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WINDTHROWN SCOTS PINES AS BROOD MATERIAL
FOR TOMICUS PINIPERDA AND T. MINOR

BO LANGSTROM

Seloste
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Saapunut toimitukselle 2. 4. 1984

In 1980 and 1981, windthrown and felled Scots pines (Pinus sylvestris L.) were examined at 8 localities in Sweden.
The number and length of egg galleries as well as the number of exit holes of Tomicus piniperda (L.) and T. minor (Hart.)
were recorded on sample sections (30 cm in length) distributed at 3 m intervals on the 37 fallen or felled pine stems,
which were successfully colonized by the beetles. In addition, 78 uprooted pines were surveyed in 6 localities. Most
trees were attacked by T. piniperda, but only a few by 7. minor. Successful colonization often resulted in the production of
several thousand beetles per tree, the maximum being approximately 18 00. The attack density of 7. piniperda seldom
exceeded 200 egg galleries/m? bark area, and brood production usually remained below 1.000 beetles/m?. Much
higher figures were obtained for 7. minor. In T. piniperda, the rate of reproduction (i.e. the number of exit holes/egg
gallery) decreased rapidly with increasing attack density, whereas 7. minor seemed to be less sensitive to intraspecific

competition.

1. INTRODUCTION

The pine shoot beetles, Tomicus piniperda
(L.) and Tomicus minor (Hart) (Col., Scolyt-
idae), breed in fresh pine wood such as pulp
wood, logging waste and windthrown pine
trees.

The attack pattern and brood production
of these beetles in waste wood after early
thinnings (=cleanings), and pulp wood
stacks has been studied in Sweden during the
last decade (for references, see e.g. Dehlén et
al. 1982). Although windthrown pines are
known to be important brood material for the
pine shoot beetles, few detailed studies exist
on the propagation of the beetles in
windthrown pines. Iacobaeus and Lindahl
(1973) examined one windthrown pine tree,
and found that about 40 000 beetles, mostly
T. minor had emerged from that tree. Much

lower figures were obtained by Annila and
Petdisto (1978) when studying windthrown
pines in western Finland. They reported a
maximum of around 500 exit holes per square
metre bark surface for 7. piniperda. Several
authors have reported that the proportion of
fallen trees successfully attacked varies, and
the attacks often covered a minor proportion
of the available bark area (Triagardh &
Butovitsch 1935, Lekander 1955, Butovitsch
& Ringselle 1968, Lekander 1971, Luitjes
1976, Annila & Petdistdo 1978, Fihrer &
Kerck 1978).

The purpose of this paper is to present
findings regarding the attack pattern and
propagation of T. piniperda and T. minor in
windthrown and cut pines in different regions
of Sweden during 1980 and 1981.
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2. MATERIAL AND METHODS

In autumn 1980, windthrown pines were
examined at 3 localities in Sweden (Horle,
Vallnas, Asele; see Figure 1). The trees had
fallen during the autumn 1979, but the
specific dates for each locality are not known.
Additional trees were cut at Oxberg and
Asele on 29 April and 5 May, respectively.
Only trees with successful attacks (i.e. exit
holes) of pine shoot beetles were examined,
and in each locality a few trees were selected
for examination (cf. Table 2). For each tree,
sample sections (30 cm in length) from the
middle of each 3 metre log section were
studied, i.e. at 1.5, 4.5, 7.5 etc. metres from
the stem base. Sampling intensity was thus
approximately 10 %. The number of sections
per tree varied from 5 to 7 depending on tree
height. All exit holes were counted on the
upper- and undersides of the sample sections
before bark was removed, and the number
and lengths of egg galleries were counted for
T. piniperda and T. minor. The occurrence of
other bark insects was assessed using the
percentage of gallery coverage in samples
containing the species in question. Data on
bark type and thickness as well as the diame-
ter and position of each section were also
recorded.

On 21 April 1981, a strong storm uprooted
many trees in Central Sweden. In June, 10—
20 windthrown pines at each of 6 additional
localities were surveyed for beetle attack. The
localities were Hofors, Stjarnsund, Amot,
Svartnds, Dalstuga and Evertsberg (see Fi-
gure 1 and Table 1). The number of egg
galleries of T. piniperda and T. minor was
counted on half-metre-long sections under
the thick and thin bark, respectively. In au-
tumn 1981, more detailed studies were made
according to the procedure described above
at Dalstuga, Evertsberg and Amot as well as
at Vallnas and Gnosjo in southern Sweden.
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Over a two year period a total of 37 trees
was examined in detail. All these were suc-
cessfully attacked by 7. piniperda, and 14 of
them also by 7. minor.
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Figure 1. Situation of study areas.
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Table 1. Occurrence of successful and/or unsuccessful attacks of Tomicus piniperda and T. minor on windthrown pine
trees after the blowdown on 21 April. Inspections of randomly selected trees were made in June 1981.

Length of
Locality Number DBH, mm  Length, m stem with
of trees xts xts rough bark, m

xts

Trees attacked by
T. piniperda T. minor

success unsucc. both no att.

success unsucc. both  no att.

Eversberg 18 229+30 16.8+2.0 3.0%0.7 4 10 3 1 1 17
Amot 10 261+55 19.8x1.4 3.2+0.8 2 8 2 2 6
Svartnas 10 227+43 17.3%2.1 2.9%0.7 10 10
Dalstuga 20 299+68 19.3+1,9 4.6*1.4 5 8 6 1 20
Hofors 10 324+41 21.9+23 4.9%05 2 1 4 3 1 1 2 6
Stjarnsund 10 297+£53 20.0%1.5 - 1 6 3 1 1 2 6
Total 78 14 43 16 5 3 4 6 65
Percent 18 55 21 6 4 5 8 83
3. RESULTS

3.1. Survey of beetle attacks

In 1980, no attempt was made to find out
the proportion of windthrown trees that were
attacked by the beetles. In 1981, a survey was
done in six localities, and 78 trees were sam-
pled (Table 1). All the trees were uprooted by
a storm on 21 April 1981, i.e. just before or
during the flight period of the pine shoot
beetles. By the end of June, 94 percent of the
trees were attacked. 7. piniperda was present
in all areas. Successful attacks (i.e. galleries
with developing progeny) were found in 18
percent, unsuccessful attack (i.e. parent bee-
tles repelled by the resin flow, and no living
larvae) in 55 percent of the trees. In 21
percent of the trees both successful and un-
successful attacks were found in the sample
section. The success of attacks varied be-
tween localities, and the attack density varied
from a few to 156 egg galleries per half-metre
section. The latter figure corresponds to 404
egg galleries per square metre (measured
under bark). Despite this high attack density,
the beetles failed to establish a brood in that
tree.

Most trees were not attacked by 7. minor
(83 %), but the beetle was present in four
areas successfully attacking a few trees (4 %).
Attack failures were seen in five percent and
both successful and unsuccessful attacks in
eight percent of the trees.

Attempts were made to classify the trees by
vigour classes using the root area still at-
tached to the ground, and the length of the
current leader shoot as parameters. Although
no consistent pattern could be found, many
successfully attacked trees had shorter leader
shoots than trees not attacked from the same
area.

3.2 Beetle production in successfully at-
tacked trees

Great variations in beetle production were
observed between years, localities and indi-
vidual trees even in those trees successfully
attacked by the beetles (Table 2). In most
trees the number of exit holes for both species
was a few thousand or less despite high num-
bers of egg galleries in some trees. One tree
differed drastically from the others in having
a total of approximately 18 000 exit holes.
This tree was exceptionally large, and was in
an area where beetles had attacked other
trees in the previous year.

Apart from the pine shoot beetles several
species of bark-living insects were present in
the pine trees (Table 2). Pityogenes quadridens
(Hart.) was regularly seen under the thin
bark of the top-most sample sections.
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Table 2. List of trees studied with estimated numbers of pine shoot beetles per tree (i.e. sample totals x 10), and Another bark beetle commonly seen in most 3.3 Spatial attack patterns
relative abundances of other bark-living beetles. 1 = species present, but galleries cover less than 10 % of the area of areas, was Orthotomicus proximus (Eich.). Ips |-
samples with records of the species; 2 = 1019 % etc., and 9 = > 80 %. v cumi;l atus (Gyll.) was apbundant at Oxberg Most attacks of 7. [nmpen;ﬁ occur;ed (])31’1(::11:
and Evertsberg, occupying a high percentage !ower part of the stems (Figure ) dc
Estimated numbers per tree of: Relative abundance of** of the surface of infested trees. LLarval mines infestation was Of‘ the same magnltllll € on
) T s Loiver . . £ of Pissodes sp., probably P. pini (L.), were upper-and undersides, pnly occasionally sur-
S e IERTS CYean = - b e I F E & @ found in most trees but generally at a low passing 200 egg galleries per square metre
and year nr. mm m galleries holes galleries holes X a 8 &= o N N e T inor. the pattern was entire-
density. Larvae of Acanthocinus aedilis (L.), bark‘ area. In 7. mi 7 pa 9 crred on
Asele 1980 1 231 16.2 250 1400 1 2 3 1 5 Rhagium inguisitor (L.) and Monochamus sutor ly different. Infestation {rl?lln y oc chtions
2 231 17.3 320 1850 5 5 5 (L.) were locally frequent on the trees, but the unders1d.es and on hig er stem e faf
(Trees 1-4 cut 3 204 17.4 200 940 2 1 6 the cerambycid species were not noted sepa- The range in atta.cl_( anS};tY W?ils rziles T
5 May 1980) 4 267 18.5 220 1170 23 rately. In addition to these records, Or- greater than in 7. piniperda. %g galle fbarl;
5 235 19.1 40 0* 1 thotomicus suturalis (Gyll.) was observed at pzrfzperda were found over a wi e:rangclo €
6 159 12.1 1 Asele, Hpylurgops palliatus (Gyll.) at Horle, and thlckness classes whereas 7. kmzrl;qr l:)n ); }?:xfaa
7 249 18.1 10 210 11 1 Polygraphus poligraphus (L.) surprisingly occur- smnall.y _OCC“rer 1.mdcr bark thicker
red on pine at Amot. few millimetres (Figure 3).
Oxberg 1980 8 227 16.5 180 70 20 8 4 1
9 187 13.2 120 50 9 8 4 1
(All trees cut 10 236 15.4 90 630 5, 4 7 3 5
29 April 1980) 11 282 16.5 110 240 9 7 7 2 7
12 218 15.1 200 580 2 4 4 2 2 4 "
13 201 155 170 310 3 6 3 3 2001 T. piniperda 1 T. minor
14 219 15.2 70 80 6 6 1 4 1 . A
15 212 16.5 180 860 10 3 1 5 1 3 A A |
Horle 16 271 20.5 460 1560 150 1030 6 2 2 3 200 :
17 305 21.4 420 2820 20 1 2 2 1 1 - i
18 260 19.9 250 1400 660 4720 3 2 1 6 : . .
Vallnas 1980 19 301 21.4 900 2060 10 1620 1 2 1 8 1 ; . A
20 344 20.9 210 200 20 20 7 1 1004 - . |
21 319 19.3 400 1220 150 3270 2 2 o _ i ; J . .
22 316 23.2 720 3520 110 2320 4 5 E 1 . 5 i X 1
Evertsberg 1981 23 255 175 340 1940 2 8 3 2 s 40 v 5, : 1 - . . ——
24 184 19.0 120 490 2 7 3 2 2 A ) - ) ] .
25 256 145 170 860 3 6 1 2 & ] :
26 256 17.0 230 160 1 2 1 2 1 = 4 b
27 240 200 70 80 1 4 8 1 w : 1 : B
2 204 170 190 490 3 3 7 1 300 B ]
Dalstuga 1981 29 342 22.0 190 3830 30 1 6 3 1 4 A "
30 364 210 150 200 2 1 ] .
31 262 195 110 40 1 1 ° ]
32 305 195 110 240 1 N ] ) .
Amot 1981 33 239 18.0 170 320 10 1 2 1 1 . ’ ] .
34 332 20.0 230 2230 260 80 3 2 1 1 . -
Grosjo 1981 35 335 203 360 2880 12 1o ooy b . *  »
36 212 203 200 1730 200 1670 1 11 11 ' . ] . x 1
Vallnis 1981 37 470 238 4% 3780 400 14910 6 3 2 2 1% : . ] . . ;
1 2 ' . . . .
*) Larvae, pupae and callow adults under bark at inspection 27 August 1980. 1 . i : * : - .. — v .. T L .' 4 .‘ e - & 2
**) quadr. = Pityogenes quadridens, prox. = Orthotomicus proximus, acum. = Ips acuminatus, Piss. = Pissodus sp., Ceramb. = Cerambycidae. T :'; T 8 t é T 172 T Il5 18 3 6 9 12 15 8

Distance to stem base, m

Figure 2. Attack density (i.e. number of egg galleries per m” bark area) of Tomicus pinip.erda and 7. minor on upper- (A)
and underside (B) of fallen pines at different distances from stem base. Samples without beetle attacks excluded.
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Figure 3. Attack density of 7. piniperda and T. minor on upper- (A) and underside (B) of successfully attacked pines in

relation to bark thickness.

3.4 Brood success in relation to attack
density

_ Figure 4 shows that the brood production
in T. piniperda was of the same magnitude on
upper- and undersides. Beetle production of
more Fhan 500 beetles/m? occurred at attack
d(:2n51t1es ranging from 50-150 egg galleries/
m®. In T minor virtually no production occur-
red on the upperside. There was a huge varia-
tion in brood production on undersides with a
maximum observation of 7 800 beetles/m? at
an attack density of 210 egg galleries/m2. In
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T. piniperda, the rate of reproduction (i.e. the
number of exit holes per egg gallery) de-
creased rapidly with increasing attack density
(Figure 5). The pattern was similar on both
the upper- and undersides. The maximun
tally was 44 beetles/egg gallery at an attack
density of 10 egg galleries/m®. At 200 egg
galleries/m? there was virtually no population
increase at all. It is noteworthy that the re-
production rate often was very low even at
low attack densities. In 7. minor high repro-
duction rates occurred at much higher attack
densities than in 7. piniperda (Figure 5). Thus

20001 T. piniperda T. minor
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O A A
| |
” ]
£ 60004 B 1 . B
3 ] 1
_g | |
- ] i
% 1
w 40001 1 R
] 1
| ]
1
1 . .
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Egg galleries / m?

Figure 4. Brood production (i.e. number of exit holes of the new generation per m* bark area) of 7. piniperda and T.
minor on upper- (A) and underside (B) of successfully attacked pines in relation to attack density.

reproduction rate in 7. minor seems to be less
affected by the intraspecific competion as
compared with 7. piniperda.

There was, however, a tendency towards a
decreasing average gallery length with in-
creasing attack density in 7. piniperda (r =
—0.16 p < 0.10) but not in 7. minor (r=-0.01

p > 0.10) (Figure 6). The total egg gallery
length per square metre increased linearly
with the attack density to ca 120 egg gal-
leries/m? in both species. In T. piniperda only
a few observations exceeded 15 m/m?, where-
as maximum records for 7. minor were around
26 m/m? (Figure 7).

4. DISCUSSION

The present study showed large variations
in attack density and brood production of 7.
piniperda and T. minor between individual
windthrown pines. No attempts were there-
fore made to calculate average figures for
each study locality. This large variation
greatly reduces the possibility for risk-rating
of beetle production with a reasonable accu-
racy.

A high beetle production per tree requires:
firstly that there is a high enough population
of parent beetles to colonize the breeding
material, and secondly that the tree vigour is
low enough for successful reproduction.

It has repeatedly been shown that the in-
festation of bark beetles often is low in the
first summer following a large windthrow
with many uprooted trees (Tragairdh &
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Figure 5. Rate of reproduction (i.e. number of exit holes per egg gallery) of 7. piniperda and T. minor on upper- (A) and
underside (B) of successfully attacked pines in relation to attack density.

Butovitsch 1935, Lekander 1955, 1971,
Butovitsch & Ringselle 1968, Annila &
Petiist6 1978 and Niemeyer 1979). In such a
situation, there is simply not enough beetles
in relation to the large amount of breeding
material. This was not the case in the present
study where only small groups of windthrown
trees were available to the attacking beetles.
Consequently, high attack densities of 7.
piniperda were seen in many successfully at-
tacked trees. In these trees, the lower stem
which was covered with thick or intermediate
bark was heavily exploited by T. piniperda.
Attack densities up to approximately 200 egg
galleries per m? bark area have been encoun.-
tered in earlier studies, but the figures mostly
stay below 100 (for references, see Langstrom
et al. 1984). Exceptionally high attack
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densities (up to 700 egg galleries per m?) have
been observed by Doom & Luitjes (1971).
Brood production seldom exceeds 1 000 new
beetles per m? (cf. Langstrém et al. 1984),
and this was also true for this study. Cage
studies have, however, shown that much
higher figures (up to 5000 beetles/m?) are
possible for T piniperda (Eidmann & Nuorte-
va 1968).

Successful attacks of 7' minor occurred on
14 trees in the present study. Since the species
has a limited geographical distribution in
Sweden (cf. Lekander et al. 1977), it was not
expected to occur in the northern study area
at Asele. Attacks were recorded at three
localities in Central Sweden (61° N. Lat.),
but only a few exit holes were seen in Sep-
tember 1981. The species is known to require
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Figure 6. Mean egg gallery length of T. piniperda and T. minor on upper- (A) and underside (B) of successfully attacked

pines in relation to attack density.

a longer period of time for its development
than does 7. piniperda (Bakke 1968, Eidmann
1974, Langstrom 1983a). Since immature
stages do not survive the winter (Bakke
1968), T. minor failed to maintain its popula-
tion level at these localities. In southern Swe-
den high attack densities and production fi-
gures were recorded. Most attacks occurred
under thin bark and on the undersides of the
uprooted pine stems. According to a detai.led
pilot study using samples from this material,

eggs laid on uppersides totally failed to de-
velop, whereas 2-55 % of the eggs on the
undersides developed into emerging adults
(Langstrém 1983b).

Intraspecific competition is known to play
an important role in the population dynamics
of bark beetles. This has been shown to be the
case for T. piniperda as well (Nuorteva 1954,
Eidmann & Nuorteva 1968, Beaver 1974,
Annila & Petdisto 1979). The present results
indicate that competition is less important in
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Figure 7. Total egg gallery length of T. piniperda and T. minor on upper- (A) and underside (B) of successfully attacked

pines in relation to attack density.

the population dynamics of 7. minor, prob-
ably due to the more sessile feeding behaviour
of the larvae as compared with 7. piniperda.
Langstrom (1983b) observed that the de-
velopmental success was not affected by an
egg density up to ca 12 000 eggs per m? bark
area. In both species, the egg number is
linearly related to the gallery length (Lang-
strom 1983b, Saarenmaa & Riisinen un-
publ). Thus, total gallery lengths per m?
reflect egg densities, and the average gallery
lquth.l.ndicatcs the mean egg number per
ovipositing female. Although there was a
large variation in mean gallery length, espe-
cially at low attack densities, the present
results indicate that the number of eggs laid
by each female is negatively affected by the
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attack density in 7. piniperda but not in 7.
minor. Thus, intraspecific competion seems to
regulate gallery excavation and oviposition in
the former but not in the latter species.

As was seen in Figure 5, a low attack
density did not always result in a high repro-
duction rate. In many samples the brood
success was low despite the lack of intra-
specific competition. This may be due to e.g.
interspecific competition, predation or un-
suitable host material. Since these factors
were not estimated, little can be said about if|
and how, they have influenced the brood
development of the pine shoot beetles. It is,
however, well known that T. piniperda prop-
agates more successfully in host material fel-
led during the autumn or winter preceding

flight than in trees from the previous summer
(for references, see Langstrom 1979). Trees
uprooted immediately before beetle flight
may be vigorous enough to repel the beetles,
at least at low attack densities. This is espe-
cially the case with windthrown pines with
part of the root system intact. Not even at an
attack density of ca 400 egg galleries per m’
did 7. piniperda manage to colonize a
windthrown pine. This unsuccessful attack
shows how little aggressive this species is (cf.
Kangas 1981). T. minor is considered more
aggressive than 7. piniperda (cf. Jordal 1979),
but did not at all prove that in the present

study.

Summarizing the present results it can be
concluded that: 1) it is difficult to predict the
level of infestation depending on variations in
tree vigour and beetle numbers, 2) successful-
ly attacked trees may produce several
thousand specimens of 7. piniperda per tree, 3)
in areas with 7. minor present, beetle produc-
tion may exceed 10 000 beetles per tree, 4)
high priority must therefore be given to the
logging of windthrown pine trees if increment
losses in surrounding pine stands are to be
avoided.
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SELOSTE

TUULEN KAATAMAT MANNYT PYSTY- JA VAAKANAVERTAJAN LISAANTYMISMATERIAALINA

Vuosina 1980 ja 1981 tutkittiin yhteensi 37 tuulen
kaatamaa tai kaadettua mintyi 8 paikkakunnalla Ruot-
sissa. Tietoja kerittiin pysty- ja vaakanavertijin emo-
kaytavien lukumairasti, kiytivin pituudesta ja lentorei-
kien lukumairisti 30 cm pituisilta néytealoilta, jotka
sijaitsivat mannyn rungoilla kolmen metrin vilein,
Vuonna 1981 selvitettiin lisiksi ytimennavertéjien iskey-
tymisté yhteensi 78 tuulen, samana keviini kaatamaan
mintyyn 6 paikkakunnalla.

Pystynavertidjid tavattiin useimmissa puissa kaikilla
paikkakunnilla, vaakanivertijii vain muutamassa puus-
sa neljdlla paikkakunnalla. Molempien lajien kohdalla
iskeytyminen epaonnistui osittain tai taydellisesti mones-
sa, vahin ennen parveilua kaatuneessa maénnyssa. Syk-
sylld kaatuneisiin mintyihin varsinkin pystynavertija
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onnistui iskeytymdin hyvin. Pystynavertdja valloitti
yleensd rungon paksukuorisen osan vaakanivertdjan
esiintyessa rungon alapuolella ohuen kaarnan alla. On-
nistuneen iskeytymisen seurauksena kehittyi tuhansia
ytimennévertajid puuta kohti, poikkeustapauksessa jopa
yli 18 000 ulostuloreiki, joista suurin osa vaakaniverti-
jan aiheuttamia.

Pystynavertijan iskeytymistiheys ylitti harvoin 200
emokaytivii/m?, uusien yksildiden lukumairin yleensa
Jjéddessi alle 1000/m?. Vaakanivertijin kohdalla luvut
olivat korkeampia mutta vield vaihtelevampia kuin pys-
tyndvertdjilli. Molemmilla lajeilla lisiintyminen (uu-
sien yksildiden lukumdira emokiytivii kohti) vahentyi
iskeytymistiheyden kasvaessa riippuvuuden ollessa pys-
tynévertijilld selvempi kuin vaakanavertijall.
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