t r a c t i o n  t o  t raps can a l so  1 
i n h i b i t  at tacks on a t t r a c t i v e  host logs, i s  cor rec t .  Of the  experiments 
( t e s t s  A -F), i t  was on ly  i n  t es t s  A and B, i n  which we hypothesised tha t  

I 
i n h i b i t o r s  (Vn + Ie)  -could stop "switching" i n  Ips typographus between 
c lose l y  (1.5 m) spaced logs, t ha t  there were apparently no s i g n i f i c a n t  
e f f e c t s  o f  the  i nh ib i t o rs .  I n  a l l  the other tes ts ,  w i t h  spacings >10 m, 
c l ea r  i n h i b i t o r y  e f f ec t s  o f  Vn were shown. For Ips  typographus we had t o  
use a strong synthet ic  a t t rac tan t  i n  order t o  get  any at tacks on the  
con t ro l  logs, a procedure which might have made the  s i t u a t i o n  more l i k e  
o r i e n t i n g  t o  a t rap.  On the  other hand, the  r e s u l t s  show tha t  we can 

F-value 

8.8 

2 
2 
2 

d f  

2 
1 

Signi f icance 
o f  F(b) 

9.7 NS 

2 
4 
2 
2 

MS 

.002 

.46 

.74 

.076 

.13 

.080 

.009 

.001 

172 
279 
28.3 

0.6 " 
0.4 " 
3.4 

49.9 
29.5 

3.4 
1.0 

2.0 
3.3 * 

23 NS 
88 NS 



i n h i b i t  a t t acks  on logs which re lease an amount o f  syn the t i c  pheromone 
corresponding t o  about 1000 a t tack ing ,  unpaired males (Sch ly te r  e t  d l . ,  

1987a); i n  o ther  words, we succeeded i n  more o r  less i n h i b i t i n g  the  
a t t acks  on a t r e e  under mass-attack. The use o f  a s t rong syn the t i c  
pheromone a t t r a c t a n t  on the logs may have increased t he  a t t r a c t a n t  t o  an 
a r t  i f  i c i a l  l y  h i gh  dosage and overpowered the  e f f e c t s  o f  the' i n h i b i t o r s .  

The e f f ec t s  shown here f o r  Vn, a semiochemical (a compound produced by an 
organ ism t h a t  mediates an eco log ica l  i n t e r a c t  ion  w i t h  (behaviour i n )  
another organism i n  t he  system) are r e l a t i v e l y  c l ea r ,  bu t  what a re  t he  
eco log ica  1 imp1 i ca t i ons  i n  q u a n t i t a t i v e  terms? O f  i n t e r e s t  are o n l y  the  
abso lu te  amounts o f  Vn, bu t  a lso,  f o r  Ips t pographus, t he  r e l a t i o n  -of Vn 
t o  t he  pheromone component c is-verbenol  (cVf, from which Vn may be p a r t l y  
der i ved  (Leufven e t  d l . ,  1984, 1988), and, f o r  Tomicus piniperda, the  
r e l a t i o n  o f  Vn t o  t h e  kairomone (hos t - t r ee  a t t r a c t a n t )  component a-p inene 
(Byers e t  d l . ,  1985). 

Sch ly te r  e t  a l .  (1987a) co l l e c ted  v o l a t i l e  Vn and cV i n  t he  range 0.3 
-0.7 and 0.1 -0.4 ~ g l d a y  from small  spruce logs w i t h  50 males o f  I .  
typographus, corresponding t o  a r a t i o  o f  Vn:cV o f  about 1: l .  B i rgersson 
and Bergstrijm (1989) measured a i rborne re lease  from i n d i v i d u a l  bee t les ,  
which had about 30 -100 ng/3h/male o f  Vn and 100 -300 ngl3hlmale o f  cV a t  
d i f f e r e n t  t imes a f t e r  s t a r t i n g  the  a t t ack ,  corresponding t o  a Vn:cV r a t i o  
of 1:10 i n  the  beginning and 1 : l  a t  the  end (seven days l a t e r ) .  
I n  T. piniperda Byers e t  a l .  (unpubl.)  showed a re lease  o f  up t o  200 ng lh  
of Vn and 14 ~ g / h  o f  a-pinene (a  r a t i o  o f  1:70 , ~n :a -p i nene )  from small  
p i ne  logs w i t h  50 females. I n  t raps  they  re leased Vn:a-pinene a t  a r a t i o  
o f  1:110, which s i g n i f i c a n t l y  i n h i b i t e d  a t t r a c t i o n  o f  T. piniperda t o  
t raps .  

I n  our  experiments w i t h  I .  typographus we used h igher  r a t i o s  than 
ob ta ined  from the  r e l a t i v e l y  e a r l y  co l on i za t i on  phases ( 1  day - 1 week), 
f rom Vn:cV =1:0.5 (Vn dose "2" ,  2.2 mglday per  log)  t o  1:0.007 (Vn dose 
"ZOO", 142 mglday per  log) .  Such h igh  r a t i o s  toge ther  w i t h  h i gh  amounts 
o f  cV ( 1  mglday), which correspond t o  a newly co lon ized  patch, would 
probably no t  be found i n  nature. However, our  experimental r a t i o s  may 
w e l l  be t h e  case i n  o l d  co lon ized  patches where cV p roduc t ion  by t h e  
bee t l es  i s  low, b u t  where Vn i s  produced by es tab l i shed  microorganisms i n  
t he  g a l l e r y  w a l l  phloem from verbenols and pinenes (Leufvgn e t  d l . ,  1984, 
1988; Leuf ven and Bi rgersson,  1987). 

Severa l  s i m i l a r  s t ud i es  on p r o t e c t i o n  o f  logs f rom bark b e e t l e  a t t ack  i n  
Trypodendron 1 inea tum, Dendroctonus ponderosae ( N  i jho  1 t , 1980; N i jho  1 t 
and McMullen, 1980; B e r i s f o r d  e t  a l . ,  1986) and Ips typographus (Bakke, 
1987) have shown t h e  p o s s i b i l i t y  t o  p r o t e c t  logs f rom a t tacks ,  b u t  i n  
these s t ud i es  t h e  t reatment  e f f e c t s  can no t  be understood i n  terms of t h e  
chemical ecology, s i nce  knowledge o f  re lease  r a t e s  from t reatment  of logs 
and lo r  bee t l es  i s  inadequate. Verbenone has long been known t o  i n h i b i t  
a t t r a c t i o n  o f  D. f ron ta l i s ,  D. brev icmis ,  D. pseudotsugae, D. 
adjunctus and D. ponderosae t o  pheromone (Renwick and V i t e  1970; Payne 
and Richerson, 1979; Rudinsky, 1974a; Bedard e t  al . ,  1980; L i v i n g s t o n  e t  
a l . ,  1983; Ryker and Yandel l ,  1983). More r ecen t  work has u t i l i z e d  Vn t o  
p r o t e c t  t r ees  f rom D. f ron ta l i s  a t t acks  ( T .  Payne, pers. corn.). I n  
a d d i t i o n  t o  T. piniperda as shown by  Byers e t  a l .  (unpubl.), Ips 
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paraconfusus and Ips typographus a l so  a re  i n h i b i t e d  f rom responding t o  
t h e i r  a t t r a c t a n t  pheromone (Eyers and Wood, 1980; Bakke, 1981; Sch ly te r  
e t  a l . ,  1989). 

Thus, severa l  species o f  phloem-feeding bark bee t les  have been found t o  
respond t o  Vn i n  a s i m i l a r  manner, perhaps because Vn i s  c o n s i s t e n t l y  
p resen t  i n  decaying t r ees  (mostly by m i c rob ia l  catabol  ism) and i t s  
presence i nd i ca tes  t h a t  the  hos t  i s  no longer s u i t a b l e  f o r  co l on i za t i on  
(Leuf ven and Bi rgersson,  1987). 3-Methy 1-2-cyc lohexen-1-one (MCH) i s  
another important  i n h i b i t o r  f o r  0. pseudotsugae and 0. r u f  ipennis, i s  
known t o  be produced by t h e  beet les,  and has been used t o  p r o t e c t  t r ees  
f rom a t tacks  (Rudinsky e t  a l . ,  1974b; Furn iss  e t  a l . ,  1974, 1981, 1983; 
McGregor e t  a1 . , 1984). 

The use o f  semiochemicals t h a t  i n h i b i t  aggregation and/or a t tack  on host  
t r ees  may prove t o  be use fu l  t o o l  i n  f o r e s t  p r o t e c t i o n  and management. I n  
Europe, t r ees  a re  harvested main ly  dur ing  t h e  w in te r  and s to red  i n  l a rge  
p i l e s  f o r  t r anspo r t  l a t e r  i n  spr ing  o r  s u m r .  These l o g  p i l e s  must be 
moved o u t  o f  the  f o r e s t  be fo re  bee t les  emerge from i n f es ted  wood (by J u l y  
1 f o r  Tomicus piniperda i n  Sweden and f o r  Ips typographus i n  W. Germany). 
However, i f  t he  l o g  p i l e s  can be p ro tec ted  by verbenone, then t h e  
l o g i s t i c  expenses and handl ing can be spread over a longer  per iod  w i t h  
consequent savings. Dur ing epidemic cond i t ions ,  when many stands are a t  
r i s k  o f  being mass-attacked dur ing  a shor t  pe r i od  o f  t ime,  b u t  not  a l l  
stands can be accessed f o r  c u t t i n g  and removing at tacked t rees ,  Vn could 
be used t o  lower t he  p r o b a b i l i t y  t h a t  t rees  i n  such stands w i l l  be 
at tacked,  w h i l e  t r aps  and t r a p  t rees  w i t h  a t t r a c t a n t  pheromone can 
concentrate t h e  bee t l e  popu la t ion  i n  more accessib le areas. 

From an app l ied  p o i n t  o f  view i t  i s  obvious t h a t  development o f  
management s t r a t eg i es  us ing  i n h i b i t o r y  semiochemicals, such as Vn, would 
depend both on our basic  knowledge o f  t he  semiochemicals' r o l e  i n  dens i t y  
r e g u l a t i o n  i n  t h e  bee t l e  and t h e  development o f  s u i t a b l e  dispensers f o r  
r e l e a s i n g  t h e  compounds a t  t he  necessary ra tes .  One p o i n t  o f  i n t e r e s t  i s  
t h e  mechanisms by which t he  i n h i b i t i o n  o f  t r a p  catches and l og  a t tacks  
takes p lace.  I s  i t  long-range o r i e n t a t i o n ,  landing o r  even a f t e r  landing,  
o r  some o the r  s tep i n  t he  behavioura l  sequence o f  a t t r a c t i o n  (Borden, 
1982; Sch l y t e r  e t  a l . ,  1987c) t h a t  i s  i n h i b i t e d ?  The landing t r a p  data 
f rom t h i s  s tudy i n d i c a t e  t h a t  t h e  steps up t o  and poss i b l y  i n c l ud i ng  
land ing  a re  involved,  as landing corresponded rough ly  w i t h  a t tacks ,  bu t  
f u r t h e r  behavioura l  experiments w i t h  na tu ra l  and syn the t i c  sources o f  
a t t r a c t a n t s  a re  needed here t o  e l uc i da te  t h e  mechanisms o f  t h e  e f f e c t s  o f  
Vn found here. 
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