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Effect of Monochamus carolinensis on the Life History of 
the Pinewood Nematode, Bursaphelenchus xylophilus 1 

J. E. W A R R E N  2 AND M. J. L I N T  3 

Abstract: The development of Bursaphelenchu~ xylophilus in pine wood infested with and  free of  
Monochamus carolinensis was investigated. Formation of third-stage dispersal juveniles occurred in the 
presence and absence of pine sawyer beetles. T h e  proportion of third-stage dispersal juveniles in the 
total nematode population was negatively correlated with moisture content of  the wood. Formation 
of nematode dauer  juveniles was dependent  on the presence of the pine sawyer beetle. Dauer 
juveniles were present in 3 of 315 wood samples taken from non-beetle-infested Scots pine bolts and 
81 of 311 samples taken from beetle-infested bolts. Nematode densities were greater in wood sam- 
ples taken adjacent to insect larvae, pupae, and teneral adults compared with samples taken from 
areas void of insect activity. Nematodes recovered from beetle larvae, pupae, and teneral adults were 
mostly fourth-stage dauer  juveniles, al though some third-stage dispersal juveniles were also recov- 
ered. Dauer juvenile density was highest on teneral adult beetles. 

Key words: Bursaphelenchus xylophilus, dauerjuvenile ,  Monochamus carolinensis, nematode, pine saw- 
yer, pinewood nematode. 

The pinewood nematode, Bursaphelen- 
chus xylophilus (Steiner & Buhrer) Nickle, is 
a phytophagous and mycophagous nema- 
tode associated with stressed pine trees in 
North America. The nematode hatches as 
a second-s tage  juven i l e  and deve lops  
through two subsequent juvenile stages be- 
fore becoming an adult (13). Under  favor- 
able conditions, such as adequate wood 
moisture, high nutritional reserves, and 
opt imum temperatures, nematode devel- 
opment  follows a reproductive pathway 
(15). When within-wood conditions deteri- 
orate, the nematode switches to a dispersal 
pathway. The development of  the nema- 
tode within stressed trees is closely associ- 
ated with the development of  beetles in the 
genus Monochamus (Coleoptera: Ceramby- 
cidae). Monocharaus larvae form a pupal 
chamber in the xylem, and third-stage dis- 
persal nematodes aggregate on the wall of  
the chamber (12). Third-stage dispersalju- 
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veniles (JIIID) molt to fourth-stage dauer 
juveniles (JiVD) and enter the respiratory 
system of the newly eclosed adult beetle 
(7). The dauerjuvenile  is important in the 
nematode life cycle because it is the stage 
carried by insect vectors to new host trees. 
The nematode is introduced into new host 
trees through feeding wounds (9,11) or 
oviposition wounds (3,20) made by Mono- 
chamus spp. 

Monochamus carolinensis (Olivier) is the 
principal vector of  B. xylophilus in the cen- 
tral United States (10). No data exist on the 
within-tree relationship between develop- 
ment of  this beetle and that of  the nema- 
tode. The objective of  this study was to de- 
termine the influence of  M. carolinensis 
presence on the formation and density of  
B. xylophilus dispersal juveniles. 

MATERIALS AND METHODS 

Seven apparent ly  healthy Scots pine 
(Pinus sylvestris L.) trees were cut on the 
Thomas A. Baskett Wildlife Research and 
Education Center in Boone County, Mis- 
souri, during June  1990. Wood samples 
were taken from each tree to ensure that 
each was free of  B. xylophilus. Two bolts, 
40-cm long, were removed from each tree 
for a total of  14 bolts. The ends of  each 
bolt were dipped in hot paraffin to impede 
desiccation. Approximately 24 hours after 
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felling, each bolt was inoculated with an 
isolate of  Ophiostoma minus ((Hdg.) H. & P. 
Sydow) on malt agar. Inoculations were 
made  t h r o u g h  two, 1-cm-diameter  by 
3-cm-deep drilled holes: one hole at each 
end and opposite side of  the bolt. One 
week later, 500 B. xylophilus of various life 
stages suspended in 0.5 ml distilled water 
were inoculated into each of two similar 
holes: one opposite each of the fungal in- 
oculation sites. The nematodes used in this 
study were obtained from a Scots pine at 
the Thomas A. Baskett Wildlife Research 
and Education Center and were cultured 
on Botrytis cinerea Pers. (17). 

Labora tory- reared  M. carolinensis (8) 
were allowed to oviposit on one randomly 
selected bolt from each tree for approxi- 
mately 3 days. The remaining bolt of each 
pair received no oviposition and served as 
a control. All bolts were held in an insect 
rearing room at 27 C during the period of  
beetle development, which ranged from 
60 to 70 days. Bolts constituting a pair 
were removed from storage upon emer- 
gence of  the first beetle from the infested 
bolt. A 5-cm thick disk was removed from 
each end of the bolt and discarded to avoid 
an edge effect caused by desiccation. The 
remaining portion of  the bolt was cut with 
a band saw into fifteen 2-cm-wide disks. 
Three 1.57-cm 3 randomly located samples 
were removed  f rom each disk with a 
1-cm-d drill bit and electric drill. Thus, 45 
samples were taken from each bolt, for a 
total of 315 samples from each treatment. 
Four samples from beetle-infested bolts 
were eliminated from the analysis due to 
experimental  error  resulting in a final 
sample size of  311. All samples were as- 
sayed for nematodes with the modified 
Baermann  funnel  technique (17). The  
number of  third-stage dispersal juveniles, 
fourth-stage dauerjuveniles, and all other 
B. xylophilus life stages was determined for 
each sample. The wet weight of  each wood 
sample was determined before nematode 
extraction. After extraction, each sample 
was dried at 125 C for approximately 48 
hours to determine dry weight. The mois- 

ture content of each sample was calculated. 
All statistical analyses described below 
were conducted using the Statistical Anal- 
ysis System (16). 

Effect of moisture content on B. xylophilus 
life stages: Spearman's rank correlation was 
used to determine whether the proportion 
of third-stage dispersal juveniles in the to- 
tal nematode population was correlated 
with moisture content of  the wood sam- 
ples. A nested analysis of  variance was 
used to partition the variance associated 
with moisture content among treatments, 
bolts, disks, and samples. Analysis of vari- 
ance was used to test for differences in 
moisture content between treatments. 

Effect of Monochamus on B. xylophilus 
population density: Chi-square analysis was 
used to determine whether the ratio of  
third-stage dispersal juveniles to fourth- 
stage dauer juveniles, each expressed as a 
percentage of the total number  of  dis- 
persal nematodes (JinD and JivD), was in- 
dependent of  the presence or absence of 
M. carolinensis in the bolt. One-way analy- 
ses of  variance were run on log trans- 
formed [ln(x + 1)] data to determine if 
mean densities of third-stage dispersal ju- 
veniles and fourth-stage dauer juveniles 
differed between bolt treatments. A nested 
analysis of variance was used to partition 
the variation associated with total nema- 
tode density (all life stages) among treat- 
ments, bolts, disks, and samples. Analysis 
of  variance was used to test for differences 
in total nematode densities between the 
two treatments. 

B. xylophilus association with Monocha- 
mus life stages: Additional wood samples 
were taken adjacent to M. carolinensis gal- 
leries in the beetle-infested bolts. Wood 
forming the walls of the gallery surround- 
ing developing insects was removed by in- 
serting a drill bit into the gallery. Each 
sample was classified as being adjacent to a 
mature larva, pupa, or teneral adult, de- 
pendent on the life stage of the insect re- 
moved from the gallery at the time of sam- 
pling. Wood samples from beetle-infested 
bolts described previously (n = 311) were 
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used as nonadjacent control samples. Sam- 
ples taken adjacent to insect activity were 
irregular in volume because of  variation in 
the diameter of  insect galleries; thus, the 
number  of  nematodes in the adjacent and 
nonadjacent samples was expressed as the 
number  of  nematodes per  gram of dry 
wood. The number  of  third-stage dispersal 
juveniles,  fourth-s tage dauer  juveniles,  
and total number  of  B. xylophilus was de- 
termined for each sample. Analysis of  vari- 
ance and least square means were used to 
determine whether proximity of  insect ac- 
tivity influenced total nematode density in 
the wood; t-tests were used to compare 
mean density of  third-stage dispersal juve- 
niles and four th-s tage  daue r  juveniles  
within each of  the wood sample types. All 
data were log-transformed to minimize 
variation in nematode densities. 

Monochamus carolinensis mature larvae, 
pupae, and teneral adults (n = 48) were 
removed from galleries. Each individual 
was macerated, and nematodes were col- 
lected with the modified Baermann tech- 
nique. The number  of  third-state dispersal 
juveniles,  four th-s tage dauer  juveniles,  
and the total number  of  B. xylophilus col- 
lected from each was determined. Analysis 
of  variance was performed on log-trans- 
fo rmed data to determine whether  the 
density of  B. xylophilus life stages differed 
among the life stages of  the beetle. 

RESULTS 

Effect of moisture content on B. xylophilus 
life stages: A significant negative correla- 
tion was found between the proportion of  
third-stage dispersal juveniles in the total 
nematode population and moisture con- 
tent of  the wood samples (r = - 0.31; P = 
0.0001). Moisture content ranged from 11 
to 69% in individual wood samples. The 
proport ion of  third-stage dispersal juve- 
niles in the total nematode  populat ion 
ranged from 0.01 to 0.99, with a mean of  
o.5 (-+o.2). 

Mean percentage moisture content was 
h igher  in the cont ro l  bolts (41.8% + 

12.8%) than in the beetle-infested bolts 
(34.2% + 9.1%); however, this difference 
was not significant (F = 1.98; d f  = 1,12; P 
= 0.185). Seventy-four percent of  the vari- 
ation in moisture content was attributable 
to treatment effects. The remaining varia- 
tion was associated with differences among 
the samples. 

Effect of Monochamus on B. xylophilus 
population density: The mean number  of  B. 
xylophilus (all life stages) did not differ be- 
tween treatments (F = 0.65; d f  = 1,12; P 
= 0.436). Seventy-eight percent  o f  the 
variation associated with total nematode 
density was at t r ibutable  to d i f ferences  
among samples; most of  the remainder  
was due to differences among bolts. 

The  ratio of third-stage dispersal juve- 
niles to fourth-stage dauer juvenile nema- 
todes recovered from wood samples was 
dependent  on bolt treatment according to 
chi-square analysis (X ~ = 66.37; d f  = 1; P 
= 0.0001). The mean number  of third- 
stage dispersal juveniles did not differ be- 
tween treatments (F = 2.17; d f  = 1,624; P 
= 0.141) (Table 1). Fourth-stage dauer ju-  
venile density was higher in beetle-infested 
bolts than in the noninfested bolts (F = 
3.91; d f  = 1,624; P = 0.048). Eighty-one 
of  311 wood samples from beetle-infested 
bolts contained dauer juveniles. In com- 
parison, only three of  315 wood samples 
taken from nonbeetle-infested bolts con- 
tained dauer juveniles. Two samples came 
from the same bolt and contained 1 and 2 
dauer  juveniles, respectively. The  third 
sample, taken from a different bolt, con- 
rained 20. 

B. xylophilus association with Monocha- 
mus life stages: B. xylophilus density (all life 
stages) differed significantly among wood 
samples taken adjacent to galleries con- 
ta in ing bee t le  larvae,  p u p a e ,  t enera l  
adults, and samples not adjacent to insect 
activity (F = 9.97; d f  = 3,353; P = 
0.0001). Nematode densities in wood sam- 
ples adjacent to beetle larvae, pupae, and 
teneral  adults  were each significantly 
higher than those in the nonadjacent sam- 
ples (Table 2). Wood samples taken adja- 
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TABLE 1. Mean n u m b e r  ofBursaphelenchus xylophilus third-stage dispersal juveniles and fourth-s tage dauer  
juveni les  in wood samples taken f rom Scots p ine  bolts infested with and not  infested with Monochamus 
carolinensis. 

No. samples 

Bolt treatment Total With nematodes Meant SD 

All nematode  life stages 
Beet le- infested 311 276 59.59 a 248.65 
Unin fes t ed  315 279 52.25 a 98.99 

Third-s tage dispersal juveniles  
Beet le- infested 311 241 21.48 a 79.00 
Unin fes t ed  315 268 29.93 a 63.83 

Fourth-s tage dauer  juveniles 
Beet le- infested 311 81 21,61 a 193.32 
Uninfes ted  315 3 0,07 b 1.13 

4- Means within a nematode life-stage followed by the same letter are not significantly different according to analysis of 
variance (P <~ 0.05). 

cent to beetle larvae had the lowest mean 
nematode density, followed by samples ad- 
jacent to teneral adults and pupae; how- 
ever, these differences were not signifi- 
cant. 

There  was no difference in the density 
of  third-stage dispersal juveniles versus 
fourth-stage dauer juveniles in the wood 
adjacent to galleries containing M. carolin- 
ensis larvae or pupae (Table 3). Dauer ju- 
venile density was higher in the wood sur- 
r o u n d i n g  galleries conta in ing tenera l  
adults. Densities were similar in wood sam- 
ples from areas nonadjacent to insect ac- 
tivity but differed significantly when anal- 
ysis was conducted on the log-transformed 
data. 

Total nematode density differed among 
beede life stages (F = 28.98; d f  = 2,45; P 
= 0.0001) (Table 4). The  n u m b e r  of  
nematodes recovered was lowest on beetle 
larvae and highest on teneral adults. Indi- 
vidual larvae carried between 0 and 350 

nematodes. Pupal densities ranged from 0 
to 3,375 nematodes. The range for teneral 
adults was 200 to 30,800 nematodes per 
individual. Few third-stage dispersal juve- 
niles were recovered. More than 98% of all 
B. xylophilus recovered from the beetles 
were dauer juveniles. 

DISCUSSION 

The mechanisms that mediate the switch 
in B. xylophilus development from the re- 
productive to the dispersal pathway are 
poorly understood. Ishibashi and Kondo 
(4) noted a correlation between total B. xy- 
lophilus population density and an increase 
in the proportion of third-stage dispersals 
in laboratory fungal cultures. They sug- 
gested that this stage is the survival stage 
under conditions of  starvation. Mamiya re- 
ported that the proportion of  third-stage 
dispersal juveniles in diseased trees grad- 
ually increased as the deterioration of  the 

TABLE 2. Mean n u m b e r  of  Bursaphelenchus xylophil,us (all life stages) per  gram o f  wood in Scots pine wood 
samples taken adjacent  to and  away f rom Monochamus carolinen~is activity. 

Treatment No. wood samples MeanJ" SD 

Larval gallery 20 183.10 a 447.83 
Pupal  gallery 15 534.23 a 1074.29 
Tenera l  adult  gallery 11 350.65 a 497,11 
Nonadjacen t  311 60.15 b 242.57 

4- Means followed by the same letter did not differ significantly according to a test of least significant differences (P ~< 0.05). 
Statistical analyses were conducted on log-transformed data; raw means are reported. 
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TABLE 3. Mean number  of Bursaphelenchus xylophilus third-stage dispersal juveniles and fourth-stage dauer  
juveniles per  gram of  wood in Scots pine wood samples taken adjacent to and away from Monochamus 
carolinensis activity. 

B. xylophilus life stage No. wood samples Meant SD P > t 

Third-stage dispersal juveniles 
Fourth-stage dauer  juveniles 

Third-stage dispersal juveniles 
Fourth-stage dauer  juveniles 

Third-stage dispersal juveniles 
Fourth-stage dauer  juveniles 

Third-stage dispersal juveniles 
Fourth-stage dauer  juveniles 

Beetle larval galleries 
20 102.24 223.23 0.143 
20 73.44 212.36 

Beetle pupal galleries 
15 83.57 107.72 0.891 
15 412.62 1022.70 

Teneral  adult galleries 
11 7.69 13.12 0.034 
11 302.61 481.03 

Nonadjacent to beetle galleries 
311 21,48 79.00 0.001 
311 21.61 193.32 

t Statistical analyses were conducted on log-transformed data; raw means are reported. 

trees became advanced (14) and suggested 
that depletion of food reserves, low tem- 
perature, or moisture content of  the wood 
could be important (15). Low temperature 
was not a factor in the present study, as all 
bolts were held at 27 C for the duration of 
the experiment. As moisture content of  
wood samples in the present study de- 
creased, the proportion of  third-stage dis- 
persaljuveniles in the total nematode pop- 
ulation increased. Similar relationships 
have been described by Tomminen et al. 
(19) in pine chips and Suzuki and Kiyo- 
hara (18) in pine seedlings. We cannot de- 
termine from the present study whether 

TABLE 4. Mean number  of Bursaphelench,us xylo- 
philus r e c o v e r e d  f rom Monochamus carolinensis 
fife stages. 

Beetle life stage No. samples Meant SD 

All nematode life stages 
Larva 22 30.86 a 81.57 
Pupa 14 1676,57 b 4452.90 
Teneral  adult 12 6915.25 c 9304.47 

Third-stage dispersal juveniles 
Larva 22 2.18 a 6.46 
Pupa 14 31.93 a 73.03 
Teneral  adult 12 33.50 a 71.66 

Fourth-stage dauer  juveniles 
Larva 22 25.32 a 68.60 
Pupa 14 1619.50 a 4308.20 
Teneral  adult  12 6858.42 b 9327.31 

t Means within a nematode life stage followed by the same 
letter did not differ significantly according to a Student- 
Newman-Keuls test (P ~ 0.05). Statistical analyses were con- 
ducted on log-transformed data; raw means are reported. 

formation of third-stage dispersal juve- 
niles was influenced directly by decreasing 
moisture content in the wood or indirectly 
by a secondary process. For example, food 
quantity (fungal growth) may be related to 
moisture content of the wood and could 
influence third-stage dispersal juvenile 
formation. The present  study indicates 
that the presence of insects is not necessary 
for third-stage dispersal juvenile forma- 
tion. 

Total B. xylophilus population density 
was not affected by the presence or ab- 
sence of M. carolinensis in experimental  
bolts. The  density of third-stage dispersal 
juveniles was likewise not affected. Forma- 
tion of B. xylophilus dauer  juveniles has 
been thought to occur exclusively in the 
presence of an insect vector (15). Tommi- 
nen et al. (19) recently reported dauer ju- 
venile formation in insect-free wood chips 
subjected to various incubation tempera- 
tures, but the number  of  dauer  juveniles 
never exceeded 5% of the total population. 
Kiyohara and Bolla (5) reported dauer  ju- 
veniles to compose 8 to 18% of  the total 
nematode population on cultures of  B. ci- 
nerea and glycerol. In the present study, M. 
carolinensis had a dramatic effect on the 
formation of dauer juveniles in pine bolts. 
A total of  only 23 dauer  juveniles was col- 
lected from 315 wood samples taken from 
beetle-free bolts--less than 1% of the total 
B. xylophilus population density of those 
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samples. Dauer juvenile density was signif- 
icantly higher in wood samples from bee- 
tle-infested bolts. The dauerjuvenile  stage 
is transported by insect vectors (9); thus, 
formation of  this stage is essential if suc- 
cessful invasion of  a new host tree is to 
occur. In a previous study (10), four spe- 
cies of wood-boring cerambycids were re- 
covered upon emergence from pines nat- 
urally infested by B. xylophilus. Monochamus 
carolinensis adults carried a mean of  19,152 
B. xylophilus; the other cerambycids aver- 
aged fewer than 300. Similar results were 
reported by Mamiya (15) and Wingfield 
and Blanchette (21). This suggests that a 
Monochamus-specific compound,  produced 
during beetle development, initiates dauer  
juvenile formation or is attractive to dauer 
juveni les  within the wood of  infested 
pines. 

Bursaphelenchus xylophilus densities in 
wood adjacent to M. carolinensis larvae, pu- 
pae, and teneral adults were all greater 
than densities in nonadjacent wood sam- 
ples. Mamiya (12) documented an increase 
in nematode density around sites of  M. al- 
ternatus larval activity and a subsequent in- 
crease in sites adjacent to pupal activity. 
Bolla et al. (1) and Miyazaki et al. (22) have 
demonst ra ted  B. xylophilus attraction to 
lipid extracts of  fourth instar and adult 
Monochamus, respectively. Kobayashi et al. 
(6) reported that fungi within the genera 
Ophiostoma and Verticicladiella were found 
in the larval galleries and pupal chambers 
of  developing M. alternatus. Dauer juve- 
niles climb the long perithecial neck of  
blue stain fungi located within the pupal 
chamber of  M. alternatus before moving to 
newly formed adult  beetles (15). These 
fungal  concentrat ions could provide a 
food source that supports high nematode 
densi t ies  and facilitates m o v e m e n t  o f  
dauer juveniles onto their insect vectors. 

Ishibashi and Kondo (4) reported that 
87% of  the B. xylophilus collected from M. 
alternatus larval galleries were third-stage 
dispersal juveniles. This proport ion de- 
creased through pupal  development  to 
only 1.2% of  the population in adult beetle 
galleries. In contrast, dauer juvenile pop- 

ulation percentage increased from 11.5 to 
98.8%. Similar patterns were found in the 
present study. Third-stage dispersal den- 
sity decreased from 55.8% of the total B. 
xylophilus population in wood surrounding 
M. carolinensis larval galleries to 2.2% of 
the population surrounding galleries with 
teneral adults. The dauer juvenile compo- 
nent increased from 40.1% to 86.3%. 

Mamiya (15) recovered dauer juveniles 
from teneral adults but not larvae or pu- 
pae of  M. alternatus extracted from B. xylo- 
philus-infested wood. We recovered both 
dispersal stages of  the nematode from M. 
carolinensis larvae, pupae ,  and teneral  
adults, although the numbers recovered 
from larvae were very low. While a few 
third-stage dispersals were recovered from 
macerated beetles, over 98% of all nema- 
tode recovered  f rom the beetles were 
dauer juveniles. 

Dauer juvenile movement  onto imma- 
ture stages of  the beetle is nonproductive 
because the exoskeleton (including the tra- 
cheal system, which is an invagination of  
the exoskeleton) is shed during each beetle 
molt (2). Therefore,  only dauer juveniles 
that move onto beetles after adult eclosion 
are assured of  t ranspor t  as the beetle 
emerges from the tree in which it devel- 
oped. Twelve of  14 pupae examined in 
this study were surrounded by wood con- 
taining dauer  juveniles. Of  these, eight 
carried dauer juveniles; five carried fewer 
than 120, but two individuals carried more 
than 7,000 and 14,000, respectively. Such 
high numbers suggest that dauer juvenile 
movement  onto pupae is not random. The 
fate of these nematodes during beetle eclo- 
sion is not known. 

The within-wood development of  B. xy- 
lophilus was affected by abiotic and biotic 
factors. We feel that decay processes initi- 
ated by the death of  the host tree regulate 
the association between the nematode and 
the beetle it depends on for transport to 
new hosts. Adult Monochamus beetles are 
attracted to dying pines for mating and 
oviposition. With the death of  the tree, the 
moisture content of  the phloem and xylem 
tissues begins to decrease. This decrease 
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r e g u l a t e s  t h e  t i m i n g  o f  b e e t l e  a n d  n e m a -  
t o d e  d e v e l o p m e n t  a n d  acts  to  s y n c h r o n i z e  
t h e i r  a s s o c i a t i o n .  B e e t l e s  m u s t  o v i p o s t  
wh i l e  t h e  p h l o e m  is m o i s t  a n d  su i t ab l e  as a 
f o o d  r e s o u r c e  f o r  t h e i r  p r o g e n y .  B. xylo- 
philus i n t r o d u c e d  t h r o u g h  bee t l e  f e e d i n g  
(9,11) o r  o v i p o s i t i o n  w o u n d s  (3) r e p r o d u c e  
whi le  t h e  m o i s t u r e  c o n t e n t  o f  t h e  x y l e m  is 
su i t ab l e  a n d  t h e n  swi tch  to  t h e  d i s p e r s a l  
p a t h w a y  as  t h e  m o i s t u r e  c o n t e n t  d r o p s .  
T h e  d e c r e a s e  in  m o i s t u r e  c o n t e n t  co in -  
c ides  wi th  t h e  d e v e l o p m e n t  o f  t h e  bee t l e ,  
so t h a t  t h i r d - s t a g e  d i s p e r s a l  j u v e n i l e s  a r e  
p r e s e n t  d u r i n g  b e e t l e  p u p a l  f o r m a t i o n  a n d  
a d u l t  ec los ion .  W e  be l i eve  t ha t  a c h e m i c a l  
c o m p o u n d  a s s o c i a t e d  wi th  Monochamus p u -  
p a t i o n  o r  a d u l t  e c lo s ion  m e d i a t e s  B. xylo- 
philus d a u e r j u v e n i l e  f o r m a t i o n .  O t h e r  spe -  
cies o f  s u b c o r t i c a l  insec ts  (10) m a y  n o t  p r o -  
d u c e  this  c o m p o u n d ,  t h u s  l i m i t i n g  t h e i r  
a s s o c i a t i o n  wi th  B. xylophilus. 
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