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ABSTRACT

Scots pine (Pinus sylvestris L.) is a common economic tree in European forests. Pine forests have been damaged due to the outbreak of bark
beetles in recent years. As a result, there is a need to reforest large clearings. Replanting conifers seedlings is difficult due to damage caused by
the large pine weevil (Hylobius abietis). Knowledge of the influence of environmental parameters on the development of weevils is a prerequisite
for reducing abundance. The large pine weevil is tied to fresh stumps in its development. We studied the number of adults leaving the pine
stumps in dependence on stump diameter, canopy closure, vegetation and moss cover. The results showed that the weevils respond positively
to moss cover near the stumps. The presence of moss probably affects the microclimate and reduces predation risk. Both can positively affect
the selection of stumps by females and subsequent development of larvae. Moss removal can be a way how to reduce the damage caused by the

large pine weevils.

For more information see Summary at the end of the article.
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Borovice lesni (Pinus sylvestris L.) ma v evropskych lesich dlouhodobé
vysoké zastoupeni (DURRANT et al. 2016). Hospodarské borové lesy
Celi v posledni dobé silnému tlaku podkorniho hmyzu (Kunca 2021;
GRODZKI, JABLONSKI 2021; L1SKA et al. 2021). Péstovani jehli¢natych
monokultur je proto rizikové z ekonomického i ekologického hledis-
ka (LOF et al. 2010; HLASNY, TURCANI 2013; NEUNER, KNOKE 2017).
I presto je do budoucna vzhledem k ristovym vlastnostem a $irokym
moznostem vyuziti pocitano s pomérné vysokym zastoupenim boro-
vic v lesich (SurmiNsk1 2007; RUOTSALAINEN, PERssON 2013; MZE
2021; Ruiz-PEINADO et al. 2021). Vysadby jehli¢nant na holinach jsou
poskozovany klikorohem borovym (Hylobius abietis L.), ktery dlou-
hodobé patii mezi hlavni hospodaisky nezadouci druhy jehli¢natych
lesti (LEATHER et al. 1999; LALIK et al. 2021).

Klikoroh borovy patfi mezi velmi dobfe prozkoumané druhy. Sou-
hrn poznatkd podava napf. LaLik et al. (2021). Samice klikorohii

large pine weevil; seedlings; stump; damage; environment; soil

kladou vaji¢ka do pudy a na koteny erstvych patezt, kde larvy Ziji
pod karou. Dospélci se ve sttedoevropskych podminkéach lihnou ve
dvou vlnach v kvétenu az ¢ervnu a srpnu az zari (SKRzecz et al. 2021).
Hospodarské $kody zptisobuji svym naslednym Uzivnym Zirem, pfi
némz okusuji kiiru a lyko predevsim jehli¢natych stromkd (LEATHER
et al. 1999). K narustu populace klikoroht a naslednému poskozeni
sazenic dochazi predev$im pti holose¢ném hospodateni, jez broukiim
zajistuje dostatek potravy i zdroji pro rozmnozovani (LANGSTROM,
Day 2004). Diky své schopnosti migrace a citlivé detekce volatilnich
latek jsou schopni nalézt i vzdalené pro rozmnozovani vhodné paseky
(SOLBRECK, GYLDBERG 1979; NORDENHEM, EIDMANN 1991; KENNEDY
et al. 2006). V souvislosti se zalestiovanim kalamitnich holin a zmé-
nou klimatu se ocekavd, ze $kody zpisobené klikorohem budou do
budoucna nartstat (WAINHOUSE et al. 2001; INWARD et al. 2012; Lo-
RENC, VELE 2021).

K omezeni klikorohy ptisobenych $kod Ize s vétsi ¢i mensi dspésnos-
ti vyuzivat mnoho metod napt.: chemickou (insekticidy, repelenty)
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a mechanickou (voskovéni, ochranné limce) ochranu sazenic, pfimé
snizovani velikosti populace (odchytavani brouku do pasti), bio-
logickou a biotechnickou ochranu (skarifikace ptidy, odstranovani
parezi, entomopatogenni houby a hlistice) (LANGSTROM, DAY 2004;
RAHMAN et al. 2018; LALIK et al. 2021; SKRZECZ et al. 2021). Pravidla
integrované ochrany rostlin doporucuji ptednostni vyuziti preventiv-
nich metod, napf. omezeni ristu populace upravou environmentél-
nich podminek (FLINT 2012). V ptipadé klikoroha borového se jedna
o parezy a jejich okoli. Z tohoto diivodu jsme studovali pocty kliko-
roht lihnoucich se z pafezil v zavislosti na vybranych parametrech
prostredi.

MATERIAL A METODIKA

V borovych porostech pobliz Lipniku (okres Mlada Boleslav) a Ttebe-
chovic pod Orebem (okres Hradec Krélové) bylo poc¢atkem jara v roce
2019 ndhodné vybrano 36 borovych parezii vzniklych nahodilou téz-
bou v predchozim roce. K odchytu brouki1 byly pouzity na patezy in-
stalované fotoeklektorové pasti slozené ze svétlu nepropustné textilie
(pti zemi obsypané zeminou) a prihledné odchytové nddobky (VELE
2022). Pasti byly instalovany od bfezna do fijna 2019 a 2020. Z para-
metr prostfedi jsme zaznamenavali tloustku pafezu, korunovy zapoj
a pokryvnost cévnatych rostlin a mechorostt v okruhu 5 m od patezu.
Ziskand data byla vyhodnocena pomoci generalizovaného linearniho
modelu v program IBS SPSS (DEnis 2019).

VYSLEDKY A DISKUSE

Celkem bylo odchyceno 300 jedinct (9,4 £ 2,0/patez). V sedmi pri-
padech nebyl z pafezu odchycen Zadny jedinec, nejvice bylo odchy-
ceno 43 jedinct. Vétsina brouku se vylihla jiz v nasledujicim roce po
tézbé. Z vysledku analyzy je zfejmé, ze pouze pokryvnost povrchu
mechorosty méla signifikantni (pozitivni) vliv (x2 = 17,07, p = 0,01)
na pocet odchycenych klikoroht. Obdobny vztah mezi pritomnosti
mechorostd a okusem sazenic studovali ORLANDER a NORDLANDER
(2003), vysledky jejich studie vsak nebyly priikazné. Naopak za jed-
nozna¢né pozitivni metodu pfi snizovani $kod je povazovana skarifi-
kace pudy v okoli sazenic, jez s odstranénim mechorosti (stejné jako
dalsich rostlin) souvisi (ORLANDER, NORDLANDER 2003; PETERSSON
et al. 2005; PETERSSON, ORLANDER 2011). Na mineralnich, humusu
zbavenych pudach se brouci zdrzuji krat$i dobu, ¢imz se pravdépo-
dobné snazi vyhnout pfimému slune¢nimu zafeni a vysokému riziku
napadeni prirozenymi neprateli (KINDVALL et al. 2000; PETERSSON,
ORLANDER 2005). Mechorosty v disledku své vysoké evapotranspira-
ce vytvareji privétivéjsi mikroklima (HEJMANS et al. 2004; STARTSEV
et al. 2007), jez se mize odrazet ve vybéru ploch pro kladeni vajicek.
Mikroklima s niz§im rozsahem teplotnich extrému a vy$simi teplota-
mi pady v chladnych mésicich muzZe pozitivné ovliviiovat také pre-
zivani a rychlost vyvoje larev (OzoLs 1989 in LEATHER et al. 1999;
STARTSEV et al. 2007).

Obdobny vliv by bylo mozné ocekavat i u vysoké pokryvnosti cévna-
tych rostlin (ORLANDER, NORDLANDER 2003), ktery se v nasi studii
neprokazal. Vysvétleni lze hledat ve skutecnosti, Ze cévnaté rostliny
ovliviiuji mikroklima ptidy méné nez mechorosty a vyskyt nektaro-
darnych rostlin navySuje pocetnost parazitoidd, ¢imz sniZuje pocet
vylihnuvsich se broukti (HENRY, DAy 2001; HEIJMANS et al. 2004;
STARTSEV et al. 2007). Nepozorovany rozdil mezi lokalitami je pravdé-
podobné disledkem skute¢nosti, Ze obé studovana mista se nachazeji
v uzemich s rozpadem borovych porostil (L1Ska et al. 2021), a tudiz
podminkami vhodnymi pro vysoké abundance klikorohti. Nepotvr-
zena zavislost poctu vylihlych dospélcti na tloustce parezt se odviji
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od stejnovékosti porostd, resp. nizkych rozdila v tloustce studovanych
parezli (MOORE et al. 2004).

Odstranovani mechorostii v okoli parezu se jevi jako vhodné opatie-
ni, omezujici pocet lihnoucich se klikorohti, majici ve srovnani napft.
s odstranovanim parezi ¢i chemickou ochranou sazenic niz$i neza-
douci dopady na okolni ekosystém. I pies jednoznacnost vysledki pro
lesnickou praxi by presny vliv mechorostii bylo vhodné ovéfit pomoci
experimentd. Pfi pouziti metody nelze opomijet skutecnost, Ze i me-
chorosty jsou dulezitou slozkou lesnich ekosystémii (STARTSEV et al.
2007; BozaNiC et al. 2013; TABORSKA et al. 2020). Za nejvhodnéjsi
opatteni omezujici Skody zptisobené zirem klikorohtl Ize proto i nada-
le povazovat vysoky podil listnatych sazenic (WAINHOUSE et al. 2001;
AWMACK, LEATHER 2002).
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SUMMARY

Scots pine (Pinus sylvestris L.) has an overall economic value and spread in European forests (RUOTSALAINEN, PERSSON 2013; DURRANT et
al. 2016). Pine forests have recently been exposed to the bark beetle’s outbreak (Kunca 2021; L1Ska et al. 2021), which is reflected in the large
area of replanted clearings. The planting of conifers on larger clearings is often hampered by the harmful impact of large pine weevil (Hylobius
abietis L.), one of the main forest pests in Europe. This species is associated with fresh coniferous stumps (LEATHER et al. 1999; LALIK et al.
2021). Many methods are used to reduce weevils’ damage, however, none of them is ideal. The rules of integrated plant protection recommend
the preferential use of preventive strategies, such as limiting reproduction success (FLINT 2012). The numbers of adults leaving the pine stumps
in dependence on stump diameter, canopy closure, vegetation and moss cover within a radius of 5 m from stumps were evaluated. The obtained
data were analyzed using a generalized linear model in the IBS SPSS program (DENis 2019).

In total, 300 individuals (9.4+ 2.01 per stump) were captured. In seven cases, no individuals were captured from a stump. The highest number
of individuals captured from one stump was 43. Most beetles hatched in the first year after felling. Only the coverage of mosses had a significant
(positive) effect (x2=17.07; p=0.01) on the number of beetles. A similar relationship between the presence of moss and seedling damage was
studied by ORLANDER and NORDLANDER (2003), but their results do not provide clear conclusions. On the contrary, soil scarification in seedlings
surroundings, which is similar to removing mosses (and other plants), has a positive effect in reducing damage (ORLANDER, NORDLANDER 2003;
PETERSSON et al. 2005; PETERssON, ORLANDER 2011). On bare soils, beetles stay for a shorter time, thus avoiding direct sunlight and the high
risk of predation (KINDVALL et al. 2000; PETERSSON, ORLANDER 2005).

Mosses provide a more suitable microclimate from which weevils can benefit when selecting a place for egg-laying (HEIJMANS et al. 2004;
STARTSEV et al. 2007). A more suitable microclimate (lower range of temperature extremes, higher soil temperatures) under mosses during
colder months also affects larvae’s survival and developmental rate (Ozols 1989 in LEATHER et al. 1999; STARTSEV et al. 2007). A similar effect
could be expected for vascular plant cover (ORLANDER, NORDLANDER 2003), not shown in our study. The explanation may be that vascular
plants affect soil microclimate less than moss (HENRY, DAY 2001; STARTSEV et al. 2007). And secondary, the presence of nectarivorous plants
increases the abundance of weevils’ parasitoids (HEIJMANS et al. 2004).

Removing moss around the stump seems to be an appropriate measure to reduce the number of hatching weevils, which will have lower
undesirable impacts on the surrounding ecosystem than stump removal or chemical protection of seedlings. Although the results are
unambiguous for forest management, the specific effects of mosses should be verified by experiments. However, it cannot be neglected that
mosses are also an important part of forest ecosystems, and its removal can have a negative effect (STARTSEV et al. 2007; BoZANIC et al. 2013;
TABORSKA et al. 2020). Therefore, a high proportion of deciduous seedlings is still the most appropriate method to limit the damage caused by
the large pine weevils (WAINHOUSE et al. 2001; AWMACK, LEATHER 2002).
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