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Spruce windfalls and cambioxylophagous fauna in an area
with the basic and outbreak state of Ips typographus (L.)
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ABSTRACT: In spruce windfalls incurred in the autumn and winter season the synusia of cambioxylophagous fauna was
evaluated in the profile of a whole stem and crown branches according to the species spectrum, tree cover and intensity
of attack. The fauna of windfalls in the area with the basic level of Ips typographus (L.) and in the gradation area differed
by species diversity. In the gradation area, frequency of the occurrence of Ips typographus (L.) was higher by 20-40%.
Pityogenes chalcographus (L.) showed decreased stem cover in the gradation area. In the area with the basic state of
Ips typographus (L.), windfalls were intensively colonized by secondary species Hylurgops palliatus (Gyll.), Isarthron
fuscum (Fabr.), Monochamus sp. With the increasing dbh (diameter at breast height) of windfalls the colonization of
stems by Ips typographus (L.) was positively affected, Hylurgops palliatus (Gyll.), Isarthron fuscum (Fabr.), Polygraphus
poligraphus (L.) responded the other way round.
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Spruce windfalls incurred annually in a different
extent make possible the reproduction of cambi-
oxylophages and subsequent threat to living trees
(BAKKE 1989; WESLIEN, SCHROTER 1997; SCHROTER
et al. 1998; PELTONEN 1999b; WERMELINGER et al.
2002; HEDGREN et al. 2003). Even at the decreased
population density Ips typographus (L.) is able to
overcome heavily disturbed defensive mechanism of
windfalls (MuLocK, CHRISTIANSEN 1986). However,
it can be later affected by intense intraspecific and
interspecific competition (ANDERBRANT 1990).

Attractiveness and availability of a windthrow
incurred in the course of winter are particularly
limited by the phloem quality and the procedure of
its wilting. Unprocessed windfalls can be invaded
throughout the growing season but also in the
next year (ButoviTtscH 1971; ANNILA, PETAISTO

1978; GOTHLIN et al. 2000; ERIKSSON et al. 2005).
The cover of stems by feeding marks is higher at
localities with the smaller concentration of windfalls
(ERIKSSON et al. 2005). The attractiveness of sites
increases with the extent of windbreak areas where
the high production of volatile affects the aggregation
of I typographus (AUSTARA et al. 1986; LINDELOW,
RISBERG 1992; FRANKLIN et al. 2000). Thus, mixed
stands are of lower attractiveness. SCHRODER and
LINDELOW (2002) determined significant correlation
between the extent of windbreak and the number of
standing trees killed by L. typographus.

The rate of attack of windfall wood is related to the
density of population before the origin of a windbreak
and on the regional and local heterogeneity of site
conditions (MARTIKAINEN et al. 1999; NAGELEISEN
2001; ErikssoN et al. 2005). Windbreaks are
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preferred on open and insolated places, along stand
margins where the rate of phloem wilting influences
the intensity of invasion, the rate of the development
of I typographus or the competition environment
with other species (GOTHLIN et al. 2000; JAKUS 1998;
PELTONEN 1999a).

The aim of the paper is to complete missing data
on the cambioxylophagous fauna of windfalls, its
proportion in the stem profile and crown branches
and the progress of invasion on spruce windfalls
in areas with the basic and gradation level of
L typographus.

METHODS

In the area of the Beskids (Forest Districts Ostravice
and Ujsoly), windfalls (211) which originated during
one event in October 2002 and November 2004
were analyzed in consequential spring (June) and
summer (September) aspects in 2003 and 2005. Each
of the windfalls was characterized by mensurational
parameters (diameter at breast height — dbh, crown
length, crown height), health condition (drying up
of phloem, rate of foliage), position in a stand (open
area, stand shelter). Characteristics of particular
stands result from data of forest management plans
and include information on the stand age, altitude,
aspect, stocking, species composition, forest type
group and other information specifying site and
stand conditions. Differentiated population density of
L typographus occurring in Forest District Ostravice
in the basic state and in Forest District Ujsoly in the
outbreak state is considered to be critical.

The occurrence of particular cambioxylophagous
species was determined after barking the stem
and branches in the whole windfall profile. In
consequential one-meter sections following
parameters were determined: cambioxylophagous
species, developmental stage, the rate of attack
(scattered — sporadic occurrence of feeding marks,
increased — feeding marks occupy 1/3-2/3 of the
section or branch surface, heavy — feeding marks
occur on more than 2/3 of the section or branch
surface) (KuLA, ZABECKI 1996).

Frequency of the occurrence of particular cambio-
xylophagous species was expressed by the percentage
of the number of trees attacked by the given
species on a stem and branches of the total number
of analyzed windfalls not distinguishing place,
extent and the degree of damage separately for the
gradation area and the basic state area. The average
extent of using the available profile and the degree
of attack of a tree or branches was expressed by
the percentage extent of the sum of lengths of stem
and crown profiles attacked by the given species in
relation to the total length of stems and crowns of
all analyzed windfalls.

Description of the area of study

Forest District Ostravice

Spruce stands under evaluation are part of selected
points of a 1 x 1 km monitoring network of the
Sance reservoir basin (altitude 550-850 m a.s.l.,
balanced proportion of aspects, mostly on steep
slopes 15-25 degrees), mean annual temperatures
4-7°C, total annual precipitation 700—1,000 mm. In
spite of the occurrence of windbreaks (2001-2004)
(Table 1) cambioxylophages remain in the basic state
in the area for a long time and in the past 50 years,
bark beetle gradations did not occur there.

Forest District Ujsoly

The gradation area of I. typographus of the Beskid
Zywiecki is characterized by the decreasing stability
of spruce stands where incidental felling induced by
bark beetles represents 51-95%. In 2001 to 2004,
incidental felling reached gradually 25,031; 31,436;
56,655 and 84,316 m? (Table 2). The dominant
proportion of spruce (94.12%) mainly at altitudes
485-1,100 m a.s.l. is characterized by mean annual
temperatures 4—7°C, total annual precipitation
700-1,400 mm.

RESULTS

Spruce windfalls incurred by the effect of abiotic
harmful factors (snow — X. 2002, wind — XI. 2004)

Table 1. The extent of salvage felling in the area of Forest District Ostravice (2001-2004)

Salvage felling (m?)
Year
natural disasters insect pests other Sa

2001 21,254 340 1,434 23,028

2002 57,356 169 3,711 61,236

2003 48,022 979 4,744 53,745

2004 22,397 203 2,375 24,975
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Table 2. The amount of salvage felling and felling induced by
L typographus attack in Forest District Ujsoly (1993-2004)

Coniferous salvage felling (m?)

Year

total bark beetles (%)
1993/1994 27,961 18,197 65
1994/1995 36,770 19,144 52
1995/1996 38,840 22,030 57
1996/1997 38,686 19,872 51
1997/1998 44,882 27,095 60
1998/1999 54,881 26,445 48
1999/2000 47,110 26,985 57
2000/2001 36,826 25,031 68
2001/2002 43,565 31,436 72
2002/2003 83,671 56,655 68
2003/2004: 88,987 84,316 95

became an available area for the development of
cambioxylophagous fauna in the consequential
growing season. In Forest District Ostravice,
133 (82 + 51) windfalls were analyzed in the spring
and summer season and in Forest District Ujsoly
78 (41 + 37) windfalls.

The cambioxylophage fauna of windfalls
out of the gradation area

Of 18 cambioxylophagous species registered on
windfalls some 10 species were confirmed in the
spring aspect while 18 species in the summer aspect.
The highest occurrence was noted in Pityogenes
chalcographus (L.) (95.1%) and I typographus (75.6%)
in spring. In one third of windfalls, Ips amitinus
(Eichh.) (34.1%) and Hylurgops palliatus (Gyll.)
(32.9%) were noted. Xyloterus lineatus (Ol.) attacked
windfalls (17.1%) in the spring season (Table 3).

In the summer aspect, following economically
important species occurred: P chalcographus

Table 3. The frequency of the attack of windfall stems by cambioxylophages in an area with the various population density of

L typographus

Outside outbreak (%) Outbreak (%)

Species/frequency - -

spring summer spring summer
Cryphalus abietis 5.88
Dryocoetes autographus 1.22 23.53 8.11
Hylastes ater 3.92
Hylocoetes dermestoides 1.96
Hylurgops glabratus 1.96
Hylurgops palliatus 32.93 47.06 19.51
Ips amitinus 34.15 33.33 68.29 13.51
Ips typographus 75.61 56.86 100.00 94.59
Isarthron fuscum 1.22 62.75
Monochamus sp. 1.22 54.90 2.70
Pissodes harcyniae 5.88
Pissodes scabricollis 11.76
Pityogenes chalcographus 95.12 62.75 92.68 64.86
Pityophthorus pityographus 4.88 15.69 2.44 86.49
Pogonocherus fasciculatus 1.96
Polygraphus poligraphus 27.45
Rhagium sp. 1.22 1.96 2.70
Xyloterus lineatus 17.07 1.96 2.44
Total of windfall stems 82 51 41 37
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Table 4. The windfall stem cover by cambioxylophages in the spring and summer aspect in an area with various population

density of I typographus

Outside outbreak (%)

Outbreak (%)

Species/cover - -

spring summer spring summer
Cryphalus abietis 3.61
Dryocoetes autographus 2.70 29.69 8.62
Hylastes ater 7.94
Hylocoetes dermestoides 21.62
Hylurgops glabratus 5.41
Hylurgops palliatus 41.69 35.28 21.15
Ips amitinus 11.44 8.41 18.76 9.41
Ips typographus 38.83 46.88 60.06 64.57
Isarthron fuscum 3.13 19.30 6.67
Monochamus sp. 31.25 37.13 27.72
Pissodes harcyniae 18.39
Pissodes scabricollis 16.58
Pityogenes chalcographus 34.35 47.82 22.41 27.46
Pityophthorus pityographus 7.19 6.42 18.92
Pogonocherus fasciculatus 0.27
Polygraphus poligraphus 28.91
Rhagium sp. 6.25 3.23 571
Xyloterus lineatus 45.81 86.49 62.86

(62.7%), I typographus (56.9%), I. amitinus (33.3%),
Polygraphus poligraphus (L.) (27.5%). At the same
time, the high proportion of secondary species was
noted [Isarthron fuscum (Fabr.) 62.8%, Monochamus
sp. 54.9%, H. palliatus 47.1%, Dryocoetes autographus
(Ratz.) 23.5%] which, however, did not threaten
standing trees even under outbreaks. Low frequency
was noted in members of the genera of Pissodes and
Pityographus (Table 3).

In some species, the stem cover of windfalls deviated
from usual ecological requirements. X. lineatus
attacked the longer profile of a stem (45.8%) climbing
up to the undercrown section, thus occurring vir-
tually in the whole stem profile under the crown.
I typographus and P. chalcographus show the same
cover of the windfall profile which was lower in the
spring aspect than in the summer aspect (38.8—46.9%
and 34.4-47.8%). Similar response appeared also in
later swarming species (D. autographus 2.8 x 29.7%,
I fuscum 3.1 x 19.3% and partly also in Monochamus
sp. 31.2 x 37.1%). I. amitinus did not differ by its space
niche in studied aspects. P. chalcographus showed
the heavy degree of stem attack in the summer
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aspect. Less obvious shift was demonstrated by
L typographus while H. palliatus markedly increased
its proportion in the low degree of attack (Table 4).

Of 133 analyzed windfalls 86 trees were situated
in a stand and remaining trees occurred in an open
area or in the open part of a stand thereby different
conditions were created for drying up windfalls and
the development of bark beetles. The open area
microclimate was slightly preferred particularly by
economically important cambiophages of spruce
(I typographus 65 x 74%, P. chalcographus 79 x
89%) and significantly by I amitinus (28 x 45%). The
increased occurrence frequency on windfalls in a stand
can be demonstrated in D. autographus, 1. fuscum,
Monochamus sp., H. palliatus and P. poligraphus
and Pissodes sp. (Table 5). P. poligraphus colonized a
further section of the stem on windfalls of the open area
and similarly also members of the genus Monochamus.
Differences in the profile of the colonized stem niche
under conditions of a stand and open area were not
noted in I typographus, I. amitinus, P. chalcographus
even in species earlier activated (H. palliatus, I
fuscum, X. lineatus) (Table 6).
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Table 5. The occurrence frequency of cambioxylophages according to the position in an area with the various population

density of I. typographus

Outside outbreak (%) Outbreak (%)

Species/frequency

forest free site forest free site
Cryphalus abietis 3.49
Dryocoetes autographus 13.95 2.13 6.67 3.17
Hylastes ater 2.33
Hylocoetes dermestoides 1.16
Hylurgops glabratus 1.16
Hylurgops palliatus 43.02 29.79 13.33 9.52
Ips amitinus 2791 44.68 26.67 46.03
Ips typographus 65.12 74.47 100.00 96.83
Isarthron fuscum 32.56 10.64 1.59
Monochamus sp. 25.58 14.89 46.67 26.98
Pissodes harcyniae 3.49
Pissodes scabricollis 6.98
Pityogenes chalcographus 79.07 89.36 93.33 88.89
Pityophthorus pityographus 8.14 10.64 1.59
Pogonocherus fasciculatus 1.16
Polygraphus poligraphus 15.12 2.13
Rhagium sp. 2.33 1.59
Xyloterus lineatus 10.47 12.77 6.67
Total of windfall stems 86 47 15 63

Changes in the quality of windfalls in the course
of the growing season became also evident in the
degree of crown drying. In the spring aspect (VI),
81% windfalls showed green crowns and only in
6% trees, uniform and marked needle shedding
occurred. In the summer aspect (IX), the majority
of windfalls shows only partly live crown (81%) and
only 7% windfalls showed green crown. Although the
fauna of cambioxylophages of branches was relatively
very manifold (13 species) as for the frequency of
occurrence and the degree of attack it is possible
to specify 9 species as sporadic. P. chalcographus
showed generally the high frequency of occurrence
on windfall branches in open areas as well as in the
stand both in the spring (87.3 x 79.9%) and summer
aspects (72.6 x 83.7%). H. palliatus which prefers the
shaded environment of a stand to an open area in the
spring aspect (51.7 x 36.1%) is not a typical species
colonizing branches but it refers to a concomitant
event when during the high degree of the attack of
stem also phloem on large branches was colonized.
L. amitinus proved similarly in case of more intense
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occurrence. P. pityographus showed the same
occurrence in the open area both in the spring and
summer aspect. Cryphalus abietis (Rtzb.) was found
on windfalls in a stand only in the summer aspect.
Changes in the phloem quality of windfalls
occurred throughout the growing season. In the
spring aspect, there was increased homogenity and
L typographus showed a more marked shift in the
development and attack on windfalls with die-back
progressing from crown and live phloem in the lower
part of the tree stem. The rate of phloem necrosis was
a limiting factor for the repeated attack of windfalls
by sister generations and the second generation
of I typographus. If P. chalcographus in the spring
aspect did not respond more markedly to the phloem
quality by the stem cover (20-35%), in the summer
aspect differences were differentiated by the degree
of phloem wilting (10-64%) and on dead windfalls up
to a level of 55%. Balanced stem cover characterizes
a species P, pityographus (3—7%) with the exception
of dead trees with wilting phloem in the lower part
of a stem. The stem cover by members of genera
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Table 6. The windfall stem cover by cambioxylophages according to the position in an area with the various population

density of I typographus

Outside outbreak (%)

Outbreak (%)

Species/frequency

forest free site forest free site
Cryphalus abietis 3.61
Dryocoetes autographus 24.62 61.29 10.53 2.51
Hylastes ater 7.94
Hylocoetes dermestoides 21.62
Hylurgops glabratus 5.41
Hylurgops palliatus 38.82 39.16 35.62 16.74
Ips amitinus 7.86 13.12 12.59 18.10
Ips typographus 38.39 45.54 66.67 60.85
Isarthron fuscum 19.37 15.28 6.67
Monochamus sp. 34.68 43.95 26.34 28.37
Pissodes harcyniae 18.39
Pissodes scabricollis 16.58
Pityogenes chalcographus 35.88 41.14 23.79 24.81
Pityophthorus pityographus 6.67 6.77 18.92
Pogonocherus fasciculatus 2.63
Polygraphus poligraphus 28.49 34.62
Rhagium sp. 4.76 5.71
Xyloterus lineatus 49.03 48.63 62.86

Monochamus and Isarthron appears to be relatively
independent and irregular.

Diameter at breast height (dbh) characterizes also
the quality of a tree from the point of view of phloem
thickness and the size of a windfall. In the group
of 133 windfalls, dbh was specified by 13-67 cm.
Determined frequency trends of the occurrence of
particular species with changing dbh corresponded
to ecological requirements of some species similarly
as in standing trees. In I. typographus, the frequency
of occurrence increased with the increasing dbh of
windfalls. The species was noted even on windfalls
with dbh < 30 cm (44%). Other categories were
defined by dbh 31-46 cm (68-74%) and > 47cm
(95-100%) (Table 7). P. chalcographus attacked stems
of windfalls of all diameter categories. We noted a
gradual and continual increase in the frequency of
occurrence with the increasing diameter of a stem.
H. palliatus, 1. fuscum, P. poligraphus (Table 7)
responded conversely. The stem cover decreased with
the size of windfalls (H. palliatus, P. chalcographus,
Monochamus sp., Pissodes sp.). I. amitinus preferred
a medium category (31-38 cm) and I. typographus
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occupied the balanced part of the stem profile in all
diameter categories under study (Table 8).

Fauna of the cambiophages of windfalls
in the gradation area

Gradations of 1. typographus in Forest District
Ujsoly began in spruce stands in 1993 as a result
of dry years and neglect of measures in forest
protection. As for basic site conditions, the area
does not differ from Forest District Ostravice. In
November 2004, stands were damaged by a wind
disaster (67,000 m?). Compartment windbreaks were
created and at the same time, particular windfalls
occurred in stands.

Six of ten cambioxylophages were recorded in the
spring aspect the highest frequency of them reached
L typographus (100%), P. chalcographus (92.7%) and
L. amitinus (68.3%). H. palliatus noted insignificant
position (19.5%). In the summer aspect, a persistent
condition was proved in I typographus (94.6%) and
P, chalcographus (86.5%) and a marked decrease in
L amitinus (13.5%). D. autographus and members
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Table 7. The occurrence frequency of cambioxylophages of the windfall stem in relation to dbh (in cm) in an area with the

various population density of I. typographus

Outside outbreak (%)

Outbreak (%)

Species/frequency

13-21 22-30 31-38 39-46 47-54 55+ 31-38 39-46 47-54 55-62
Cryphalus abietis 12.00
Dryocoetes autographus 12.50 19.05 10.71 5.26 3.23 588 14.29
Hylastes ater 4.76
Hylocoetes dermestoides 3.57
Hylurgops palliatus 50.00 56.00 52.38 32.14 16.67 5.26 9.09 1290 11.76
Ips amitinus 12.50 44.00 2857 32.14 50.00 31.58 36.36 51.61 47.06 14.29
Ips typographus 44.00 73.81 67.86 100.00 94.74 95.45 100.00 100.00 100.00
Isarthron fuscum 50.00 28.00 2857 2143 16.67 10.53 14.29
Monochamus sp. 12.50 32.00 2857 10.71 25.00 10.53 36.36 3548 2353 14.29
Pissodes harcyniae 12.50 2.38 3.57
Pissodes scabricollis 11.90 8.33
Pityogenes chalcographus 62.50 72.00 76.19 89.29 100.00 94.74 9545 90.32 88.24 85.71
Pityophthorus pityographus 8.00 2.38 17.86 8.33 1579 5.88
Pogonocherus fasciculatus 5.26
Polygraphus poligraphus 50.00 28.00 4.76 5.26
Rhagium sp. 4.76 5.88
Xyloterus lineatus 12.00 19.05 14.29 4.55
Total of windfall stems 8 25 42 28 12 19 22 31 17 7

of the genus Monochamus were ranked among
important secondary species (Table 3).

No difference was determined in the attack of
windfalls by I typographus in a stand and in the open
area (100 x 97%), P. chalcographus L. (93 x 89%)
or H. palliatus (13 x 9.5%). I. amitinus preferred
windfalls on released places (46 x 27%), members
of the genus Monochamus responded the other way
round (27 x 47%) (Table 5).

Intensity of the attack of windfalls showing the
presence of the given species was unambiguously
highest in 1. typographus because the stem cover
reached 60% at the 83% proportion of the heavy
attack (spring aspect). In the consequential summer
season, the stem cover remained preserved (65%)
but the degree of attack was balanced (slight — 11%,
increased — 24%, heavy — 30%). P. chalcographus
colonized the same profile in the spring (22%)
and summer (27%) aspect with the dominant
proportion of heavy attack. In the spring season,
L amitinus corresponded with P chalcographus,
in the consequential stage decreased by half and
also H. palliatus covered only one fifth of the stem
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profile. In the summer aspect, members of the genus
Monochamus on windfalls were classified mainly in
the slight degree of attack but the stem cover reached
27% (Table 4).

Inthe outbreakarea, the behaviour of I typographus
was not affected by the position of windfalls. The
stem cover (67 x 61%) and the distribution of degrees
of attack were similar. A species P. chalcographus
(24 x 25%) can be evaluated identically. H. palliatus
and D. autographus showed partial preferences for
shaded area in a stand (Table 6).

Changes in the foliage of windfalls occurred much
more radically than in Forest District Ostravice.
In the spring aspect, the decisive part of windfalls
showed green crown (83%), however, in the summer
aspect, we noted dead crowns in 67% windfalls
and 14% crowns had dead tops. On branches,
P, chalcographus (85—94%, heavy degree of attack)
was accompanied by I. amitinus.

In the spring aspect, there were 56% living and
19.5% dead windfalls, in the summer aspect living
windfalls did not occur. There were 42% dead
windfalls and remaining ones occurred in the
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Table 8. The windfall stem cover by cambioxylophages in relation to dbh (in cm) in an area with the various population

density of I typographus

Outside outbreak (%) Outbreak (%)
Species/frequency
13-21 22-30 31-38 39-46 47-54 55+ 31-38 39-46 47-54 55-62
Cryphalus abietis 3.61
Dryocoetes autographus 4.35 36.19 16.50 10.53 3.03 1053 11.11
Hylastes ater 7.94
Hylocoetes dermestoides 21.62
Hylurgops palliatus 63.33 3570 42.60 33.54 11.54 12.82 3562 1321 23.75
Ips amitinus 5.00 8.73 15.98 9.91 8.58 6.94 19.20 19.80 1234 11.90
Ips typographus 3750 34.67 4891 37.96 46.78 69.76  63.26 57.76  48.79
Isarthron fuscum 9.89 9.60 21.22 21.74 3562 1447 6.67
Monochamus sp. 69.23 36.04 40.16 42.06 31.53 13.16 37.65 2031 37.04 6.67
Pissodes harcyniae 40.00 18.18 5.88
Pissodes scabricollis 14.81 24.32
Pityogenes chalcographus 5299 54.75 4398 33.78 31.02 24.11 29.67 2710 1791 16.21
Pityophthorus pityographus 10.53 6.67 6.59 5.26 5.60 18.92
Pogonocherus fasciculatus 2.63
Polygraphus poligraphus 25.56 35.64 18.03 21.05
Rhagium sp. 4.76 5.71
Xyloterus lineatus 33.33  54.14 48.23 62.86
various degree of dieback. In the spring aspect, L. ty- DISCUSSION

pographus was in the lower degree of stem cover
on living trees (56%). On windfalls with wilting
and dead phloem where the development of the
species was already finished, the stem cover reached
62-80%. In the summer aspect, the stem phloem
was markedly differentiated and the degree of attack
corresponded to the situation (50 to 82%). The high
degree of diversity was demonstrated by windfalls
with P. chalcographus (10-41%). It was rather difficult
to specify the relationship between the occurrence of
abark beetle and the phloem structure quality. Attack
of I. amitinus (14—-27%) appears to be relatively
homogeneous if we do not take into account dead
trees with wilting phloem (55%).

dbh of windfalls (31-67 ¢cm) was unambiguously
available for I typographus the frequency of which
was highest (95-100%) in all categories. The high
frequency of P. chalcographus with increasing dbh
gradually receded (95-86%) the fall being significant
also for the genus of Monochamus. Non-uniform
distribution showed I. amitinus (Table 7). Decreased
stem cover in the gradation area was noted in
P chalcographus. In 1. typographus, the stem cover
decreased with dbh (Table 8).

504

Frequency and extent of windbreak situations
cannot be predicted. Windfalls occur every year
and, therefore, it is inevitable to deal with this
type of salvage felling not only as an area for
reproduction of insect pests but also for use in
checking cambioxylophagous species and control
at localities with the low proportion of windfalls.
At the same time, it is necessary to specify the
response of cambioxylophages under conditions of
the high concentration of windfalls at the various
population density of I typographus (MARTIKAINEN
et al. 1999). This variance became evident in the
different degree of colonization of windfalls and the
cover and intensity of attack because the occurrence
frequency was higher by 24.4% (100 x 75.6%) in
L typographus in the gradation area in the spring
aspect and in the summer aspect by 37.7% (94.6 x
56.9%). Higher invasion by 34.2% (68.3 x 34.1%)
was noted in I amitinus in the gradation area in
the spring aspect. In P. chalcographus, conformity
in the spring season (92.7 x 95.1%) changed during
the summer aspect in a decrease in the occurrence
frequency outside the gradation area (86.5 x 62.8%).
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The occurrence of secondary species related to
decaying wood and not attacking living trees was
differentiated. In the summer aspect in stands out of
the species gradation (Forest District Ostravice), the
frequency of the genus Monochamus was 10% lower
while the occurrence frequency of I fuscum (+ 60%)
and H. palliatus (+ 47%) increased.

The decreased species diversity of cambioxylophages
in the gradation area on windfalls conforms with
deviations in the diversity of cambioxylophages in
standing trees under these conditions (KuLa et al.
2005a,b, 2006). Deviations were also proved between
the fauna of standing trees and windfalls from the
viewpoint of stem cover (e.g. X. lineatus, H. palliatus,
Monochamus) (KULA, ZABECKI 2006b).

Differences between the fauna of windfalls of a
gradation area and an area with the basic level of
L typographus result even more distinctly from
the comparison of attacked sections of groups
including all analyzed windfalls regardless of the
presence of particular members. The competitive
environment between species, rate of the stem
colonization by early spring species (H. palliatus)
before I. typographus can limit its available area
similarly as it was under conditions of Forest District
Ostravice. The occurrence of P. chalcographus
on stems in the gradation area was restricted by
L. typographus. Thus, some findings obtained by
OKLAND and BJorRNSTAD (2003) were corroborated.
In the area under study, windfalls did not differ in the
mean extent of interconnection of roots with soil.
Differences consisted in the water table which was
higher at studied sites of Forest District Ostravice.

Site conditions given by the position of a windfall
in the stand shade or half-shade and on an open
area affect aggressive species less markedly than
species searching for moist phloem (H. palliatus, D.
autographus) concentrating on windfalls in a stand
often lying on the soil surface or under the layer
of branches. Members of the genus Monochamus
attacked windfalls throughout the stem profile at
insolated, released locations particularly on windfalls
with a decreased attack by I typographus.

Similarly as in standing trees (KuLA, ZABECKI
2000a; GOTHLIN et al. 2000; ButovIiTscH 1938,
1971; WESLIEN, REGNANDER 1990), dbh is a limiting
factor for the structure of cambioxylophagous fauna
also in windfalls. Preferences in colonizing larger
dimensions by I typographus was similar in both
areas under study.

The gradation area differed by the phloem quality
in the spring aspect (70% living sections) (KuLa,
ZABECKI 2006a) though the period of origin of
windfalls agreed with Forest District Ostravice
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(100% living sections). The cause of the occurrence
of dead and wilting phloem on windfalls (Forest
District Ujsoly) as against exclusively living phloem
in windfalls in Forest District Ostravice could
consist in the more intensive attack and feeding
of I. typographus, smaller number of windfalls at
waterlogged localities, large open areas and different
slope orientation.

In the course of the growing season, the degree of
phloem necrosis generally increased. In both studied
areas, the same extent of living sections (18—19%)
as well as wilting sections occurred (10-11%). It
follows that one third of the windfall profile (usually
the lower part of a stem) is still available to the
development of cambiophages and in the second year
after the origin of a windfall, it is possible to expect
invasion and development of I typographus (KuLa,
ZABECKI 2006b). ERIKSSON et al. (2005) mention
repeated colonization of windfalls in the second year,
namely of 50%, but also only 12% of the initial extent.
GOTHLIN et al. (2000) decrease attractiveness in the
second year by 17%. ButovitscH (1971), ANNILA
and PETAISTO (1978) admit that I typographus is able
to use the material of windfalls during the second year
after the autumnal damage to the stand.

It means that windfalls represent a long-term risk
for the reproduction of I typographus. An aspect
of the rate of concentration of windfalls is also
discussed because at the local small number of trees
a deviation in the risk of damage did not become
evident (HENGREN et al. 2003). However, it is
generally known that extensive areas with windfalls
and snowfalls are subsequently threatened by
gradations of L typographus (RAvN 1985; WORRELL
1983; GREGOIRE 1988; SCHRODER, LINDELOW
2002) which was also confirmed by the high spring
population of I. typographus in 2006 in the Tatra Mts.
after a wind disaster in November 2004. There is the
high degree of correlation between the population
density dynamics of I. typographus (OKLAND,
BjorusTAD 2003) and the number of attacked and
killed standing trees (OKLAND, BERRYMAN 2004;
GILBERT et al. 2005). Therefore, it is not suitable to
leave unprocessed felled wood in commercial forests
although a critique can appear that the development
of dead wood fauna is not possible as it is required by
some authors (ESSEEN et al. 1977; SITONEN 2001).

A lying tree (windfall), living foliaged crown
and living phloem and interconnection of roots
with soil create quite different conditions when
invasion of cambiophages occurs as compared
with a standing tree characterized by the various
length of dieback according to occurring stresses
(from acute — lightning to chronic — air pollution,
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competition, fungi etc.) or barked trap trees. The
synusia of cambioxylophages was generally described
by PFEFFER (1955), in relation to vegetation zones by
ZUMR (1984), in relation to the presence of fungal
pathogens, social position of a tree, forest type group,
lightning injury etc. by KuLa and ZaBEcK1I (1997a,b,
1999a,b, 2000a,b). On living windfalls particularly in
the spring aspect, we noted partial departures from
general regularities probably due to the progress of
phloem necrosis. The culmination level of an attack
by I typographus occurred higher in the place of
crowns at the expense of I amitinus which used
large branches under conditions of the shortage
of area on a stem (KuLaA et al. 2006). Continual
increase of the occurrence of I typographus to the
stage of culmination in the lower half of a crown
(spring) and the centre of the crown (summer)
(KuLa, ZABECKI 2006b). The uniform distribution
of H. palliatus in the stem profile or the retreat of
L fuscum from the stem foot to its centre appears to
be characteristic. The microclimate of a lying tree
which is often in contact with soil affects moisture
conditions of phloem inducing changes in its quality
and attractiveness.

CONCLUSION

The fauna of cambioxylophages of spruce windfalls
in a gradation area is characterized by decreased
species diversity as compared with an area with the
basic state of I. typographus.

The occurrence frequency and the species spectrum
of cambioxylophages are differentiated in the course
of the growing season (spring and summer aspect) by
the appearance of secondary species not threatening
living trees (Monochamus, Isarthron, Dryocoetes).

A change in the phloem quality during the first
growing season after uprooting the tree was faster
in the gradation area during the spring season. At
the end of the growing season living and wilting
phloem occurred on one third of the available area
of windfalls thereby conditions were created for the
invasion and development of cambioxylophages also
in the second growing season after the windbreak.

The increasing dbh of windfalls positively affected
colonization by I. typographus; the response of
H. palliatus, I fuscum, P. poligraphus was opposite.

Windfalls in the gradation area show 20-40%
higher attack by I typographus at the balanced
proportion of P chalcographus which is characterized
by a narrower stem niche in the gradation area. In an
area with the basic state of I. typographus, windfalls
were intensively occupied by H. palliatus, 1. fuscus
and Monochamus sp.
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Smrkové vyvraty a kambioxylofagni fauna v tzemi se zikladnim a gradacnim
stavem lykoZrouta smrkového
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ABSTRAKT: Na smrkovych vyvratech vzniklych v podzimnim a zimnim obdobi byla hodnocena synuzie kambioxylofagt
v profilu celého kmene a vétvi koruny podle druhového spektra, pokryvnosti stromu a intenzity napadeni. Fauna vyvrata
v izemi se zdkladnim stavem lykozrouta smrkového a v grada¢nim tizemi se lisila druhovou diverzitou. V grada¢nim tzemi
byla 0 20-40 % vyssi Cetnost vyskytu Ips typographus (L.). Pityogenes chalcographus (L.) mél snizenou pokryvnost kmene
v grada¢nim tzemi. V Gzemi se zdkladnim stavem lykozrouta smrkového byly vyvraty intenzivné osidlovany sekundar-
nimi druhy Hylurgops palliatus (Gyll.), Isarthron fuscum (Fabr.) a Monochamus sp. Nartstajici vycetni tloustkou vyvrati
bylo pozitivné ovlivnéno osidlen{ kmene lykozroutem smrkovym, opacné reagoval H. palliatus, I. fuscum, Polygraphus

poligraphus (L.).

Klicova slova: smrk ztepily; Beskydy; vyvraty; kambioxylofagové; Ips typographus; Pityogenes chalcographus; Ips amitinus;

Polygraphus poligraphus

Smrkové vyvraty, které vznikaji kazdoro¢né v ruz-
ném rozsahu, umoznuji namnozeni kambiofdgt a né-
sledné ohrozeni zivych stromd. Nezpracované vyvraty
mohou byt nalétany nejen v priibéhu celého vegetac-
niho obdobi, ale i v navazujicim roce. Mira napadeni
polomové hmoty zavisi na hustoté populace lykozrou-
ta smrkového pred vznikem polomu, na regionalni
a lokélni heterogenité stanovistnich podminek.

Cilem prace je doplnit chybéjici idaje o kambio-
xylofagni fauné vyvratli, jejim zastoupeni v profilu
kmene a vétvi koruny, postupu nalétani na smrkové
vyvraty v oblastech se zdkladnim a gradac¢nim stavem
lykozrouta smrkového.

V tzemi Beskyd (LS Ostravice, LS Ujsoly) byly v nava-
zyjicim jarnim (VL) a letnim (IX.) aspektu v r. 2003
a 2005 analyzovany vyvraty (211), které vznikly jedno-
razové v fijnu r. 2002 a v listopadu 2004-.

Cetnost vyskytu a pokryvnost kmene a vétvi jednot-
livymi druhy kambioxylofagni fauny byla stanovena po
odkornéni kmene a vétvi v celém profilu vyvratu, kdy
v navazujicich metrovych sekcich byl urcen druh kam-
bioxylofaga, stadium vyvoje a stupen napadeni oddé-
lené pro grada¢ni tzemi a izemi se zakladnim stavem
(KuLa, ZABECKI 1996).

LS Ostravice — hodnocené smrkové porosty jsou
soucasti monitorovaci sité povodi nadrze Sance. Pres
vyskyt polom (tab. 1) zistavaji kambioxylofdgové v té-
to oblasti dlouhodobé v zékladnim stavu a v uplynulych
padesati letech se zde nevyskytla kiirovcova gradace.

LS Ujsoly — gradacni oblast lykozrouta smrkového
Beskidu Zywieckiego je charakterizovana snizujici
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se stabilitou smrkovych porostii, v nichz se nahodi-
14 ktrovcova tézba podili 51-72 % (tab. 2). V letech
2001 az 2004 dosédhla nahodila tézba postupné 25 az
84 tisic m>.

Smrkové vyvraty vzniklé plisobenim abiotickych skod-
livych ¢initeld (snih v Fijnu 2002, vitr v listopadu 2004)
se staly disponibilnim prostorem pro vyvoj kambioxy-
lofagni fauny v navazujicim vegeta¢nim obdobi. V LS
Ostravice bylo analyzovano v jarnim a letnim obdobi
133 vyvrata (82 + 51) a v LS Ujsoly 78 vyvrati (41 + 37).

Z 18 druhti kambioxylofagi registrovanych v mimo-
grada¢nim uzemi na vyvratech bylo v jarnim aspektu
potvrzeno 10 druhd, zatimco v letnim aspektu 18 dru-
ht. Nejvyssi Cetnosti vyskytu v jarnim obdobi dosahl
Pityogenes chalcographus (L.) (95,1 %), Ips typographus
(L.) (75,6 %) (tab. 3). V letnim aspektu se z hospodat-
sky vyznamnych druhit profiloval P chalcographus
(62,7 %), I typographus (56,9 %), I. amitinus (33.3 %)
a Polygraphus poligraphus (L.) (27,5 %). Soubézné bylo
zaznamendano vysoké zastoupeni druhii sekundarnich
[Isarthron fuscum (Fabr.) 62,8 %, Monochamus sp.
54,9 %, Hylurgops palliatus (Gyll.) 47,1 %, Dryocoetes
autographus (Ratz.) 23,5 %] (tab. 3). Pokryvnost kme-
ne vyvratu se u nékterych druht odchylila od béznych
ekologickych néarokt. Druhy L typographus a P. chal-
cographus se shoduji v celkové pokryvnosti profilu
vyvratu, ktera byla v jarnim aspektu nizsi nez v letnim
(38,8-46,9 % a 34,4—47,8 %) (tab. 4).

Mikroklima volné plochy bylo mirné preferovano
predev$im hospodarsky vyznamnymi kambiofagy
smrku (I typographus, P. chalcographus) a prikazné
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druhem Ips amitinus. Zvy$enou cetnost vyskytu na
vyvratech v porostu lze prokdzat u druhtt D. auto-
graphus, I fuscum, Monochamus sp., H. palliatus
a P. poligraphus a Pissodes sp. (tab. 5). P. poligraphus
obsadil delsi tisek kmene na vyvratech volné plochy,
podobné i zastupci rodu Monochamus. Rozdil v profi-
lu obsazené niky kmene v podminkéch porostu a volné
plochy nebyl zaznamenan u I typographus, I amiti-
nus, P. chalcographus ani u druht ¢asnéji aktivujicich
(H. palliatus, 1. fuscum, X. lineatus) (tab. 6).

U lykozrouta I typographus se zvy$ovala Cetnost
vyskytu s nartstajici vycetni tloustkou vyvratu (tab. 7).
P, chalcographus atakoval kmeny vyvratd véech tloust-
kovych kategorii, pfi¢emz jsme zaznamenali pozvolny
a kontinudlni néarast cetnosti vyskytu se zvysujici se
tloustkou kmene. Opac¢né reagoval H. palliatus, I. fus-
cum, P. poligraphus (tab. 7).

Z deseti kambioxylofagt bylo v jarnim aspektu gra-
da¢ni oblasti zachyceno $est, z nichz nejvys$si ¢etnost
vyskytu dosahl I typographus (100 %), P. chalcogra-
phus (92,7 %) a I amitinus (68,3 %) (tab. 3).

Pokryvnost vyvratd byla jednoznacné nejvys-
$i u lykoZzrouta smrkového, nebot dosdhla 60 % pti
83% podilu silného stupné napadeni (jarni aspekt).
V navazujicim letnim obdobi zistala pokryvnost kme-
ne zachovana (65 %). P chalcographus osidlil shodny
profil v jarnim (22 %) i letnim aspektu (27 %) s domi-

nantnim podilem silného stupné napadeni. . amitinus
v jarnim obdobi byl ve shodé s lykozroutem lesklym,
v navazujici etapé ustoupil na polovinu a rovnéz H. pal-
liatus pokryval pouze pétinu profilu kmene. Zastupci
r. Monochamus na vyvratech v letnim aspektu byli
klasifikovéni prevazné ve slabém stupni napadeni, ale
pokryvnost kmene dosahovala 27 % (tab. 4).

Vycetni tloustka vyvratd (31-67 cm) byla jedno-
znac¢né disponibilni pro lykozrouta smrkového, jehoz
cetnost vyskytu byla ve vSech stanovenych kategoriich
nejvyssi (95-100 %). Vysoka cetnost druhu P. chalco-
graphus s narustajici vycetni tloustkou pozvolna ustu-
povala (95-86 %), pokles byl priikazny i pro r. Mono-
chamus. Nejednotné rozlozeni vykdzal I amitinus
(tab. 7).

Fauna kambioxylofagti smrkovych vyvratii v gradac-
nim dzemi se vyznacuje snizenou druhovou diverzi-
tou. Stoupajici vycetni tloustkou vyvrata bylo pozitiv-
né ovlivnéno osidleni lykozroutem smrkovym, opa¢né
reagoval H. palliatus, I. fuscum, P. poligraphus. Vyvra-
ty v grada¢nim Gzemi vykazuji o 20—40 % vy$$i napa-
denf lykozroutem smrkovym pfi vyrovnaném zastou-
peni druhu P chalcographus, ktery se v grada¢nim
uzemi vyznacuje uz$i kmenovou nikou. V tzemi se
zdkladnim stavem lykozrouta smrkového byly vyvraty
intenzivné osidlovany druhy H. palliatus, I fuscum,
Monochamus.
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