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Abstract

Hylobius (Coleoptera: Curculionidae) weevils, especially Hylobius abietis L., are harmful regeneration pests that
cause damage by killing planted coniferous seedlings and are economically the most important regeneration pests in
Europe. Hylobius pinastri Gyll. is one of the lesser-known forestry pests of the genus. A feeding experiment was performed,
to follow the feeding choices of H. pinastri between Norway spruce and Scots pine. Insects were allowed to choose
freely between Norway spruce and Scots pine twigs during a week-long experiment. The results indicate that H. pinastri
prefers Norway spruce but also accepts Scots pine for nutrition. Feeding scars were large enough to kill seedlings. Results
support the observation that H. pinastri is abundant in moist Norway spruce-dominated forests.

Key words: feeding experiment, Hylobius pinastri, nutrition selection, regeneration pest.

Introduction

Hylobius (Coleoptera: Curculionidae) weevils are
the most significant seedling pests in regeneration
areas in Europe (Bejer-Petersen et al. 1962, Langstrom
and Day 2004). These pine weevils are polyphagous
and cause economic losses to forestry as they feed
on the bark and phloem of one- to five-year-old con-
ifer seedlings (Eidmann 1974, Nordlander et al. 1986,
von Sydow 1997). Hylobius abietis L. is the most wide-
spread and abundant species of the genus, whereas
Hylobius pinastri Gyll. is less abundant and Hylobius
piceus De Geer is relatively rare (Eidmann 1974, Lang-
strom 1982, Sibul 2000). Volatile compounds emitted
from fresh wood and logging residues attract pine
weevils to reforestation areas (Tilles et al. 1986, Nor-
dlander 1991), but pine weevils also use sight to lo-
cate suitable food, and seedlings that have not previ-
ously been attacked are mainly chosen randomly (Nor-
dlander 1987). In addition, conifers are known to emit
i-pinene and ethanol, which stimulate pine weevil feed-
ing (Tilles et al. 1986, Nordlander 1990, Brattli et al.
1998, Sjodin et al. 2000). Spruce turpentine combined
with ethanol is an attractant for H. abietis, Hylastes
cunicularius Er. and Hylastes brunneus Er., but not
for H. pinastri (Lindelow et al. 1993).

Pine weevils start to swarm in central Sweden in
late May and early June and search fresh logging sites

for breeding (Solbreck and Gyldberg 1979) and females
fly up to 9 km (Solbreck 1980). In summer, they feed
in the vicinity of conifer stumps (Nordlander et al.
1997) and lay eggs which hatch the following spring
and adults feed before overwintering in the bark and
phloem of conifer roots. In the following spring, adults
feed for several weeks before swarming. The devel-
opment of a new generation takes about two years in
southern Finland, but the development time is longer
in the north (Bejer-Petersen et al. 1962, Bakke and
Lekander 1965, Lekander et al. 1985, Langstrom 1982).
Due to the heavy damage caused to forest regenera-
tion, pine weevils are actively controlled with insecti-
cides. Approximately 415 million conifer seedlings are
protected annually against pine weevil in nurseries in
Austria, the Czech Republic, Denmark, Finland, France,
Hungary, Ireland, Norway, Poland, Romania, Sweden
and the U.K. (Langstrom and Day 2004).

The lesser pine weevil, H. pinastri, has spread
throughout Scandinavia (Saalas 1949, Eidmann 1974,
Ehnstrom and Axelsson 2002) and the species is con-
sidered a harmful pest in Latvia (Ozols 1985) and Es-
tonia, where its frequency is about 24% that of the
abovementioned Hylobius species (Maavara et al. 1961
in Luik and Voolma 1989). In Finland, the frequency
of H. pinastri is about 10% that of Hylobius weevils,
but in fertile sites, it can be as much as 30% (Lang-
strom 1982). The species is very rare in Sachsen-An-
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halt, Germany (Schneider and Gruschwitz 2004). The
ecology of H. pinastri has not been studied compre-
hensively, so that its significance as an agent caus-
ing seedling damage is not clear. Most information on
the species has been gained from studies related to
H. abietis. The purpose of this study was to investi-
gate the feeding preference of adult H. pinastri on
Scots pine and Norway spruce in paired-choice tests.

Material and methods

Scots pine seeds (seed origin SV 337) were sown
between 4-6 May 2009 and seedlings were fertilized
five times in 2009 with a total of 35 g m?Kekkild For-
est-Superex. In addition, they were treated five times
with Tilt 250 EC fungicide (a.i. propiconazole 250 g
L"). Norway spruce seeds were sown in April 2009 and
were fertilized 12 times with Kekkila Forest-Superex and
once with Kekkild Taimi-Superex, the total amount of
fertilization being 80 g m™. The seedlings were also
sprayed twice with Tilt 250 EC.

The one-year-old seedlings were grown in PL-81
trays (Lannen Plant Systems, Finland). Seedling height,
annual growth and stem diameter at 1 cm height were
measured before the experiment, to ensure that the
seedlings were of equal size. The experiment was con-
ducted in a laboratory at room temperature at 25.1°C
(£ 1.6 °C) and at 43.2% (£ 5.4%) relative humidity.

Adult weevils used in this experiment were col-
lected via pitfall traps in Joensuu and Radkkylad, East-
ern Finland during a two-week trapping period in June
2010. Traps provided 240 weevils for the experiment.
After collection, the weevils were kept in jars with
sawdust in groups of 20, at +5°C. Water and fresh pine
twigs were added to the jars. Only healthy, medium-
sized individuals were used for the experiment. Before
the experiment, weevils were weighed and inspected.
From the 240 weevils captured, 108 were selected for
the experiment based on their weight; the lightest and
the heaviest individuals were rejected. The selected
individuals were placed singly in Petri dishes (& 15
cm) on moistened filter paper and kept without food
for 24 h. After fasting, the weevils were weighed and
replaced in Petri dishes, where they were allowed to
feed for 7 d on 10 cm-long pieces of stem cut from the
bases of the tree seedlings. The weevils were weighed
at the end of the experiment, left without food for
another 24 h and weighed again. One weevil died dur-
ing the experiment and one escaped.

The total bark area was calculated for each stem
piece after its mean diameter and length had been
measured with a digital pocket slide gauge. The twigs
were placed in order according to their diameter and
were arranged in pairs, so that twigs of the two tree

species as closely sized as possible were supplied to
the experimental insects. The mean length of Norway
spruce twigs was 100.3 = 0.4 mm (mean = S.D.) and
the mean diameter at the stem base was 4.1 + 0.4 mm.
Scots pine twigs had a mean length of 100.3 £ 0.5 mm
and mean diameter of 3.9 £ 0.3 mm. The mean weight
of the experimental weevils before one-day of fasting
was 0.046 = 0.004 g, (mean £ S.D.).

The feeding scars were copied onto plastic foils
with a pen and the foils were then scanned and the
images edited using Adobe® Photoshop® 5.5 (Adobe
Systems Inc.), after which the total gnawed bark area
was calculated with WinSEEDLE 2010a software (Re-
gent Instruments Inc.). Changes in the weight of wee-
vils and the gnawed bark areas of tree species were
compared using one-way ANOVA. The influence of
weevil weight on the area of gnawed bark was tested
with the Pearson correlation coefficient. Both tests
were performed with SPSS® Statistics 17.0 (SPSS® Inc.).

Results

On average, the weevils fed on 145 mm? Norway
spruce twigs, which was 12% of the total twig surface.
The corresponding values for Scots pine were 88 mm?
and 8%. The bark area of Norway spruce twigs was
6% greater (DF =1, F =26.7, P <0.001) than the sur-
face area of Scots pine. In terms of feeding, 62% of
the total amount occurred on Norway spruce twigs;
the difference between tree species was significant (df
=1, F=24.14, P <0.001). There was no significant
correlation between the initial weevil weight after the
first fast and the area of Norway spruce bark con-
sumed (Norway spruce, » = 0.07, P=0.478, n =106 or
Scots pine, r = 0.11, P = 0.263, n = 106).

Following the one-day fast before the experiment,
mean weevil weight decreased by 4% (df =1, F=6.77;
P =0.009) and the mean weight was 0.044 + 0.006 g,
(= S.D.). During the second fast, the mean weevil
weight also fell by 4% (df =1, F = 4.08, P = 0.045). At
the end of the experiment, the mean weight of the in-
sects was 0.047 £ 0.005 g (mean £ S.D.), so that dur-
ing the seven-day feeding experiment, the mean weight
of H. pinastri increased by 1% (df =1, F = 0.20, P =
0.65, comparing the weight after the first and second
fast); the difference, however, was not significant. Each
weevil consumed, on average, 33.2 mm? of bark per day.

Discussion

H. pinastri preferred Norway spruce to Scots pine
in the feeding experiment. Norway spruce twigs were
larger than Scots pine twigs. It can be assumed that
by choosing equally sized weevils for the experiment,
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we minimised the differences between individuals,
since there was no correlation between the feeding rate
and the weight of weevils. The mean daily feeding rate
for H. abietis was about 50 mm? (Bylund et al. 2004;
Toivonen and Viiri 2006). The mean bark area consumed
per individual per day was 62 mm? for females, due to
the egg-laying period, and 40 mm? for males (Bylund
et al. 2004). A feeding rate of 33 mm?per day in this
experiment can be interpreted as representing a nor-
mal feeding amount for the smaller-sized H. pinastri.
The temperature during the experiment was high, which
might have influenced the feeding activity, which is
known to be lower at high temperatures (Christiansen
and Bakke 1971). The feeding rate of pine weevils has
been found to be highest at 20-25°C (Christiansen and
Bakke 1968, Leather et al. 1994) and feeding is noc-
turnal in extreme conditions in exposed sites (Chris-
tiansen and Bakke 1971). Here, H. pinastri favoured
Norway spruce over Scots pine for its nutrition, thus
confirming the previously observed habitat require-
ments of the species. H. pinastri is common in fresh,
moist sites dominated by Norway spruce (Langstrom
1982). Langstrom (1982) has shown that H. pinastri
prefers Norway spruce instead of Scots pine when
choosing trap billets. Furthermore, according to ob-
servations of Kangas (1958), H. pinastri is more com-
mon in Norway spruce than Scots pine forests. Ac-
cording to Eidmann (1974), the H. pinastri develop-
ment period corresponds to that of H. abietis. How-
ever, development appears to be longer for pine wee-
vils feeding on Norway spruce (Bejer-Petersen et al.
1962) and a minority of the larvae (5%) in Norway
spruce required a further year for their development
(Bakke and Lekander 1965). More information is needed
concerning H. pinastri, including for example, what is
the role of field layer vegetation in their diet.

Acknowledgements

We are grateful to Mervi Ahonpdd for technical
assistance. We also acknowledge the Research Nurs-
ery of the Finnish Forest Research Institute in Suo-
nenjoki for producing and providing the seedlings.

References

Bakke, A. and Lekander, B. 1965. Studies on Hylobius abi-
etis L. II. The influence of exposure on the development
and production of Hylobius abietis, illustrated through one
Norwegian and one Swedish experiment. Meddelelser fra
Det norske Skogsforsoksvesen 20: 115-135.

Bejer-Petersen, B., Juutinen, P., Kangas, E., Bakke, A.,
Butovitsch, V., Eidmann, H., Heqvist, K.J. and Le-
kander, B. 1962. Studies on Hylobius abietis L. 1. De-
velopment and life cycle in the Nordic countries. Acta
Entomologica Fennica 18: 1-107.

Brattli, J.G., Andersen, J. and Nilssen, A.C. 1998. Pri-
mary attraction and host tree selection in deciduous and
conifer living Coleoptera: Scolytidae, Curculionidae, Ce-
rambycidae and Lymexylidae. Journal of Applied Ento-
mology 122: 345-352.

Bylund, H., Nordlander, G. and Nordenhem, H. 2004.
Feeding and oviposition rates in the pine weevil Hylo-
bius abietis (Coleoptera: Curculionidae). Bulletin of En-
tomological Research 94: 307-317.

Christiansen, E. and Bakke, A. 1968. Temperature prefer-
ence in adults of Hylobius abietis L. (Coleoptera: Curcu-
lionidae) during feeding and oviposition. Zeitschrift fiir An-
gewandte Entomologie 62: 83-89.

Christiansen, E. and Bakke, A. 1971. Feeding activity of
the pine weevil, Hylobius abietis L. (Col., Curculionidae),
during a hot period. Norsk Entomologisk Tidsskrift 18:
109-111.

Ehnstrom, B and Axelsson, R. 2002. Insektsgnag i bark och
ved. [Insect bites in bark and wood]. ArtDatabanken SLU,
Uppsala. 512 pp. (in Swedish).

Eidmann, H.H. 1974. Hylobius Schonh. In: W. Schwenke (Ed-
itor), Die Forstschddlinge Europas. Verlag Paul Parey. p.
275-293. (in German).

Kangas, E. 1958. Systematische Untersuchungen iiber die Lar-
ven der Hylobius piceus DeG., abietis L. und pinastri Gyll.
(Col.,  Curculionidae). Suomen  Hydnteistieteellinen
Aikakauskirja 25: 110-118.

Langstrom, B. 1982. Abundance and seasonal activity of adult
Hylobius-weevils in reforestation areas during the first
years following final felling. Communicationes Instituti
Forestalis Fenniae 106: 1-23.

Langstrom, B. and Day, K.R. 2004. Damage, control and
management of weevil pests, especially Hylobius abietis.
In: F. Lieutier, K.R. Day, A. Battisti, J.-C. Grégoire and
H.F. Evans (Editors), Bark and wood boring insects in
living trees in Europe, a synthesis. Kluwer Academic Pub-
lishers, Netherlands. p. 415-444.

Leather, S.R., Ahmed S.I. and Hogan, L. 1994. Adult feed-
ing preferences of the large pine weevil, Hylobius abietis
(Coleoptera: Curculionidae). European Journal of Ento-
mology 91: 385-389.

Lekander, B., Eidmann, H.H., Bejer, B. and Kangas, E.
1985. Time of oviposition and its influence on the de-
velopment of Hylobius abietis (L.) (Coleoptera: Curcu-
lionidae). Zeitschrift fiir Angewandte Entomologie 100:
417 421.

Lindeléw, A., Eidmann, H.H. and Nordenhem, H. 1993.
Response on the ground bark beetle and weevil species
colonizing conifer stumps and roots to terpenes and eth-
anol. Journal of Chemical Ecology 19: 1393-1403.

Luik, A. and Voolma, K. 1989. Some aspects of the occur-
rence, biology and cold-hardiness of Hylobius weevils. In:
R.I. Alfaro and S.G. Glover (Editors), Insects affecting
reforestation: Biology and damage. Supply and Services
Canada, Ottawa. p. 28-33.

Nordlander, G. 1987. A method for trapping Hylobius abi-
etis (L.) with a standardized bait and its potential for
forecasting seedling damage. Scandinavian Journal of
Forest Research 2: 119-213.

Nordlander, G. 1990. Limonene inhibits attraction to j-pinene
in the pine weevils Hylobius abietis and H. pinastri. Jour-
nal of Chemical Ecology 16: 1307-1320.

Nordlander, G. 1991. Host finding in the pine weevil Hylo-
bius abietis: effects of conifer volatiles and added limonene.
Entomologia Experimentalis et Applicata 59: 229-237.

Nordlander, G., Eidmann, H.H., Jacobsson, U., Norden-
hem, H. and Sjodin, K. 1986. Orientation of the pine

I 2013, Vol. 19, No. 1 (3¢) I 1SN 2029-9230 [

163



BALTIC FORESTRY

I FEEDING PREFERENCES OF HYLOBIUS PINASTRI GYLL. I . V//IRI AND O. MIETTINEN [

weevil Hylobius abietis to underground sources of host
volatiles. Entomologia Experimentalis et Applicata 41:
91-100.

Nordlander, G., Nordenhem, H. and Bylund, H. 1997.
Oviposition patterns of the pine weevil Hylobius abietis.
Entomologia Experimentalis et Applicata 85: 1-9.

Ozols, G. 1985. Prides un egles dedrofagien kukaini Latvijas
mezos. Riga. [Dendrophagous insects of pine and spruce
in Latvian forests]. 208 pp. (in Latvian).

Saalas, U. 1949. Suomen metsdhyonteiset. [Finnish Forest
Insects]. Wsoy, Porvoo. 719 pp. (in Finnish).

Schneider, K. and Gruschwitz, W. 2004. Rote Liste der
Risselkédfer (Coleoptera: Curculionoidea) des Landes Sach-
sen-Anhalt. [Red list of weevils (Coleoptera: Curculionoi-
dea) in Sachsen-Anhalt]. Berichte des Landesamtes fiir
Umweltschutz Sachsen-Anhalt 39: 345-355, (in German).

Sibul, I. 2000. Abundance and sex-ratio of pine weevils, Hy-
lobius abietis and H. pinastri (Coleoptera: Curculionidae)
in pine clear-cuttings of different ages. Proc. Int. Conf.
Tartu, Estonia, September 28-29, 2000. Transactions of
the Estonian Agricultural University 209: 186—189.

Sjodin, K., Persson, M., Fildt, J., Ekberg, I. and Borg-
Karlson, A-K. 2000. Occurrence and correlations of
monoterpene hydrocarbon enantiomers in Pinus sylves-
tris and Picea abies. Journal of Chemical Ecology 26:
1701-1720.

Solbreck, C. and Gyldberg, B. 1979. Temporal flight pat-
tern of the large pine weevil, Hylobius abietis L. (Cole-
optera, Curculionidae), with special reference to the in-
fluence of weather. Zeitschrift fiir Angewandte Entomol-
ogie 88: 532-536.

Solbreck, C. 1980. Dispersal distances of migrating pine
weevils, Hylobius abietis, Coleoptera: Curculionidae. En-
tomologia Experimentalis et Applicata 28: 123-131.

von Sydow, F. 1997. Abundance of pine weevils (Hylobius
abietis) and damage to conifer seedlings in relation to
silvicultural practices. Scandinavian Journal of Forest
Research 12: 157-167.

Tilles, D.A., Nordlander, G., Nordenhem, H., Eidmann,
H.H. Wassgren, A.-B. and Bergstrom, G. 1986. In-
creased release of host volatiles from feeding scars: A
major cause of field aggregation in the pine weevil, Hy-
lobius abietis (Coleoptera: Curculionidae). Environmen-
tal Entomology 15: 1050-1054.

Toivonen, R. and Viiri, H. 2006. Adult large pine weevils
Hylobius abietis feed on silver birch Betula pendula even
in the presence of conifer seedlings. Agricultural and
Forest Entomology 8: 121-128.

Received 29 November 2012
Accepted 07 June 2013

KOPMOBBIE ITPEJNNIOYTEHUSA CPEJHEI'O COCHOBOT'O JOJNI'OHOCHUKA HYLOBIUS

PINASTRI GYLL.

X. Buiipn u O. MueTTUHEH

Pesiome

Jonronocuku pona Hylobius (Coleoptera: Curculionidae), B 4acTHOCTH OOJIBIIION COCHOBBIN M0AroHOCUK H. abietis L.,
NPUHOCIT GOJNBLION yiiep6 JECHBIM KyIbTYpaM XBOWHBIX MOPOM, 4acTo 00yclamriuBas WX rubeib. BOJBIIOW COCHOBBIN
JIOJITOHOCHK CYMTAETCSI ONHUM M3 SKOHOMUYECKH HanboJiee OMacHbIX BpequTeneii eca B EBpore. OnHaKo qpyroil BUI 3TOrO
pojia — CpeiHui COCHOBBIM NONTOHOCHK, H. pinastri Gyll. — sBIseTCs MeHee M3BECTHBIM M IOpPas/i0 MEHbIIE MPHUBJIEKAI

BHUMAaHHE UCCIICI0BATEIICH.

MEI IpoB €U SKCTIEPUMEHT KOpMIIEHUs H. pinastri ¢ LienbIo PO ClIeKUBaHUS MPEIIOYTEHNS OT1aBaEMOTO JOITOHOCHKOM
B Ka4eCTBE KOPMOBOTO PACTEHHMs €lIM €BPOIEICKOil M COCHBI OOBIKHOBEHHOH. HacekoMbIM OBUIO IpeACTaBIEHO CBOOOJHO
BBIOMPATh MEXJ[y BETKAMU €I U COCHBI B T€UEHHE HENENHFHOTO SKCIEepUMEHTA. Pe3ynbTarsl MOKa3bIBAIOT, UTO H. pinastri
MPEIIOINTACT €llb, HO TAKKE IMTUTAETCS Ha COCHE. KopMOBBIE paHBI Ha KOpe OBLTH JOCTATOYHO OONBIINMH, YTOOBI IPUINHATH
rubenb pacTeHUH. Pe3yabTaTsl MOATBEp)KAAIOT HAOMOAECHHE, UTO H. pinastri MHOTOYHCIEHHO BCTpEYaecTCs B Oomee BIaXKHBIX

YCIOBHUAX MECTONIPOU3PACTAHUSA CIIH.

KonrodeBble c10Ba: BpeIuTeNHN JIECOBO30OHOBICHUS, BEIOOP KOPMOBOTO PACTEHUS, SKCIIEPUMEHT Kopmienus, Hylobius

pinastri
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