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The effect of the presence of beetle adults (Monochamus galloprovincialis,
Acanthocinus aedilis, Rhagium inquisitor and Hylobius abietis) in Scots pine
wood chips on the occurrence of the third (Ly;) and the fourth (L) dispersal
stage of the nematode Bursaphelenchus mucronatus was studied. Possible in-
festation of the beetles with Ly of the nematode while being in close contact
with the pine chips was also explored. Adults of M. galloprovincialis and A.
aedilis contributed to B. mucronatus Ly formation in the chips. Callow adults
of M. galloprovincialis were more efficient elicitors of moulting of L; into Ly
than emerged beetles of the same species. Only M. galloprovincialis adults
became infested with Ly callow beetles containing more nematodes than
emerged beetles.
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1. Introduction

The nematode, Bursaphelenchus mucronatus
Mamiya & Enda 1979, a close relative of the
pinewood nematode, B. xylophilus (Steiner &
Buhrer 1934), that has been found to kill pine
trees in Japan, China (Mamiya 1984, 1987) and
the United States of America (Dropkin et al.
1981, Dropkin & Linit 1982, Kondo et al. 1982),
is widely distributed in Japan (Mamiya & Enda
1979), China (Mamiya 1987) and Europe (De
Guiran & Boulbria 1986, McNamara & Stgen
1988, Magnusson & Schroeder 1989, Tomminen
et al. 1989). Extensive pine mortality has not
been associated with B. mucronatus but it ap-

pears to be of minor importance as a tree patho-
gen (Mamiya & Enda 1979, Tamura 1984). The
reproduction and dispersal biology of the two
species are more or less identical (Mamiya &
Enda 1979). B. mucronatus and B. xylophilus are
transmitted to new feeding grounds by beetle
vectors, i.e. pine sawyers (Monochamus spp.,
Cerambycidae) serving as primary carriers in all
regions where vector aspect has been studied
(Mamiya & Enda 1972, Linit et al. 1983, Wing-
field & Blanchette 1983, Carling 1984, Kinn
1986, Magnusson & Schroeder 1989, Tomminen
1990).

B. xylophilus and B. mucronatus are known to
possess two alternative life cycles called propa-
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gative and dispersal cycles (Ishibashi & Kondo
1977, Mamiya & Enda 1979, Wingfield et al.
1982). The former consists of an egg stage fol-
lowed by four larval stages preceding adults of
both sexes. The latter differs from the propagative
cycle in having replaced the third and the fourth
larval stage by stages designated as the third
dispersal stage (Ly;) and fourth dispersal stage
(dauerlarva) (Ly). Both of these dispersal stages
are specialized stages; the former to surviving
adverse living conditions such as drought, star-
vation and cold, thus being defined as a resting
stage, and the latter to being transmitted to new
feeding sources inside the tracheae of beetle
vectors (Ishibashi & Kondo 1977, Kondo &
Ishibashi 1978, Mamiya 1983).

The proportion of Ly in populations living in
diseased or dead trees gradually increases with
the deterioration of the trees (Mamiya 1983). In
the winter and early spring the stage predominates
in the populations in both species of Bursa-
phelenchus (Mamiya 1984, author unpubl.). The
moulting of Ly; in water into L,, has been shown
to be related to the developmental stages of the
beetle vectors at the extraction time of the nema-
todes (Ishibashi & Kondo 1977). It has also been
demonstrated that B. xylophilus L,, formation can
be attributed to certain variations in the incubation
temperature under the circumstances where bee-
tle vectors have not been available to the nema-
todes (Tomminen et al. 1988, Tomminen & Akar
1990). During the winter and spring in Japan, L
aggregate around the pupal chambers of their
vector beetle Monochamus alternatus Hope and
later in spring, coinciding with the time of pupa-
tion of M. alternatus, Ly, start moulting into Ly
(Mamiya 1983). Pine wood tissues and their
extractives have been reported to possess qualities
that promote moulting of B. xylophilus L, into
adults (Mamiya 1983).

The main objective of this study was to de-
termine the impact of beetle adult presence on
the total population number and the occurrence
of dispersal stages of Bursaphelenchus mucro-
natus in pine chips. Also examined was whether
Ly, if induced in the chips, would go into the
beetles from the chips and if the age of the beetle
adult would be of significance to the occurrence
of the dispersal stages in chips as well as to their
movement into the beetles.

2. Material and methods

2.1. Establishment of nematode populations
in pine chips

The pine chips in the study were produced from
young healthy Pinus sylvestris L. trees (trees had
been felled in late May and early June) growing
in Tuusula, in southern Finland. The chips were
stored in a freezer at —20°C and thawn out shortly
before they were used.

The nematode populations in the chips were
established by inoculating 200 g (fresh weight)
of chips in sealable plastic bags with approxi-
mately 200 nematodes each. Two different geo-
graphic isolates of B. mucronatus were used in
inoculations: Isolate I (Muddusjérvi, Finland,
69°02’N, 27°03’E) and Isolate II (Enontekid,
Finland, 68°24'N, 23°36’E). Both isolates were
originally cxtracted from Monochamus infested
round pine logs and since they were both of
northern origin they were thought to respond
similarly enough to the study treatments, thus
making it unnecessary to treat them separately.
During the course of the experiment fungi, in-
cluding Graphium sp., established growth on the
chips. However, a thorough fungal determination
was not conducted.

The pine chips used in the study were divided
into 5 treatments according to their history of
incubation following the nematode inoculations
(Chip incubations):

I incubation at room temperature (20-25°C)
for 5 months;

I incubation at room temperature for 6 months;

IIT incubation at room temperature for 12 months;

IV incubation at room temperature for 5 months,
moved to refrigerator at 3°C for 20 days fol-
lowed by incubation at room temperature for
7 days;

V' Same as IV with the exception of the incuba-
tion at room temperature following the cold
treatment in the refrigerator lasting 22-27
days.

Treatments I-IIT will be cited as room treatment
and IV-V as cold treatment later in the text.

The reason for the classification above was
the variation in the timing of the availability of
given beetle adults. In some cases during the
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statistical analysis of the study data some chip
classes were combined for analytical purposes
due to the lack of statistical differences in the
parameter values under comparison. Where such
combinations were performed this will be dis-
tinctly stated in the results section.

2.2. Beetles

Four different species of conifer beetles were
included in the study, all having a common and
widespread occurrence in Finland: Monochamus
galloprovincialis (Olivier), Acanthocinus aedilis
(L.), Rhagium inquisitor (L.) and Hylobius abietis
L. The first three species are members of the
family Cerambycidae, M. galloprovincialis and A.
aedilis of the subfamily Lamiinae and R. in-
quisitor of the subfamily Lepturinae, while the
last one belongs to the family Curculionidae. M.
galloprovincialis pine sawyers were reared (0o
adults in the laboratory in Scots pine bolts. A
portion of these beetles was removed from their
pupal chambers prior to their emergence and cor-
respondingly classified as callow adults character-
ized by their soft cuticle and its light brown colour.
In contrast, already emerged pine sawyer adults
were grouped as emerged adults possessing a
hardened dark-coloured cuticle (the post-emergence
age for these beetles was not determined).

All the other beetle species were field-col-
lected from several locations in southern Finland
during the peak swarming season of each species.
The main collection sites were: Tuusula 60°21’N,
25°04'E; Mintséld, 60°37°N, 25°17’E; Haarajoki
60°31’N, 25°11’E and Savijoki, 60°40’'N,
25°33’E. Sexes were treated separately in M.
galloprovincialis and A. aedilis.

2.3. Beetle-nematode association

Beetles were placed in small cylindrical plastic
jars (diameter of the bottom and the top = 53
mm, height = 90 mm, volume = 198 cm?) one
beetle per jar with small amount of pine chips
from one of the five chip incubations containing
nematodes of the species B. mucronatus. The jars
were sealed with plastic caps to prevent the bee-
tles from escaping. The jars were periodically
agitated to force the beetles into close contact

with the chips. A control jar with chips of the
corresponding treatment was established for each
beetle jar. For each beetle used in the study one
beetle of the same species originating from the
same source was extracted as a control to deter-
mine the initial level of B. mucronatus Ly, infes-
tation in the beetles.

The beetle jars and their respective control
jars were kept at room temperature (21-24°C)
for a varying number of hours classified as follows
(Jar incubations):

Less than 101 h
101-200 hours
201-300 hours and
exceeding 300 h.

g

Subsequently, the beetles were removed from
the jars, at the latest on the first day they were
found dead, and cut into 3—4 pieces to facilitate
the nematode departure from the tracheae or other
parts of the internal structures during the extrac-
tion. For extraction purposes the pieces of the
beetles wrapped in single-layer paper towel tissue
were submerged in tap water (initial temperature
roughly 30°C, extraction at room temperature) in
test tubes for 48 hours followed by disposal of
the beetle remains and examination of the tube
water for nematodes. L,y of B. mucronatus were
counted and a portion was cultured either on
Botrytis cinerea Pers. or Scots pine chips to ob-
tain adults for identification.

The pine chips in the beetle jars and the con-
trol jars were extracted upon the removal of the
beetles. The extraction procedure was as follows:
the jar was filled with tap water and subsequently
stored at room temperature for 48 hours. Upon
the completion of the extraction time the chips
were removed and placed in a heating oven at
95°C for 3—4 days for assessment of the dry
weight of wood. The nematodes in the jars were
counted and a portion was individually picked
(50-60, rarely less, depending on the availability
of the nematodes in a given sample) for deter-
mining the percentage of the total nematode
population in the following life stages:

1. third dispersal stage (L;) and
2. fourth dispersal stage (L,y) (dauerlarva).

Ly is characterized by its comparatively large
size, relatively thick cuticle, and a dense accu-
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mulation of granules in the intestinal cells (Mamiya
& Enda 1979, Kondo & Ishibashi 1978). In respect
of the Finnish B. mucronatus the tip of its tail, re-
gardless of the future sex, is strongly mucronated,
being identical to the female tail (author unpubl.).
L,y lacks any visible internal structures in the ante-
rior part of its body including stylet and oesophagus
and it has a clearly dome-shaped head and strongly
mucronated tail (Mamiya & Enda 1979, Kondo &
Ishibashi 1978, author unpubl.).

2.4. Statistical analyses

Analysis of variance and Brown-Forsythe or
Welch (variances not equal) analysis of variance
were used to determine the statistically significant
differences (P < 0.05) among the data that were
normally distributed. In some cases transforma-
tions were applied to the data to obtain or improve
the requircd normality (log transformations on
numerical data and arcsine transformations on
proportional data). When the requirements for
the normality were not gained in spite of the
transformation endeavours nonparametric analy-
sis of variance (Kruskal-Wallis) was used. The
pairwise comparisons following analysis of
variance were executed using the r-test with
pooled or separate variances. The time that bee-
tles were kept in the jars was used as a rational
variable in test Spearman rank correlation analysis
to determine correlations between the time and
the population parameters of interest.

3. Results
3.1. Monochamus galloprovincialis

M. galloprovincialis were collected from the
different chip treatments as follows:

I (2 callow and 9 emerged beetles),
II (1 callow),

IIT (3 callow and 1 emerged),

IV (no beetles) and V (5 emerged).

According to the analysis of variance the chips in
different room treatments (I, II, IIT) did not differ
in the parameter values under comparison. Thus,
all the room temperature cases were combined.
The sex of the beetle did not have any sig-
nificance in variations in numbers of L,y in the
beetles, total population number or the proportions
and numbers of dispersal stages of B. mucronatus
in the pine chips. Beetles were divided between
different incubation time classes (jar incubations)
in the following way: less than 101 hours (2
callow and 4 emerged beetles), 101-200 hours (3
callow and 5 emerged) and 201-300 hours (1
callow and 6 emerged). Incubation time, however,
did not contribute to variation in population pa-
rameters under study, thereby offering a chance
to combine the data over the incubation hours.
The total population number of B. mucronatus
in the chips was not affected by the presence of
either callow or emerged adult beetles (Table 1).
Similarly, the number of L,; was not influenced

Table 1. Occurrence of Bursaphelenchus mucronatus in Scots pine wood chips (ind. per gram dry wood, mean
and range) and beetle adults following the exposure of the chips to the presence of adult beetles. TOT = total
population number; Ly, = third dispersal stage; L, = fourth dispersal stage; % = percentage of a given develop-

mental stage in the population. — *

statistically significant at 5% level when compared to the corresponding

control group (chips without beetle presence). Room treatment chips were constantly incubated at room
temperature while cold treatment chips experienced a few days exposure to 3°C.

Beetle species TOT Liichips Liiioschips L ivehips Livoschips Livbeetle n
M. galloprovincialis
Cold treatment chips
Emerged 41 (9-129) 2 (2-77) 43 (26-60) 3 (0-8)* 8 (3-14)* - 5
Control 64 (4-208) 32 (3-160) 43 (15-77) 0.3 (0-2) 0.4 (0-2) - 16
Room treatment chips
Callow 124 (48-273) 39 (15-116) 33 (14-46)* 57 (3—-110)* 40 (6-64) 186 (0-985) 6
Emerged 103 (43-300) 51 (22-167) 48 (31-80) 14 (0-103) 11 (0-54)* 5 (0-40) 10
A. aedilis 6 (18-169) 50 (7-112) 52 (31-81) 6 (0-27) 6 (0-18) 21
R. inquisitor 49* (9-140) 22 (4-77) 38 (17-55) 1 (0-5) 5 (0-32) - 11
H. abietis 127 (35-240) 76 (29-166) 67 (34-91) 3 (0-8) 2 (0-6) - 7
Control, all beetles 94 (4-352) 55 (3-338) 52 (15-96) 2 (0-21) 2 (0-19) - 57
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by the presence of an adult beetle, whereas the
presence of the latter significantly contributed to
an increase in the number of L,y in the chips. The
proportion of Ly; in the chips was not affected by
the presence of emerged beetles but in the pres-
ence of callow beetles the percentage decreased
(room treatment chips). With callow beetles the
proportion of Ly, was conclusively higher in chips
with the beetle than in control chips. The same
situation could be seen with emerged beetles in
both chip incubation treatments, although the
difference was not as pronounced.

Adults that had prematurely been removed
from their pupal chambers (callow beetles) con-
tained more Ly than old mature beetles that had
emerged on their own (Table 1) (Kruskal-Wallis
test statistic = 4.80, P = 0.05%). Similarly, the
percentage and number of Ly in the chips were
higher in jars with callow beetles (Table 1) (P =
0.01** and 0.05%, respectively).

The frequency of beetle infestation with Ly
upon the removal of the beetles from the jars was
44% (n = 16, callow and emerged beetles com-
bined) in the room treatment of the chips, whereas
in the cold treatment of the chips none of the beetles
became contaminated (n = 5, emerged beetles)
(Table 1). None of the control beetles were infested
(n = 32), confirming that beetles used in the study
were initially free of B. mucronatus.

3.2. Acanthocinus aedilis

All the chips used originated from room treatment
I. Sex did not cause variation in the variables
under investigation, thereby allowing combina-
tions of data to be made. The incubation time did
correlate to some extent with certain variables
such as the number of Ly; per dry gram of wood
(r=0.51%) and the percentage of Ly (r=0.51%).
None of the beetles in the jars became infested
with L;, (Table 1). Similarly, all the control bee-
tles were free of B. mucronatus Ly, (n = 21).
However, some of the beetles did contain other
unidentified nematode species.

Since the incubation time affected at least
some of the variables, a separate one-way analy-
sis of variance was performed on the data inside
the different incubation time groups. In the first
group (less than 101 hours) the beetle presence
in the chip jars did not have any impact on the

total population number or the numbers and pro-
portions of dispersal stages in the chips (n = 5).
A similar situation prevailed in the second group
(101-200 hours) (n = 7). However, in the third
group (201-300 hours) (n = 9) both the number
and the percentage of L, was affected by the
presence of the beetle. The number of Ly (per dry
gram of wood) in ‘beetle chips’ (mean = 12,
range = 0-27) exceeded the one in chips without
the beetle (mean = 2, range = 0-14) (P = 0.05%).
Likewise, the proportion of L, was higher in
‘beetle chips’ (mean = 9.4%, range = 0-18) than
in the chips without the beetle (mean = 2%,
range = 0-7.5) (P = 0.05%).

3.3. Rhagium inquisitor

Only chips from the room treatment were used
and the only incubation time class represented
was 101-200 hours. There were more nematodes
in control chips than in the ‘beetle chips’ (Table
1). None of the beetles in the jars became infested
with L;y. Similarly, all the control beetles were
free of nematodes (n = 11). The presence of bee-
tle adults in the chips did not have a clear impact
on the nematode L, formation (Table 1).

3.4. Hylobius abietis

The chips used all originated from the room
treatment and the incubation time regarding all
the beetles exceeded 300 hours. The presence of
the beetles did not have any impact on any of the
variables under examination (Table 1). All the
control beetles were free of B. mucronatus Ly, (n
=7) but they contained other unidentified nema-
tode species.

4. Discussion

The only treatment where the total population
number was affected by the presence of the adult
beetles was with the species Rhagium inquisitor.
Nematode mortality occurred in the chips when
the beetles were retained among the chips. The
reason for the decline in the population number
remained unknown.
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For the most part, neither the proportion nor
the number of the third dispersal stage (Ly;) was
noted to be influenced by the presence of the
beetle adults in the chips. This may have been at
least partly due to a certain degree of inaccuracy
associated with telling the Ly, apart from the third
propagative stage (L;) using light microscopy of
400-1000 magnification. L; can also harbour high
densities of granules in their intestinal cells under
certain conditions (author unpubl.). However, in
the presence of callow Monochamus gallopro-
vincialis the proportion of Ly, clearly decreased
which may be indicative of the population pre-
paring itself to be carried away to new feeding
grounds inside their beetle vectors. This dynamic
shift should coincide with a simultaneous increase
in the proportion of L;y. This, indeed, was clearly
the case in the present study.

It has previously been shown that a culturing
of Bursaphelenchus xylophilus in pine chips at
low temperatures (3°C or 12°C) (cold treatment)
followed by an extended exposure of the chips to
high temperatures (27-30°C) will bring about
formation of the fourth dispersal stage (L) in
chips (Tomminen et al. 1988, Tomminen & Akar
1990, Tomminen et al. 1991). It has also been
suggested that the presence of the vector beetle is
imperative in stimulating L, production in B.
xylophilus populations (Ishibashi & Kondo 1977).
In Ishibashi’s and Kondo’s study L;; moulted into
L,y in water incubated at 20°C when the nema-
todes were extracted from pupal chambers of
Monochamus alternatus immediately following
the removal of the pupae and adults of the beetles
from the chambers. Ishibashi & Kondo proposed
the insect hormones to play a vital role as a
stimulus for L, generation.

In the present study it was clearly demon-
strated that the presence of adults of Monochamus
galloprovincialis and Acanthocinus aedilis in
Scots pine chips containing a nematode Bursa-
phelenchus mucronatus increases both the number
and the proportion of L;, in the nematode
populations. In the case of A. aedilis the event
seemed to become more conspicuous over time
as the only statistically significant result con-
cerned beetles that had been kept in the pine chip
jars longer than 200 hours. Beetle species of both
genera, Monochamus (Mamiya & Enda 1972,
Linit et al. 1983, Kobayashi et al. 1984, Luzzi et

al. 1984) and Acanthocinus (Kobayashi et al.
1984), the former being the most prominent and
primary vector genus of B. xylophilus in Japan
(Mamiya & Enda 1972, Kobayashi et al. 1984)
and the United States of America (Kondo et al.
1982, Linit et al. 1983) and of B. mucronatus in
Finland (Tomminen et al. 1989, Tomminen 1990),
have been found to carry Ly of B. xylophilus in the
field.

In the present study callow adults of M.
galloprovincialis that were prematurely extracted
from their pupal chambers in Scots pine logs
appeared to be more efficient in stimulating the
increase in proportion and number of L, of B.
mucronatus in chips than older beetles that had
been allowed to emerge from the logs on their
own. Based on the information obtained in the
present study it cannot be determined what kinds
of factors may have been responsible for the
differences in the L,y formation in the chips be-
tween the two beetle age classes. If the insect
hormones emitted by beetle adults govern the gen-
eration of Ly as suggested by Ishibashi & Kondo
(1977) then the result of this study indicates the
production of given types of hormones of importance
being more prolific in callow beetles. Since the
larval stages of Monochamus do not stimulate B.
xylophilus Ly; to moult into Ly (Ishibashi & Kondo
1977) the significance of CO, exhaled by different
developmental stages of the beetles appears to be of
minor importance.

The nematodes in the present study that were
referred to as having experienced the cold treat-
ment had been incubated at room temperature no
longer than 5 months prior to the cold treatment.
Consequently, the nematode populations may still
have lived in an environment capable of sustain-
ing nematode reproduction, rendering it unat-
tractive for the propagative second stages (L,) to
moult in massive numbers into L. This was
further supported by the tendency of the total
population number to be higher in wood chips
that had continuously been incubated at room
temperature as compared to the chips with the
cold treatment in their history of incubation.
Apparently the cold treatment halted the potential
reproduction which continued in the chips main-
tained constantly at room temperature. At the
low temperature of the cold treatment (3°C) all
the nematode activity is very likely reduced to a
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minimum (Mamiya 1975). Since the previous
studies have demonstrated cold treatment alone
without the beetle presence affecting B. xylophilus
populations by increasing the number and pro-
portion of Ly, both of these factors (beetle pres-
ence and cold treatment) seem to be involved in
the process.

Although a similar increasing trend of the
proportion of Ly was seen in the chips with adults
of Rhagium inquisitor, the effect was not as ap-
parent as with the two other cerambycid beetles
in the study. However, the presence of Hylobius
abietis in the nematode-infested chips did not
precipitate any variation in the proportions and
numbers of the dispersal stages of B. mucronatus.
As the significance of these species as vectors of
B. mucronatus seem to be of minor importance
(Tomminen 1990) the result is not unexpected.

Adults of M. galloprovincialis were the only
beetles that became infested with B. mucronatus
Ly in this study. The average number of L, was
higher in callow adults than in emerged beetles.
Under natural conditions, beetle adults of Mono-
chamus linger inside their pupal chambers for
several days prior to their emergence (Saalas
1923, 1949, Pershing & Linit 1986, Linit 1988).
Similarly, Pershing & Linit (1986) have observed
that immediately after eclosion of Monochamus
carolinensis (Olivier) reared on an artificial diet in
the laboratory the adult’s integument is soft and
light in colour. According to Pershing & Linit,
adult activity is not initiated until after several days
during which the exoskeleton sclerotizes. The
sclerotization may play a role in making it less
attractive (chemical effect) or more difficult (struc-
tural effect) for the nematodes to enter the beetle’s
tracheae. However, the higher numbers of Ly in
the callow beetles may simply have been a direct
result of the higher than average density of Ly in
the chips with callow beetles. Thus, the age of
the beetle per se may not be so crucial in deter-
mining the prospective infestation level of the
beetles but rather it might affect the initial density
of Ly in the chips and in so doing indirectly
contribute to high numbers of L,y in the beetle’s
tracheae. There are still other factors that may
play a role, such as the type of insect hormone
emitted by a given beetle (chemical determinant),
the amount of CO, exhaled by the beetle (che-
mical determinant), and the anatomical structure

of the spiracles or tracheae of the beetle (struc-
tural determinant). It has been demonstrated that
CO, attracts the B. xylophilus L, to move into the
tracheae of M. alternatus (Miyazaki et al. 1978a,b,
Ikeda et al. 1981) and some unsaturated fatty
acids isolated from the beetles, their excretions
and the pupal cell wall seem to cause B. xylophilus
aggregation to the pupal cell of the sawyer (Miya-
zaki et al. 1977a, b, Ikeda et al. 1981). It has also
been shown that homogenates of, and lipid ex-
tracts from, 4th instar larvae of Monochamus
carolinensis possessed qualities of an attractive
nature to B. xylophilus from Scots pine (Bolla et
al. 1989). Carbon dioxide has been shown to aid
in the host finding of the infective stage juveniles
of Neoaplectana carpocapsae Weiser (Gaugler
et al. 1980). Furthermore, the dauer larvae of N.
carpocapsae have been found to exhibit strong
attraction of a chemical nature to the larvae or
faeces of several insects (Schmidt & All 1978,
1979). In a study by Tomminen & Akar (1990)
emerged Monochamus scutellatus (Say) pine
sawyer adults became infested with L;, of B.
xylophilus when the beetles were kept in glass
jars with nematode-infested pine chips (mean =
21, n=8). In the same study Rhagium inquisitor,
Asemum striatum L. (Cerambycidae) and Hylo-
bius pales (Herbst) also became infested with Ly,
of B. xylophilus but the averages were very low.
Linit et al. (1983) found L, of B. xylophilus
from field-collected H. pales, the highest num-
bers per beetle not exceeding 300. Their obser-
vation provides sound evidence that under cer-
tain circumstances this curculionid is also capable
of obtaining L,y in its tracheae.

Since the origin and incubation history of the
pine chips used in the study were highly variable
between the beetle species no definite compari-
sons could be made between the species. At any
rate, the results do indicate M. galloprovincialis
as being of the greatest significance among the
beetle species tested in the regulation of B.
mucronatus dispersal stages in the chips. The
fact that A. aedilis also had an impact on the
proportion L;y in the chips does indicate the spe-
cies’ potential as a carrier of B. mucronatus, re-
gardless of the negative result in respect of the
contamination of the beetle itself. Callow adults
were not tested and had they been included in the
study the result may have been different.
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The results of the present study invariably
support the idea of the pine sawyer genus Mono-
chamus being the most important beetle vector
group for B. mucronatus in Finland. The role of
the other beetles in the study as vectors for the
nematode seems to be of minor importance. It
should be remembered, however, that all the other
beetles tested were mature and the inclusion of
callow adults may have enhanced the chance of
obtaining higher densities of L,,. The observa-
tion of field-collected H. pales adults being in-
fested with L,y of B. xylophilus in the United
States (Linit et al. 1983) may well be explained
by the fact that those beetles almost without a
doubt had come into contact with the nematodes
inside their pupal chambers prior to their emer-
gence. Thus, the curculionids were still callow
soft-bodied adults at the time of the encounter.
Even if A. aedilis and R. inquisitor do not act as
noteworthy vectors for B. mucronatus in the field,
these cerambycids do exhibit qualities making
them potential candidates in spreading the
nematode from contaminated pine chips closer
to the oviposition points of the beetles.
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